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                                                                                                   Abstract  

 

Mitigating the impact of climate change is perhaps the greatest challenge facing mankind. It 

has been estimated that GHG emissions need to be reduced by as much as 90% on 1990 levels 

by 2050, limiting the impact of anthropogenic climate change. The property industry in the UK 

has been identified as a significant contributor to GHG emissions. Commercial offices have 

seen the most significant rise in energy demand of all building types. Reducing the operational 

energy demand from buildings has been identified as the most cost-effective way of reducing 

emissions and improving security in energy supply. The UK has signed up to legally binding, 

2050 CO2 reduction targets. However, despite the continuous introduction of environment 

policy, energy efficiency has not improved as fast as is necessary to meet long-term CO2 

reduction targets.  

 

This thesis aims to address a lack of transformational pathways that exist on how to direct 

London’s commercial office building stock towards achieving a low carbon future. In order to 

do this, a conceptual framework was developed. The framework evolved through the hosting 

of an exploratory working group that identify the steps and actions required to realise change. 

The working group developed alternative futures that they believed would emerge by 2050. 

These futures were then built upon through the inclusion of quantitative data that assess the 

impact future uncertainty would have on a variety of carbon emitting futures.  

 

The results show that investing in energy efficient renovation of buildings is economically and 

technically feasible and can contribute to the UK realising its long-term carbon reduction 

targets. However, achieving these targets requires government intervention substantially 

beyond current trends. The conceptual framework lays the groundwork and provides a decision 

support tool to help improve political environment decision making on how to achieve a low 

carbon future.  
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1.1     Introduction and Context 

 

This chapter introduces the research by outlining the rationale and background to the topic, 

alongside summarising the overall aim and objectives. In particular, this chapter identifies the 

research context and motivation, through an examination of the theoretical and practical 

justification for the study. Furthermore, the research methods are outlined alongside the 

investigation structure and the sequence of events that led to the development of a conceptual 

framework. This will provide practical advice on how to upgrade the existing building stock. 

This practical advice also includes recommendations on how to encourage investment in the 

energy upgrade and carbon emissions reduction of London’s existing commercial office 

building stock, in order to support a transition towards a low carbon economy.  

 

Figure 1.1 Structure overview of Chapter 1 

Figure 1.1 provides a pictorial overview of the different sections that make up Chapter 1. This 

introductory chapter thus aims to present an overview of the motivation and objectives of the 

thesis and provide a breakdown of the different chapters. Section 1.2 identifies the research 

rationale and background, providing the context and motivation for the research. Section 1.3 

lists the research aim and identifies how the aim was realised through a list of key research 

objectives that determine the scope, depth, and overall direction of the research. Section 1.4 

then outlines the research methodology, identifying the data collection and analysis overview, 

while section 1.5 identifies the thesis structure, providing an outline of the different chapters. 
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1.2 Rationale and Research Background 

 

The ever-growing international demand for energy, produced from finite natural sources (coal, 

oil, gas) has resulted in increased competition, which has led to the UK government prioritising 

energy costs and energy security over sustainability (Toke & Vezirgiannidou, 2013). The 

decline in fossil fuel production in the North Sea has led to the UK becoming a net importer of 

fossil fuels and becoming increasingly reliant on importing energy from OPEC countries. This 

reliance has left the UK open to the possibility of unequal trade from international suppliers, 

thus risking volatile and higher fuel prices (DBEIS, 2018). The high calorific value from the 

burning of fossil fuels has resulted in its high dependence in the production of energy for 

transport, electricity for industry and manufacturing, alongside its use in the heating and 

cooling of buildings (Duffy et al., 2018). The burning of fossil fuels emits large GHG pollutants 

into the atmosphere (CH4, N2O, HFC, PFC, SF6) of which carbon dioxide (CO2) is the primary 

GHG responsible for three quarter of emissions. These emissions then contribute to the 

greenhouse effect, increasing global temperatures, the impact of which includes prolonged 

droughts, flooding, intense heat waves, irregular weather patterns, and the extinction of species. 

It is therefore important to reduce the GHG content in the way energy is produced and used, 

specifically the use of fossil fuels that emit CO2 emissions into the atmosphere.  

 

There are more than 1.83 million non-residential buildings in England and Wales responsible 

for 47% of the total energy use or 76.24tWh of energy consumption per annum, equivalent to 

39.64 tCO2 emissions (DBEIS, 2016). These figures are exacerbated in London, where homes 

and workplaces account for around 78% of CO2 emissions, of which 80% of these existing 

buildings are expected to be in place by 2050 (AECOM, 2018). If the existing real estate 

industry were to reduce its use of energy, there would be a significant contribution to the 

stabilisation of the global energy demand and greenhouse gas pollution (Carbon Trust, 2009). 

Environmental policy and carbon reduction strategies tend to focus on legislating for energy 

efficient new builds and the development of strategies for residential energy efficient 

interventions. This has resulted in a policy vacuum when it comes to the non-domestic building 

stock. The trend in new builds has been towards better energy performance (Birchall, et al., 

2014) and it is now possible to construct buildings that are self-sufficient in their energy needs 

(Passive House & NZEB standards). Furthermore, research (Roberts, 2008, Long, et al., 2010; 

Aksamija, 2016) has identified low cost interventions that can result in retrofitting existing 
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buildings to NZEB and carbon neutral standards. The residential building stock is on average 

15 times larger than the office building stock with respect to heated floor area (Birchall, 2014). 

Previous research (Cooper, 2012) geared towards energy efficiency tends to focus on the 

residential buildings. However, with nearly 1 billion m2 heated buildings throughout Europe, 

commercial offices represent the largest portion of non-domestic energy consuming buildings. 

Over the last 30 years, there has been a significant increase in energy demand from offices due 

to the rise in the use of technologies such as large computers and the increased use of air 

conditioning systems (Wade, et al., 2003). Furthermore, the majority of IPCC future scenarios 

anticipate additional energy demand from the operation of commercial offices as a result of 

risks associated with climate change (IPCC 2000, 2001, 2007, 2014, 2018). These risks include 

additional energy demand from compulsory air conditioning (as a result of the anticipated 

warmer summers), alongside additional heating demand during colder winters. Kolokotroni, et 

al. (2012) identify that this may lead to a five-fold increase in CO2 emissions from city centre 

offices in London by 2050. The anticipated growth in energy demand and CO2 emissions from 

offices thus makes this research a current topic of discussion. It also adds to the debate on how 

to establish a long-term strategy for the mobilisation of investment in the energy efficient 

upgrade of the existing building stock.   

 

Previous EU policy (Energy Services Directive/Renewable Directive) directed members 

towards producing more electricity from renewable sources, however, recent changes have 

pushed member states towards increasing energy efficiency (EBPD 2010/31/EU) in their 

existing infrastructure.  However, although research (Åkerman, et al., 2007; Svenfelt, et al., 

2011; Parkinson, et al., 2012) using technical analysis has identified that it is possible to 

significantly reduce (as much as +/- 80%) the energy demand from new and existing buildings, 

large scale interventions have yet to occur.  The introduction of new instruments (NZEB, 

carbon neutral standards) are generally underpinned by classic microeconomic models in 

markets (supply v’s demand). However, the general introduction of energy efficiency to the 

property market has been hampered by structured barriers (split incentives, uncertainity of 

return in investment, performance gap) (Nadel, et al., 2003). Furthermore, despite the existence 

of an abundance of environmental policies and instruments, energy efficiency has not improved 

to the point of sufficiently meeting the long-term CO2 reduction targets (Lee, et al., 2014; CCC, 

2016; NEEAPs, 2017). This research proposes to fill a knowledge gap in this area, through the 

development of a conceptual framework that focuses on overcoming barriers (technological, 
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behavioural and investment), as well as promoting drivers (return on investment, green leases), 

with the aim of developing a transitional pathway towards a long term low carbon commercial 

office building stock.  

 

UK environment policy has evolved, from the oil crisis in the 1970’s, to concerns on climate 

change and on pollution levels threatening the survival of the human species in the 2010’s. 

Analysis on environmental policy (see section 2.6, chapter 2) shows that energy efficiency has 

increased in importance over time, with a variety of new policy and initiatives being 

introduced. The analysis identifies that while several instruments have been introduced (grants, 

regulations, loans, EEOs, tax rebates, info campaigns, voluntary agreements), there seems to 

be a persistent approach in the removal, the extension, or rebranding of previous policies, with 

similar schemes. This has resulted in uncertainty for stakeholders (investors, occupiers, local 

government) regarding government direction. The persistent introduction of new instruments 

and conflicting policy (Social, Economic, priorities) increases the challenge of ensuring 

consistency in environmental policy. This is particularly true with respect to a high energy 

consuming building stock, which needs several decades of consolidated policy to realise 

change. The uncertainty that exists with respect to government direction on how it plans to 

achieve CO2 reduction targets has led to businesses and individual organisations delaying 

spending and investment in energy efficiency until this uncertainty has been resolved (Kern, et 

al., 2017). Furthermore, limited analysis has been carried out assessing the overall impact of 

the policy mix, rather than on individual instruments. There are also gaps in accessible data on 

the existing commercial office building stock, specifically assessing its use in performance 

(e.g. MEES linked to EPC labels), as instruments that demonstrate compliance (and data) seem 

to focus on design intent, rather than in-use performance. Although the UK has signed up to 

legally binding, ambitious, 2050 CO2 reduction targets, shortfalls exist on how to identify a 

pathway to realise such targets. The forthcoming literature review chapters (chapter 2 and 

chapter 3) will thus critically analyse these gaps in knowledge. These gaps could be filled 

through the development of a conceptual framework that guides stakeholders (investors, 

occupiers, government) to utilise a variety of policy instruments, which can then be used 

collaboratively, setting a pathway to achieve a low carbon future. 
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1.3 Aim and Research Objectives 

The research aim is to develop a conceptual framework on how to encourage investment in the 

renovation of London’s existing commercial office building stock, to support a transition 

towards a low carbon future.  

 

The aim of the study is accomplished through the following objectives: 

• To identify and critically analyse existing policies and instruments aimed at stimulating 

energy efficiency in the built environment.  

• To explore buildings’ energy performance and assess whether discrepancies that may 

cause confusion exist, using existing environmental performance indicators. 

• To critically examine the energy efficiency potential that exists in the UK commercial 

office market and evaluate whether it has the potential to meet UK climate change 

targets. 

• To investigate a variety of different energy demand futures and develop a long-term 

vision for a low carbon emitting, built environment. 

• To reflect upon the developed transformational pathway and assess the potential impact 

the conceptual framework has on London’s future energy demand. 

 

1.4 Research Methodology 

 

This study utilises a mixed method approach, incorporating scenario planning, sensitivity 

analysis, and backcasting, alongside verification, through the inclusion of reflection as part of 

the scenario development and testing. Similar to previous research by Ratcliffe (1999) 

Ringland (2014), and Conway (2016), the development of the conceptual framework was 

divided into six different stages (see Figure 1.2 below).  
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Figure 1.2 Main Stages in developing the Conceptual Framework 

 

Figure 1.2 provides a visual summary of the main stages used to develop the conceptual 

framework. Chapter 4 (research methodology) elaborates upon the different stages and the 

sequence of events that led to the research output. The research commenced (stage 1) with a 

review of literature on the subject topic that aims to establish the context of the research. This 

consists of a review of literature on existing policy, building performance indicators, and 

research that assesses the potential to reduce energy demand from London’s commercial office 

buildings. The literature review also focused on the development of transformational pathways 

on how to realise a low carbon future. The literature identifies energy efficiency as a means of 

reducing CO2 emissions, as well as ensuring buildings meet current user needs. This view was 

validated in the exploratory working group, where participants recommended that the scoping 

question focus on ‘analysing measures that lead to an increase in energy efficiency of the 

existing building stock’ as the method of achieving a low carbon sustainable future. Stage 2 

involved the working group identifying the main drivers of change and assessing future 

challenges associated with achieving a low carbon, London commercial office building stock. 

The procedure of identifying drivers of change, followed by an analysis of their importance, 

thus led to the development of different scenarios. These drivers and future challenges were 

prioritised in Stage 3, where the working group ranked each as having either a low, medium, 

or high priority in achieving a sustainable energy efficient future building stock. This stage also 



  

8 

 

included an assessment of specific actions that the working group felt were needed for an 

energy efficient building stock to emerge by 2050.  

 

Stage 4 then involved developing the scenarios through the use of 2x2 matrices as the basis for 

visualising a variety of futures that could emerge in 2050.  The matrix enables each scenario to 

evolve differently in a logical and non-random way, as the top scoring factors form the key 

drivers in all the scenarios. Stage 5 involved testing and refinement of the scenarios, which led 

to the identification of the ‘desired low carbon future’. The scenario development and testing 

stage drew upon quantitative data on energy demand from London’s commercial office 

building stock, which was extrapolated through the adjustment of key variables estimating the 

energy demand in the different futures. Stage 6 involved investigating and quantifying the 

specific actions required to achieve change and the impact of that change through a backcasting 

exercise. This was realised through reflecting upon the outputs of the working group and 

simulated CO2 model, which then resulted in a complex layering of information used to 

demonstrate the timing and action needed to encourage investment in the energy upgrade of 

London’s existing commercial office building stock.   

 

1.5 Thesis Structure 

 

Table 1.1 provides an outline of the thesis chapters and the position of the research objectives.   

 

Table 1.1 Thesis Structure and Positioning of Research Objectives 

Description Chapter Research Objectives 

Introduction 1. Introduction & Research 

Rationale 

 

Theoretical 

Background 

2. Environmental Policy & 

Energy Performance 

Indicators 

1.To identify and critically analyse existing 

policies and instruments aimed at stimulating 

energy efficiency in the built environment.  

2.To explore buildings’ energy performance and 

assess whether discrepancies exist that may 

cause confusion, using existing environmental 

performance indicators. 

3. Transformational Pathways 

towards a Low Carbon Future 

 

3.To critically examine the energy efficiency 

potential that exists in the UK commercial office 

market and evaluate whether it has the potential 
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Description Chapter Research Objectives 

to meet UK climate change targets (previous 

literature that examines building stock energy 

efficiency potential).  

Empirical 

Research 

4. Methodology   

5. Exploring the future 4. To investigate a variety of different energy 

demand futures and develop a long-term vision 

for a low carbon emitting, built environment 

(working group) 

6. Scenario Analysis and 

future CO2 model simulation. 

3. To critically examine the energy efficiency 

potential that exists in the UK commercial office 

market and evaluate whether it has the potential 

to meet UK climate change targets (data analysis 

on London’s commercial office building stock). 

4.To investigate a variety of different energy 

demand futures and develop a long-term vision 

for a low carbon emitting, built environment 

(data analysis on London’s commercial office 

building stock). 

2.To explore buildings’ energy performance and 

assess whether discrepancies exist that may 

cause confusion, using existing environmental 

performance indicators (quantitative analysis 

comparing EPC & DEC labels; see the Green 

Growth Scenario). 

7. Framing the conceptual 

framework that realises a low 

carbon London commercial 

office building stock  

5. To reflect upon the developed 

transformational pathway and assess the 

potential impact the conceptual framework has 

on London’s future energy demand. 

Evaluation 8. Discussion and Conclusion  

 

The objectives (identified in 1.2) will be achieved in the chapters of this thesis, which are shown 

in Table 1.1. The first objective will be answered through a theoretical discussion in Chapters 

2, while objectives two and three will be answered through reviewing both literature and 

empirical research in chapters 2, 3, and 6. The remaining objectives (4 and 5) will be answered 

as part of the empirical research in chapters 5, 6, and 7.  
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The thesis is organised into eight separate chapters, as shown in Table 1.1, which commences 

with an introductory chapter, two chapters on theoretical background, one chapter on the 

research methodology, three chapters on empirical research, with the final chapter concluding 

with an evaluation on the completed research.  

 

Table 1.2, below, summarises the research questions formulated to guide the research. The 

research objectives outline the broad areas of the study taken in each research phase, while the 

research questions identify specific questions to be answered as part of each objective being 

assessed.   

Table 1.2 Objectives and Research Questions 

Research 

Phase 

Research Objectives Research Questions 

Theoretical -

Literature 

Review 

To identify and critically 

analyse existing policies 

and instruments aimed at 

stimulating energy 

efficiency in the built 

environment.  

 

Context to the research - Is there a need to reduce 

CO2 emissions and to be more efficient with existing 

resources? Is the existing commercial office 

building stock efficient in its energy use, and does it 

emit a disproportionate amount of CO2 through its 

in-use performance? 

Is government intervention needed to reduce the 

impact buildings have on their environment? 

What are the barriers and drivers of change towards 

investing in energy efficiency? 

What instruments exist to target energy efficient 

intervention? 

To explore buildings’ 

energy performance and 

assess whether 

discrepancies exist that 

may cause confusion, by 

using existing 

environmental 

performance indicators. 

In complying with the Energy Performance 

Building Directive (EPBD), the EU allows 

countries to certify buildings’ performance based 

on both ‘theoretical calculation’ and ‘measured 

consumption’. Has this led to confusion in 

certifying energy efficiency in buildings? 

Comparison of design intent and in-use 

performance labels, to identify whether a 

‘performance gap exist’ (Greenwash Scenario) 

Empirical -

Qualitative 

research 

 

To investigate a variety 

of different energy 

demand futures and 

develop a long-term 

vision for a low carbon 

emitting, built 

environment. 

How can we identify and prioritise the 

organisational forces and specific actions needed to 

be taken to encourage investment in upgrading the 

existing building stock?  

How might London’s commercial office building 

stock evolve over the next 35 years? 



  

11 

 

Research 

Phase 

Research Objectives Research Questions 

Empirical-

Quantitative 

Research 

 

To critically examine the 

energy efficiency 

potential that exists in 

the UK commercial 

office market and 

evaluate whether it has 

the potential to meet UK 

climate change targets. 

What is the current energy demand & CO2 

emissions of London commercial offices?  

Do any of the simulated futures achieve the EU low 

carbon economy roadmap targets? 

 To reflect upon the 

developed 

transformational 

pathway and assess the 

potential impact the 

conceptual framework 

has on London’s future 

energy demand. 

 

What intervention (policy/ funding/ supports/ 

stakeholder actions) are needed to reduce the CO2 

consumption of London’s commercial office 

building stock?  

What is the optimised transitional pathway to 

encourage investment in the energy 

upgrade/lowering CO2 emissions of London’s 

commercial office building stock?  

What are the practical applications of the 

conceptual framework and how can it influence 

carbon reduction decision-making?   

 

Chapter 1 commenced with an introduction to the research. It discussed the rationale and 

background to the research, as well as identifying the research problem. The research aim, 

objectives, and methodologies were then identified, along with the research questions. Chapter 

1 also included an outline of chapters and an overview of the thesis structure.  

 

Chapters 2 and 3 provide a theoretical background on the subject topic. Chapter 2 commences 

with a review of previous literature, providing context for the current research, in which 

literature on previous building stock, renovation research, is critiqued. Analysis takes place on 

current energy efficient policy, with the aim of assessing a theory and guidance on how to 

achieve a low CO2, energy efficient, building stock, future. The literature reviews indicators 

that identify buildings’ energy performance and assesses whether discrepancies exist that may 

cause confusion, by using existing environmental performance labels. Chapter 3 is a 

continuation of the literature review and provides a narrative analysis on the research, which 

aims to identify a transformational pathway towards a low carbon future. This chapter assesses 

existing structural barriers that have resulted in the need for government intervention to drive 

change towards an energy efficient building stock. This then moves into the examination of 

literature that explores transformational pathways toward low carbon building stock futures. 
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The review then analyses tools and research that utilises scenario planning techniques as a 

means of identifying an optimised approach that can be used to explore pathways towards 

change. Chapter 3 moves into the examination of literature that quantifies the energy demand 

of regional building stock. It aims to identify an optimal approach to quantify the existing level 

of energy demand from London’s commercial office building stock. Chapter 3 concludes with 

an examination of literature that utilises conceptual frameworks, developed to guide 

stakeholders toward a low carbon future.  

 

Chapter 4 highlights the philosophical and methodological approach. Figure 1.3 provides an 

overview of the different methodologies that form part of the research. 

 

Figure 1.3 Overview of the different methodologies used as part of the research 

Chapter 5 provides a summary of the exploratory working group that resulted in the 

development of four scenarios, representing four alternative futures of the built environment. 

The primary purpose of this data gathering was to ensure the methodological soundness of the 

scenarios developed, all of which evolved differently in a logical and non-random way. The 

scenarios represent a variety of built environment futures, for energy use within the building 

stock. A High Green Growth desired future emerged, in which the future building stock adapts 

to the impacts of climate change and future challenges. In this desired future, the working group 

felt this would result in future proofing the existing building stock, where sustainable energy 
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efficient buildings are viewed as low risk investments, thus adding value to a business and not 

simply viewing them as cost centres. 

 

Chapter 6 quantifies and tests the differing simulated futures, with the aim of informing 

stakeholders on the effort required to achieve the desired future. This analysis resulted in the 

production of a base case CO2 model, which identifies the energy demand from the existing 

building stock. The model was then expanded upon, through the adjustment of key variables 

(e.g. policy changes), where the working group alternative scenarios (status quo, rigid, stagnant 

city, green wash and green growth scenarios) were assessed based on sensitivity analysis of the 

CO2 models, for future uncertainty. The simulated modelling validated the selection of the 

High Green Growth scenario as the desired future, having the greatest potential to reach the 

working group’s recommended carbon reduction targets. Furthermore, the model simulated 

and quantified the impact that the working group recommended policy intervention measures 

had on the energy demand of the future building stock. In doing so, it aided and validated the 

working group’s decision on how to develop a long-term strategy for encouraging investment 

in the energy upgrade of the existing commercial office building stock. 

 

Chapter 7 brings together both conclusions reached during the working group and London 

specific data analysis in the production of a conceptual framework on how the High Green 

Growth or desired future emerges. It does so to determine what instruments (such as policy 

measures) would require implementation in order to reach the desired future. Once developed, 

the implications and consequence of the High Green Growth scenario were assessed through 

presenting both the CO2 model and conceptual framework to experts (original working group 

participants), with an understanding of different stakeholders’ priorities for feedback. In doing 

so, the research incorporated validating and refinement in the production of the conceptual 

framework on how to make the existing building stock more energy efficient, meeting the 

energy demand of building users without compromising the ability of future generations to 

meet their own needs. 

 

Finally, chapter 8 reflects on the key research outputs and places them into context, examining 

and discussing their implications for future policy direction and addressing the empirical 

contribution of this research. The conclusive chapter also contains suggestions for future work 

that can be conducted within this area, alongside critically reflecting on the completed work.   
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Chapter 2 

Environmental Policy & Energy Performance Indicators  
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2.1 Introduction  

 

The first chapter (Chapter 1) introduced the reader to the research by briefly outlining the 

research origins, aims and objectives, context and motivation.  Furthermore, the introductory 

chapter outlined the theoretical and practical justification and the overarching philosophy and 

methods used in this study, as well as the structure of the research. Chapter 2 is the first of two 

literature review chapters that present a narrative review of scholarly papers on the subject 

topic and which aims to establish the context of the research. Chapter 2 commences with a 

review of literature on previous building stock renovation. Analysis takes place on current 

energy efficient policy, with the aim of assessing theory and guidance on how to achieve a low 

CO2, energy efficient, building stock, future. The literature reviews indicators that identify 

buildings’ energy performance and assesses whether discrepancies exist that may cause 

confusion when using existing environmental performance labels. 

 

 Figure 2.1 Overview, Structure of Chapter 2 
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Sections 2.2 and 2.3 provide a rationale for investing in an energy efficient building stock and 

the need for change on how the existing building stock operates. This moves into an 

examination of literature that assesses energy efficiency in the Built Environment and the 

upgrade potential that exists in the existing building stock (in section 2.4). Section 2.5 assesses 

the energy demand from the existing building stock and the potential that exists to help the 

government reach its 2050 climate change targets. Section 2.6 critically reviews the 

development of UK policy and how the government has utilised regulatory instruments in 

promoting building energy efficiency. The review then reflects upon EU guidelines (in section 

2.7) on how a policy mix can be utilised to drive change towards energy efficiency. Section 2.8 

assesses the future challenges on how to achieve an energy efficient building stock, with the 

aim of identifying a framework (during the empirical work) that incorporates the removal of 

barriers and the utilisation of drivers of change, towards a low carbon future. Sections 2.9 to 

2.13 assess the differing energy labels that exist and how the EU has allowed both asset ratings 

and operating ratings to be utilised when identifying buildings’ environmental performance. 

The literature reviews the distinctive features of each. Furthermore, it examines research that 

tries to identify the causes of ‘the energy performance gap’ between performance indicators 

(normally issued during the design stage), and the actual energy use of a building, during its 

operation. This analysis was important, as both industry (rent & price, green premium) and 

policy makers (MEES) are starting to rely on these performance indicators in both 

benchmarking properties against one another and in setting minimum industry standards.  

 

2.2 Finite Reserves and Energy Security 

 

Global energy demand projections anticipate continued growth, with annual consumption 

predicted to reach 778 ETTA Joules by 2035 (Rafiee & Khalilpour, 2019). A report entitled 

‘The International Energy Demand’ published by EIA (2011) identify that energy demand has 

increased steadily since the 1990’s and will continue to rise despite recent economic crises 

(European Sovereign Depth, 2009-2019).  This is down to continued economic growth in non-

OECD nations, such as India and China, as well as the expansion in population throughout the 

world. The richest countries continue to consume, on average, 10 times (energy, natural 

resources) as much of the available resources as the poorest and twice as much as the world’s 

average. However, this imbalance in consumption is starting to be rectified, as a result of an 

increase in living standards, globalisation, and income rises in poorer nations.  As poorer 
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nations’ consumption continues to rise, energy demand alongside natural resources are needed 

to achieve a more affluent lifestyle (Diamond, 2018). This ever-growing demand for energy, 

produced from finite natural sources (coal, oil, gas), has resulted in increased competition and 

in national governments prioritising energy costs and energy security over sustainability (Toke 

& Vezirgiannidou, 2013). 

 

The decline in coal production, and gas and oil extraction and exploration in the North Sea, has 

led to the UK becoming a net importer of fossil fuels and becoming increasingly reliant on 

importing energy (British Gas, 2019). The dependency on imports of raw material used in 

energy production from OPEC countries (Saudi Arabia) and Russia highlights the potential to 

create serious problems in national security. This would then leave the UK open to the 

possibility of unequal trade from international suppliers and at risk of volatile and higher fuel 

prices. The UK government has committed to policies directed towards lowering energy costs 

and energy security (BBC, 2016).  The UKERC (2018) produced a report in which it 

recommends strategies to secure the UK’s energy future. The report highlights the importance 

of improving energy efficiency, alongside prioritising energy demand reduction. It highlights 

the role each can play in reducing the UK’s exposure to future risks, such as price shocks and 

energy shortage, as part of an overall energy security strategy (UKERC, 2018). The investment 

in energy efficiency, not only reduces the demand for imported fossil fuels (gas, oil), reducing 

aforementioned future risks (higher fuel prices, unequal trade), but also provides a mitigation 

strategy for climate change.  

 

2.3 Global Warming 

 

The terms ‘global warming’ and ‘climate change’ are often used interchangeably. However, 

global warming refers to the earth’s rising surface temperatures, while the term climate change 

includes both the warnings and the side effects of these warnings (i.e. drought, melting glaciers) 

(Kennedy & Lindsey, 2015). These terms commonly refer to the observed and continuing 

increase in average air and ocean temperatures since 1900, caused mainly by the emission of 

greenhouse gases in a modern industrial economy (Katharine & Planton, 2014). The observed 

changes in climate change see an average combined land and ocean surface temperature change 

of -0.5 to 0.15 ˚c per decade, over a 15-year time frame (1998-2012). This is almost twice the 

figure, when compared to a 100-year period (1906-2005), with Hartmann et al., (2013) 
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identifying the time period between 1983-2015 as likely to be the warmest in the last 800 years, 

in the Northern Hemisphere.  

 

The most significant pollutant originating from human activity is carbon dioxide (CO2) and is 

the most widely known gas to contribute to global warming (DECC, 2012), with most CO2 

emissions coming from the burning of fossil fuels (Le Quéré, et al., 2013). Other GHGs include 

methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC), perfluorocarbons (PFC), and 

sulphur hexafluoride (SF6). Levels of CO2 in the atmosphere are steadily rising and if this is to 

continue, an excess of these dangerous gases into the atmosphere will likely lead to irreversible 

climate change. Furthermore, there is a possibility of a so-called negative feedback loop, in 

which climate change may become irreversible even with or without human intervention 

(Solomon, et al., 2009). Annual emissions from various sectors of the economy (buildings, 

transport, energy supply, industry) have increased by approximately 80% between the years 

1970 and 2004 (IPCC, 2014). Furthermore, global annual mean CO2 concentrations have also 

increased (by 45%+) since the beginning of the Industrial Revolution. This increase is from an 

estimated 280 ppm during the 10,000 years up to the mid-18th century to 415 ppm as of May 

2019 (Eggleton, 2013, Dlugokencky, 2016), with the present concentration amounting to its 

highest for 14 million years (Zhang et al., 2013). This increase came about as a result of human 

activities, particularly the burning of fossil fuels in the production of energy. This increase of 

CO2 alongside other long-lived greenhouse gases in the Earth's atmosphere (CH4, N2O, HFC, 

PFC and SF6) has contributed to the current episode of global warming.  

 

The continued increased concentration levels of greenhouse gasses into the atmosphere will 

further increase global temperatures. The impact from this increase in temperature includes 

prolonged droughts, flooding, intense heat waves, irregular weather patterns, all resulting in 

the extinction of species, health issues and shortage in food production (Cramer, 2014). It is 

therefore important to reduce the GHG content in the way energy is produced and used, 

specifically the use of fossil fuels that emit CO2 emissions into the atmosphere.  
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2.4 Energy Efficiency in the Built Environment 

 

Common interests in the area of energy efficiency have led both the EU and UK to invest in 

and carry out research on the built environment. Examples of projects that analyse the energy 

upgrade potential from the existing building stock include the EU Office project (Santamouris 

et al., 2002), IEA, EBC projects (Jagpal, 2006. Zhivov, 2013), the Cost-Effective project 

(Kuhn, 2013), and the iNSPiRe project (Fedrizzi, 2016). Hestnes, et al. (2002) carried out 

research into a variety of retrofitting strategies for commercial offices, in ten different locations 

across Europe. Hestnes, et al. (2002) found that there was a substantial potential for the 

reduction in purchased energy within existing buildings. Dascalki & Santamouris (2002) also 

assessed the energy saving potential within the same project (EU Office project) using five 

different office building types, within four European climate regions. However, the scope of 

Dascalki & Santamouris (2002) was limited to economic aspects and EU members pre-2004. 

Research by Kuhn (2013) into the cost-effective energy upgrade of high rise, non-domestic 

buildings, focused on façade integrated energy systems which included solar collectors, 

integrated photovoltaics, solar thermal heat pumps and ventilation with heat recovery 

technology. Kuhn’s (2013) research had a large scope, which included Life Cycle Assessment 

(LCA) of businesses, technology advances in buildings and cost analysis of investment. This 

iNSPiRe project’s aim was to develop both commercial and residential deep energy renovation 

solutions to achieve a primary energy use (after renovation) of 50 kWh/m2y, from combined: 

space heating, cooling, lighting and ventilation within buildings. This deep energy renovation 

analysis was based on simulating high energy consuming buildings with adjustments to 

existing building façade (additional insulation) and energy usage, based on data from EU public 

buildings (Fedrizzi, et al., 2016). 

 

Several researchers utilised Life Cycle Assessment (LCA), in assessing the energy saving 

potential from renovation existing buildings. The LCA methodology evolved throughout the 

1970’s and 1980’s and has been utilised primarily in assessing the environmental impact of 

buildings (Cabeza, et al., 2014). Several studies focused on residential buildings (Dong, et al., 

2005; Vrijders, et al., 2012; Gustafsson, et al., 2016) however, these take a similar approach to 

non-domestic research in assessing the cost/benefits of investing in deep energy retrofitting.  

For instance, they compare investment in fabric upgrades and services, to return on investment 

based on financial returns, and CO2 reduction over the building life cycle.  Research assessing 
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the deep energy renovating of six the non-domestic public buildings (Ardente, et al., 2011) 

found upgrading the external façade (additional insulation) was the most environmentally 

beneficial measure. This was followed by new airtight/thermal bridge free, windows and 

replacing of existing lighting with energy efficient lighting. Research carried out on 

commercial offices (Liu, et al., 2016) in tropic climates found that office space cooling using 

chilled ceiling panels was viable from an LCA perspective. While Azari (2014) found that 

adjustments that resulted in low window to wall ratio, alongside upgrading buildings external 

fabric insulation, were the most cost efficient investment from a LCA perspective. 

Furthermore, Azari (2014) found that the operational phase of a building’s life cycle had the 

largest environnomental impact, which reflected research findings from most LCA studies 

(Ochoa, et al., 2005; Klein, et al., 2011). 

 

Valdiserri & Biserni (2016) carried out research evaluating the economic energy saving 

potential of retrofitting building envelopes. Valdiserri & Biserni (2016) found that government 

policies on climate change alongside buildings’ location had a significant influence on the 

payback period. This was expanded upon by Song, et al. (2017) who analysed the influence of 

a variety of different (six) envelope parameters (variety of differing insulation) and their 

influence on the thermal performance of a building envelope. Song, et al. (2017) concluded 

that the infiltration and the thermal performance of exterior walls, as well as windows, are 

important parameters affecting the cooling load of buildings. Gustafsson, et al.’s (2017) 

research (which evaluated energy renovation packages based on LCA of EU commercial 

offices), found that renovation could reduce building energy consumption by as much as 77% 

alongside reduce operating costs by 19% over a 30-year period. Research (Knissel, 1999) has 

identified that significant energy demand and carbon emissions can be reduced by as much as 

80% through low cost intervention (upgrade-air conditioning, ventilation, office equipment, 

lighting, technology, hot water, heating and building fabric).  This figure can be further 

improved as technology advances, with Mulville, et al. (2014) advocating that this figure can 

be advanced through the introduction of effective management and occupier behaviour change.  

 

2.5 Energy Demand and the Existing Building Stock 

 

The buildings sector accounted for 31% of the total global final-energy use, accounting also 

for 54% of global final-electricity demand (Edelstein, 2018). Taking upstream electricity 
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generation into account, buildings are responsible for 23% of global energy related CO2 

emissions, of which one-third are from direct fossil fuel consumption (IEA, 2017). At a EU 

level, around 40% of the final energy use is accounted for by buildings (EU, 2010). Past growth 

in energy consumption has been driven by both population and economic growth. This came 

about as a result of improved access to electricity and higher use of electrical appliances such 

as space heating and cooling, which has resulted in an increase in living standards (Lucon et 

al., 2014). Environmental policy and carbon reduction strategies tend to focus on legislating 

for energy efficient new builds and the development of strategies for residential energy efficient 

interventions, which has resulted in a policy vacuum when it comes to the non-domestic 

building stock. The trend in new builds has been towards better energy performance (Birchall, 

et al., 2014) and it is now possible to build homes that are self-sufficient in their energy needs 

(Passive House & NZEB standards). Several research papers (Carbon Trust, 2009; London 

Office Floor Space Projections, 2014; VOA, 2015) identify that approximately 80% of the 

current stock pre-dates the 1980’s, built between the wars, in an era before the relationship 

between buildings and local climatic variations were properly understood. This means that the 

existing building stock has a high potential to improve its energy efficiency, through investing 

in deep energy retrofits, or the demolition and replacement of high energy consuming 

buildings. Thus, renovating is an important measure for reducing the energy demand from the 

building stock (IPCC, 2007), through combined upgrade of existing building fabric, efficient 

on-site energy generation, and the introduction of technology that reduces buildings’ carbon 

emissions.  

 

In terms of energy use within buildings, space heating accounts for the largest portion of energy 

consumption, followed by lighting, cooling and ventilating and water heating. The residential 

building stock is, on average, 15 times larger than the office building stock with respect to 

heated floor area (Birchall, 2014). Previous research (Cooper, 2012 ) and government policy 

geared towards energy efficiency tends to focus on residential buildings. However, with nearly 

1 billion m2 heated buildings throughout Europe, commercial offices represent the largest 

portion of non-domestic energy consuming buildings. The average energy use in offices is 

232kWhm2/y, out of which 69% is accounted for in the heating of buildings, 11% for lighting, 

9% for cooling, while 4% is for hot water preparation (Birchall, 2014). Research (Roberts, 

2008, Long, et al., 2010; Aksamija, 2016) has identified low cost interventions that result in 
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retrofitting existing buildings to NZEB and carbon neutral standards, achieving figures less 

than 125 kWh/m2/yr (NZEB standard).  

 

In a UK context, there are more than 1.83 million non-residential buildings in England and 

Wales responsible for 47% of the total energy use or 76.24tWh of energy consumption per 

annum, equivalent to 39.64 tCO2 emissions (DBEIS, 2016). These figures are exacerbated in 

London, where homes and workplaces account for around 78% of CO2 emissions, of which 

80% of these existing buildings are expected to be in place by 2050 (AECOM, 2018). If the 

existing real estate industry were to reduce its use of energy, there would be a significant 

contribution to the stabilisation of the global energy demand and greenhouse gas pollution 

(Carbon Trust, 2009). Similar to the EU, energy efficiency policies in the UK have traditionally 

focused on the domestic and industrial sectors, which has resulted in a tendency to overlook 

the service sector (finance, business services, legal, media & tech), who is the main occupier 

of commercial office buildings in London (Cushman & Wakefield, 2018). This lack of specific 

policy direction is reflected in the way energy consumption data is compiled. In the annual sub-

national Energy Statistics (published by the Department for Business, Energy & Industrial 

Strategy), commercial services are included under industrial and services sectors, whereas the 

domestic building stock energy consumption data is recorded under its own heading. This has 

resulted in a knowledge gap in this area when trying to quantify data on energy consumption 

and when trying to propose solutions for energy efficient interventions directed at realising a 

low carbon future.  

 

Over the last 30 years, there has been a significant increase in energy demand from offices due 

to the rise in the use of technologies such as large computers and the increased use of air 

conditioning systems (Wade, et al., 2003). This additional energy demand has added cost to 

the occupier and added to the carbon impact on the environment. The legally binding targets 

set in the Climate Change Act (2008) present a need to address the impact of this additional 

energy demand, especially within the less efficient existing building stock. To become more 

energy efficient, buildings need to use less energy and produce minimum CO2 to undertake the 

same tasks (IEA, 2017). Knissel (1999) identifies that significant energy demand and carbon 

emissions reduce by as much as 80% through low cost intervention (upgrade-air conditioning, 

ventilation, office equipment, lighting, technology, hot water, heating and building fabric).  

This figure can be further improved as technology advances, with Mulville, et al. (2014) 
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advocating that this figure can be increased through the introduction of effective management 

and occupier behaviour change. The Energy Review (PIU, 2002) highlights a need to improve 

energy efficiency in buildings and recommends action to deliver a phased transition towards a 

low energy consuming building stock through the tightening of existing environmental 

legislation (Building Regulations, MEES) (Wade et al., 2003). Energy is one of the largest 

controllable overheads in office buildings, which means there are many opportunities to make 

savings (Osaji, et al., 2007). Reducing energy consumption, not only saves money, but can also 

lead to improved working conditions, which can then increase staff productivity (Eichholtz et 

al., 2010). In addition, the environment will benefit from reductions in energy use and carbon 

emissions, which thus enhances corporate reputation. 

   

This research focuses on a subset of non-domestic commercial sector buildings, specifically 

commercial office buildings in London. However, when the London EUI figures are compared 

to a larger population of non-domestic office building stock, it is evident that data can be 

generalized to the larger population. Both the Centre for Sustainable Energy and the CIBSE 

subdivide the non-domestic building stock based on activity (industrial premises, retail outlet, 

office premises, health care, leisure, community facility, defence, also see CIBSE TM46). 

Mortimer et al. (1999) identify the importance of subdividing non-domestic buildings based on 

activity, as it allows buildings to be benchmarked based on energy and CO2 emissions 

(quantified on a kWh or kgCO2/m
2 bases). Commercial office space is estimated to be growing 

twice as quickly as any other non-domestic sectors (Green Construction Board, 2013) and its 

energy use and emissions are therefore especially significant. In the commercial office sector, 

attention has been drawn to the ‘unnecessarily’ high energy demands (compared with known 

alternatives) and therefore high environmental impact of office buildings (Guy, 1998). This has 

led to both the EU and the Greater London Authority (GLA) setting ambitious targets aimed at 

reducing existing carbon emissions from the existing building stock. The Energy Efficiency 

Directive (EED 2012/27/EU) recommends an annual renovation and replacement rate target of 

3% for buildings owned and occupied by the central government. Article 5 of the Directive 

focuses on deep energy renovations. The Greater London Authority has also set a target of 

reducing carbon emissions from the existing building stock by 60% by 2025 (RE:FIT 

programme GLA, 2019), culminating in a zero carbon target (or 100% reduction) by 2050. 

This is evident in the London Plan, where retrofitting and the energy upgrade of the existing 

https://www.tandfonline.com/doi/full/10.1080/09613218.2017.1333351
https://www.tandfonline.com/doi/full/10.1080/09613218.2017.1333351
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non-domestic building stock forms a key strategy for future investment (see policy 5.4, London 

Plan, 2018).  

 

2.6 Policy Interventions to reduce CO2 Emissions from Buildings 

 

Valdiserri & Biserni (2016) identified that government policies on climate change have an 

influence on the success of any energy efficient or low carbon interventions. In addition, 

international, European, and UK environment policy has evolved, from the oil crisis in the 

1970’s, to concerns on climate change and on pollution levels threatening the survival of the 

human species in the 2010’s. The importance of this focus can be seen by the high regard that 

the global community places on these problems in recent years. At the UN Conference on 

Environment and Development in Rio, 1992, over 100 heads of states attended, representing 

179 governments, who committed themselves to an agenda for addressing the problem of 

climate change. In 2002, 109 governments were represented at the Rio+10 conference in 

Johannesburg and vowed to continue the focus on what they considered an important area. 

More recently, the Kyoto Protocol regarding carbon emissions has been ratified by most of the 

countries of the world. Furthermore, the Copenhagen World Summit in 2009 on climate 

change, and the Paris Agreement 2015, has committed signatory countries to an accord to 

prevent the rise in global temperature going beyond a further 2˚C (however, not legally 

binding) which is the maximum the world can accommodate without major catastrophe. Over 

the past 10 years, the European Union has committed a substantial proportion of its research 

and development monies towards energy efficiency investment. In addition, the majority of 

governments that have a national research programme have also committed funds to the cause. 

In a UK context, the government has committed to cutting carbon emissions, with policies now 

directed towards energy costs and energy security (BBC, 2016). 
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Figure 2.2 Summary of the development of UK policy on Energy Efficiency 2000-2015                             

(Rosenow, et al., 2016; Mallaburn & Eyre, 2013; Kern, et al. 2017) 

 

Figure 2.2 summarises the development of UK building energy efficient policy between the 

years 2000 and 2015.  The analysis shows that there is a level of awareness amongst policy 

makers that a policy mix is required to direct change (examples include: DEFRA, 2004; DTI, 

2006; HMG, 2011, DECC, 2012). This policy mix includes instrument targeting: electricity 

use and heating, differing groups (public sector, householders, industry), and new and more 

recently existing buildings. These instruments targeting energy efficiency include regulation, 

funding, loans, information campaigns, procurement methods, alongside voluntary 

instruments. The initial emphasis, directing energy efficiency, was on voluntary measures such 

as the Code for Sustainable Homes and Climate Change Agreements. The policy direction 

seems to have been driven by the Conservative party’s ideology that markets, not the 

government (or the taxpayer), should pay for energy efficiency measures. This was evident 

through their deregulation policies in the 1980’s and 1990’s (e.g. Electricity Act, 1989). Early 
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energy efficient policy (see Figure 2.2) seems to place more weight on markets to deliver 

energy efficiency measures based on voluntary action by the consumer, rather than on 

government intervention and energy supplier obligation (Mallaburn & Eyre, 2013). However, 

recent changes brought about by the EU’s drive towards increasing energy efficiency (EBPD 

2010/31/EU) now requires member states to introduce long term building renovation strategies, 

which has directed the UK government towards a more regulatory approach. This includes the 

strengthening of building regulations and placing obligations on electricity or heating suppliers, 

to intervene in the case of low-income householders. Market based instruments (charges & 

taxes, subsidies, tradable emission permits, deposit refund scheme) have also being introduced 

and examples include the (revised) Green Deal, offering loans for energy efficient investment.  

 

Residential buildings make up the bulk of existing buildings in the UK (Birchall, 2014), which 

has led to policy makers focusing on the introduction of instruments to improve energy 

efficiency in this area. This consisted of promoting the upgrade of insulation (walls, roof space) 

and upgrading of boilers in existing properties, through the introduction of regulation, subsidies 

and loans (Home Energy Efficiency scheme). However, retrofitting has proved challenging, as 

homeowners are often faced with balancing improvements in the building fabric, with a range 

of heritage and aesthetic concerns (Sunikka-Blank & Galvin, 2016). The Energy Efficiency 

Action Plans (2004, 2007) identify supplier obligations as the principal policy mechanism that 

can deliver energy efficient from the existing building stock, specifically in the domestic sector 

(Rosenow, 2011). Figure 2.2 identifies a succession of these supplier obligation schemes 

(Energy Efficiency Standards of Performance (EESoP), Energy Efficiency Commitment 

(EEC1 and EEC2), the Carbon Emission Reduction Commitment (CERT), and the Energy 

Companies Obligation (ECO)). The schemes prioritised low income households and targeted 

fuel poverty. Several of these initiatives can also be applied to the commercial building stock. 

Bastian (2012) found that office buildings have usage parameters that make it even easier to 

reach low energy demand for heating energy after retrofits when compared to residential 

buildings.  The government has introduced the Minimum Energy Efficiency Standards (MEES) 

as the main instrument to improve energy efficiency of the UK’s oldest building stock (DBUK, 

2018), with the aim of helping deliver CO2 reduction targets. Introduced in April 2018 under 

the Energy Act 2011, existing tenancies cannot be renewed, or new tenancies granted, unless a 

building (private rented, commercial properties) has obtained a minimum EPC rating, currently 

set at E rated. However, interpreting the wording in the Energy Act 2011 (tenancies) means 
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that owner occupied properties are, in effect, excluded (until 2023) from achieving the 

minimum standard. For leased properties, owners are generally responsible (subject to lease 

agreement) for policy compliance, which may present problems, as occupiers are the main 

beneficiaries from investing in energy efficiency (see discussion on split incentives). However, 

although uncertainty exists with respect to the impact of the MEES, it is estimated that 18% of 

all commercial properties are below this threshold and will thus need to be upgraded before the 

end of the transitional period 2018-2023 (DBEIS, 2017). 

 

Regulatory instruments such as building regulations have been identified as the primary focus 

of government energy efficient policy for new builds. This set minimum energy efficient 

standards (benchmark buildings) based on buildings’ design intent, in Part L of the building 

regulations. These regulations have been updated and tightened on several occasions (in 2000, 

2005, 2006, 2010, and 2013). The government has committed to all new public buildings being 

constructed to NZEB standards by 2020, in accordance with EPBD. Additional voluntary and 

informational measures have been introduced and used in a relatively limited way. These 

include the Climate Change Communications Initiative in 2005, alongside the ‘Act on CO2’ 

campaign introduced in 2007. Figure 2.2 summarises several instruments that have been added 

or removed between the years 2000-2015 that focus on UK energy efficiency policy in the built 

environment. These include 50 different instruments introduced over this time period, while 22 

instruments have since been removed. Figure 2.2 identifies, firstly, that energy efficiency has 

increased in importance over time, with a variety of new policy and initiatives being 

introduced. This can be seen as evidence of a targeted and increasingly comprehensive policy 

mix. Secondly, while several instruments have come to an end (EESoP), there seems to be a 

persistent approach to extending or rebranding existing policy with similar schemes, over the 

last 15 years (EESoP replaced with EEC1 in 2002, then replaced with EEC2 in 2005 and CERT 

in 2008 and ECO in 2013). This has resulted in uncertainty for stakeholders (investors, 

occupiers, local government) regarding government direction. Thirdly, the addition of new 

instruments (for example, seven new instruments in 2013-14) and conflicting policy (social 

and economic priorities) also increases the challenge of ensuring consistency in environmental 

policy. This is reflected in IEA reports (2002, 2006) that recommend rationalisation and better 

coordination of energy efficiency policy, if the government is to meet its carbon reduction 

targets (IEA, 2006; DECC, 2012).  
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The Climate Change Act 2008 pledges the UK to reducing CO2 emissions by 80% (in relation 

to 1990 levels) by the year 2050. The implementation plan includes a set of 5-year carbon 

reduction targets, from the years 2008 to 2032 (see Table 2.1), restricting the amount of GHG 

the UK can legally emit in each 5-year period. Figure 2.1 identifies both the CO2 targets, 

alongside an analysis on how the UK is progressing towards meeting these targets. The 

Committee on Climate Change (CCC, 2018) carried out analysis on progress of the 5-year 

plans and found that the UK government is on track to meeting its current CO2 reduction 

targets. However, uncertainty exists with respect to future targets. Current targets are being met 

largely as a result of a cleaner electricity mix, in which coal has been replaced with natural gas 

and renewables. In addition, this fuel mix is driven by the business and the industry sector 

(CarbonBrief, 2019).  

Table 2.1 Carbon Growth Strategy 

Carbon Budget targets for UK annual Carbon emission levels, as a percentage of 1990’s 

emissions 

Carbon Budget Target as % of 1990 level Results 

1st (2008 to 2012) 25% Target Met 

2nd (2013 to 2017) 31% Target Met 

3rd (2018 to 2022) 37% by 2020 On track to meet target 

4th (2023 to 2027) 51% by 2025 Not on track, however 94% 

of target expected to be met 

5th (2028 to 2032) 57% by 2030 Not on track, however 93% 

of target expected to be met 

(DBEIS, 2017) 

The Committee on Climate Change (CCC, 2018) identify that there has been a 15% decrease 

in energy demand from the buildings sector (in 2014). This has come about as a result of 

reduced heating demand, due to warmer winters (climate change impact). Table 2.1 identifies 

that the current CO2 emissions reduction are on track (to meet its short-term carbon budgets). 

However, the UK will need to increase its annual rate at which CO2 emissions are being 

reduced by at least 3%, if it is to meet its long-term aspirational reduction targets (CCC, 2018). 

In the property sector, this means the acceleration of net zero carbon for new buildings by 2020 

and refurbishing existing buildings to meet MEES (RICS, 2017). The Committee on Climate 

Change (CCC, 2015, 2018) CO2 impact assessment finds that the Renewable Heat Incentive 

(RHI) and the Carbon Emissions Reduction Target (CERT) for energy companies are 
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performing well. However, policies such as Part L of the Building Regulations are being 

undermined by the so called ‘energy performance gap’ between the predicted energy label and 

the actual energy use consumed by the building, during its operation, when CO2 emissions are 

compared (CCC, 2015, 2018). 

A report by the RICS (2017) identifies that there has been a significant reduction in the carbon 

footprint for new builds. However, this has been offset by the slow progress in retrofitting and 

the replacement rates (approximately 0.5% for domestic and 1% for non-domestic buildings 

per year, VOA 2015) of the existing building stock, as 75-85% of the current UK building 

stock are still expected to be in use by the year 2050 (AECOM, 2018).  The RICS (2017) 

identifies the need to introduce targeted environmental policy (energy efficiency) that will 

overcome technological (right mix of deep retrofits, for a diverse building stock), behavioral 

(training occupiers to use buildings in a CO2 responsible manner), and investment (removal of 

the split incentive) barriers, which are associated with a low carbon, deep retrofit project.  

Analysis on the effectiveness of policy instruments in reducing energy demand has found that 

despite the range of instruments used and variety of policy mix in existence today, building 

energy efficiency has not improved as fast as needed to meet long-term CO2 reduction targets 

(Lee, et al., 2014; CCC, 2016; NEEAPs, 2017), particularly with regards to the existing non-

domestic building stock (CCC, 2016). The Climate Change Committee (2016) found that 

annual rates of cavity wall and loft insulation between the years 2013 to 2015 were 60% down 

and 90% down, respectively, on annual rates between the years 2008-2012 (Costantini, et al., 

2015). This was attributed to the fact that the government had not succeeded in raising demand 

drivers and awareness of the importance of energy efficiency by consumers (Kern, et al., 2017). 

Kern, et al. (2017) identified that this is being further compromised as a result of cuts in funding 

to key information providers such as the Carbon Trust and the Energy Saving Trust. While the 

government has the ability to introduce new initiatives, consumer (occupiers, landlords) 

inability to understand and appreciate the importance of energy efficiency will result in a lack 

of demand for upgrading (specifically with respect to voluntary instruments). The CCC (2016) 

advocated that there is a need for ‘clear, consistent and credible policies’ that are attractive to 

owners and landlords of both homes and workplaces. The introduction of an information 

campaign may have the ability to overcome behavioural barriers, alongside building skill sets 

and supply chains for the deep energy renovation of the existing building stock (CCC, 2016).  
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The Department of Energy and Climate Change (DECC) published an Energy Bill Impact 

Assessment in December 2010 (DECC, 2010), where they carried out modelling on expected 

carbon and energy savings as a result of the Green Deal (now relaunched under private 

ownership) and Climate Change Act 2008. The modelling consisted of two scenarios, where 

the DECC assumed take-up of measures over a business as usual scenario of 10% low case and 

20% in the high case. They estimated a reduction of 1.2 MtCO2 in the low scenario and 2.3 

MtCO2 in the high scenario (DECC, 2010).  These savings are well below previous 

expectations (Carbon Trust, 2009) and will significantly fall short if the government are to meet 

their CO2 and energy efficient targets by the year 2020. The Energy Bill Impact Assessment 

report, carried out by AEA technologies on behalf of DECC, estimated that there was a 

7.8MtCO2 carbon emission cost effective abatement potential within the unconstrained sector 

(AEA, 2010). Other assessments carried out on behalf of the government such as that by the 

Department of Business, Innovation and Skills, estimate carbon abatement opportunities for 

small businesses at 5.7 MtCO2 (DBIS, 2010). Further studies by the Carbon Trust estimate that 

an 80% reduction in carbon emissions can be achieved by the year 2050, reducing emissions 

from an average, in 2009, of 110kg CO2/m
2 to 15kg CO2/m

2 (Carbon Trust, 2009). There are 

significant challenges ahead with respect to policy and legislation changes that will need to be 

addressed to develop a successful energy efficient non-domestic building stock. These 

challenges consist of the low take up of government incentives such as the Green Deal 

(scrapped in 2015 and now relaunched under private ownership) and Green Banking.  The non-

domestic sector will need to overcome the existing paradox that, despite the existence of energy 

efficiency measures that are capable of delivering payback savings in excess of installation 

costs and quick payback periods, the current level of take up by businesses is very low (DECC, 

2010). This may be in part related to a number of factors such as the uncertainty around the 

transaction costs to be incurred and potential savings to be accrued (Ecofys, 2009).  

 

Analysis of Figure 2.2 finds that a comprehensive, targeted policy mix exists today. However, 

there appears to be gaps that have resulted in a non-uniform approach towards energy 

efficiency. The increasingly complex mix of environmental policy (which has been added to 

over the years) poses challenges in terms of coordinating a deep energy retrofit project. 

Previous research (Kemp & Pontoglio, 2011) has identified that rapid fluctuation in policy (as 

can be seen between the years 2011-2015) can slow innovation decisions. This is particularly 

the case with respect to a high energy consuming building stock, which needs several decades 
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of consolidated policy to realise change. The existing non-uniform approach has resulted in 

uncertainty for stakeholders in government direction. The uncertainty that exists with respect 

to government direction on how it plans to achieve CO2 reduction targets has led to businesses 

and individual organisations delaying spending and investment in energy efficiency until this 

uncertainty has been resolved (Kern, et al., 2017). Furthermore, limited analysis has been 

carried out assessing the overall impact of the policy mix rather than individual instruments. 

There are also gaps in accessible data on the existing building stock and the ability to assess 

in-use performance (MEES linked to EPC labels), as instruments that demonstrate compliance 

seem to focus on design intent (rather than in-use performance). However, although the UK 

has signed up to legally binding, ambitious, 2050, CO2 reduction targets, shortfalls exist on 

how to identify a pathway to realise such targets. The UK ranks 14th out of 28 EU countries 

when it comes to the progress in fighting climate change (CANE, 2018). This may be a result 

of the UK having the oldest (domestic and non-domestic) building stock in the EU, in which 

the majority of buildings are approaching 100 years old (DECC, 2014). Alternatively, this may 

have emerged as a result of rapid fluctuations in environment policy (Kemp & Pontoglio, 

2011), where the UK government is continuously introducing additional policies (all of which 

have differing priorities) in order to meet EU targets. 

 

2.7 EU Instruments Targeting Energy Efficiency 

 

Much of the policy action throughout the EU has been stimulated by the EU’s drive towards 

increasing energy efficiency, particularly through the introduction of both the 2012 Energy 

Efficiency Directive and the 2010 European Building Energy Performance Directive (Noailly, 

2012). Both directives build upon the original Directive 2002/91/EU, in focusing on improving 

energy efficiency. Most of this is expected to be achieved through efficiency improvements 

and reducing energy demand in buildings (Rosenow, et al., 2016). Despite having the same EU 

directives applicable across 28 countries, each country has rather different policy mixes, 

introduced to try to achieve building energy efficiency. While the directives are legal acts, 

which required member states to achieve a particular result, it does not dictate means of 

achieving that results. The directives allow flexibility for member states to introduce their own 

measures on how to achieve the objectives set out in the EU directives.  
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Energy demand from existing buildings faces different starting conditions, based on influences 

in history, geography, the availability of fuels and energy mix, conversion technologies and 

different cultural expectations and practices in each country (Rosenow, et al., 2016). However, 

the range of technologies and techniques of reducing energy demand and CO2 emissions in 

buildings (new/existing) is largely the same across the EU. The starting point has an obvious 

influence on the maximum technical reduction in energy demand possible, in each country. For 

example, research by Mata, et al. (2013), on the Swedish residential building stock, found that 

a maximum energy demand reduction of 53% was possible. Ballarini, et al. (2014) carried out 

similar research in Italy and found a potential energy savings of 77% was possible. This was 

due to the poor quality of existing housing in the Piedmont region. In a UK context, the Carbon 

Trust (2009) found that 70-75% CO2 reductions could be achieved by 2050 at no net cost, by 

using options that exist today. This was based on the fact that 80% of the current UK building 

stock pre-dates the 1980’s, built between the wars, in an era before the relationship between 

buildings and local climatic variations were properly understood (Carbon Trust, 2009; London 

Office Floor Space Projections, 2014; VOA, 2015). In the early 2010’s, EU member states 

were able to choose from a range of policy instruments in order to deliver energy efficiency 

savings, with respect to the building stock. Article 7 (compliance) of the EPBD (2012/27/EU) 

identifies a range of instruments that can be used by each member state. These include the 

introduction of grants, loans, energy/CO2 taxes, energy efficient obligations, on-bill finances, 

tax rebates, regulation (building regulations), voluntary agreements, standards (for 

services/products), and energy labelling schemes.  

 

The different instruments (under Article 7, EPBD) can deliver similar interventions from an 

end user’s perspective. This is evident when analysing instruments such as Energy Efficiency 

Obligations, grants, and tax rebates, as all offer purchase subsidies to end users (Rosenow, et 

al., 2016). Policies may differ significantly with respect to terms of the total cost, private versus 

public intervention/costs, equity, or responsibility for delivering policy. However, analysis on 

how policy mix influences change is key, as it identifies the drivers that result in change. 

Analysis of the most common policy instruments used by governments throughout the EU by 

Rosenow, et al. (2016) found that all EU countries incorporate a variety of policy mixes. Grants 

accounted for the largest (35%) part of the policy mix, followed by regulations (17%) loans 

(16%),  EEOs (at 10%), tax rebates (at 8%), info, advice billing feedback smart metering (8%), 

and voluntary agreements (6%) with respect to the non-residential building sector.  
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Table 2.2 EU Policy Instruments, Functions & Examples on how each is introduced in the UK 

Policy 

Instruments 

Policy Function Theory of 

Change 

Behaviour 

Type 

UK Examples 

Taxes  

(energy or CO2) 

To increase the 

price of energy or 

carbon-based 

energy in line with 

the polluter pays 

principle  

Response to 

economic 

incentives 

(dependent 

on elasticity 

of demand)  

Purchase & 

Habitual 

 

Climate Change Levy 

(CCL) CRC-EES  

Fuel Duty 

CO2 trading scheme CO2 

floor tax, stamp duty 

Energy Efficient 

Obligations 

(EEO’s) 

To reduce the price 

of energy efficient 

options (UK model)  

Response to 

economic 

incentives  

 

Purchase 

 

EESoP,  

Warm Front scheme,  

Energy Efficiency 

Commitment (EEC),  

Carbon Emission 

Reduction Target 

(CERT), Community 

Energy Saving 

Programme (CESP),  

Green Deal,  

Energy Company 

Obligation (ECO)  

(ECO 2)  

The Green Deal re-

launched privately  

Grants To reduce the price 

of energy efficient 

options  

Response to 

economic 

incentives  

Purchase 

 

Energy Grants by ARA 

for the uptake of 

renewable energy 

Tax Rebates To reduce the price 

of energy efficient 

options to taxpayers  

Response to 

economic 

incentives  

 

Purchase 

 

Enhanced Capital 

Allowances (ECA) for 

investing in energy 

efficient plant & 

machinery 

Loans To give people / 

organisations access 

to capital so they 

can buy energy 

efficient options  

Lack of 

access to 

capital / 

high cost of 

capital as a 

barrier to 

investment  

Purchase 

 

The Green Deal Finance 

Company (GDFC), 

Lloyds Bank (green 

lending initiative), 

RE:FIT programme 

On-Bill Finance  To give people / 

organisations access 

to capital so they 

can buy energy 

efficient options  

Lack of 

access to 

capital / 

high cost of 

capital as a 

barrier to 

investment  

Purchase 

 

Carbon and Energy Fund 

(CEF), 

LENDERS project, 

Energy Service 

Companies 

Regulation To set legally 

enforceable 

minimum standards 

Inefficient 

options no 

Purchase 

 

Part L of the Building 

Regulations, MEES 

under the energy act 
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Policy 

Instruments 

Policy Function Theory of 

Change 

Behaviour 

Type 

UK Examples 

of energy efficiency 

for products, 

vehicles & 

buildings  

longer 

available  

 

Voluntary 

Agreements 

To set minimum or 

fleet average 

standards of energy 

efficiency for 

products, vehicles, 

& buildings  

Inefficient 

options no 

longer 

available  

 

Purchase 

 

Zero-net-cost leases, 

Community Energy 

Saving programmes,  

 

Standards To enable other 

efficiency policies 

to work  

n/a Purchase 

 

Zero Carbon standards, 

Code for Sustainable 

Homes 

 

Energy Labelling 

Schemes  

To enable 

individuals and 

organisations to 

take account of 

energy in their 

purchase decision-

making  

Relevant 

information 

/ advice 

provided at 

the right 

time can 

influence 

choices  

Purchase 

 

EPC, DEC, BREEAM, 

MEES 

Information, 

Advice, Billing 

Feedback 

To enable 

individuals and 

organisations to 

take account of 

energy in their 

purchase decision-

making and/or 

habitual behaviours 

/ practices  

Relevant 

information/ 

advice 

provided at 

the right 

time can 

influence 

choices  

 

Purchase 

and/or habitual 

 

Energy Saving Trust or 

the Carbon Trust 

campaigns, Education Up 

skilling, Climate Change 

Communications 

Initiative, Act on CO2’ 

campaign    

 (Mallaburn & Eyre, 2014; Rosenow, et al., 2016; Kerna, et al., 2017) 

 

Table 2.2 provides an overview of the different policies instruments available under Article 7, 

of the EPBD. Rosenow, et al. (2016) summarises the different policies under their function, 

theory of change, and behaviour type (see Table 2.2). Most instruments available to 

governments solely affect purchase decisions, with two potentially influencing habitual 

behaviours. Energy Efficiency Obligations (EEOs) are classified as purchase subsidies, as they 

typically involve a financial contribution from the obligated parties (energy supplier) to the 

overall investment cost of energy efficiency improvements. The remaining costs are paid by 

the beneficiary (the occupier or landlord, subject to lease agreement). There are exceptions to 

this, however; for example, when EEOs target low-income customers (Rosenow et al., 2013), 
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most measures delivered by EEOs are only part-funded by the obligated parties (Rohde et al., 

2014). EEOs provide benefits and incentives to owners/occupiers to invest in energy efficient 

upgrades of their existing property. 

 

A better understanding of the effectiveness in different policy mixes available is of practical as 

well as theoretical concern. In order to meet their efficiency (CO2 reduction) targets, many 

countries have introduced additional policies into an already crowded policy space (ENSPOL 

2015), resulting in an increasing policy heterogeneity (Constantini et al., 2015). Recent analysis 

carried out on the National Energy Efficiency Action Plans (which describe how member states 

will meet their Energy Efficiency Directive targets) identifies that measures, to date, are 

inadequate to reach CO2 reduction targets and that further policies are required (Rosenow et 

al., 2015). As efficiency targets continue to become more stringent, the need for a well-

functioning policy mix will also increase (Rosenow, et al., 2016). 

 

Lee and Yik (2004) and Oikonomou and van der Gaast (2008) are some examples of early 

theoretical research, assessing a variety of policies used to direct energy efficiency in the built 

environment. However, their research was limited to theoretical expectations, undertaken using 

a cost-benefit framework. Thus, they fall short in assessing the interaction of policy 

instruments. Perrels, et al. (2006), Langniss & Klink (2006), Meran & Wittman (2008), and 

Del Río (2010) investigated the interactions between renewable energy support schemes and 

energy efficiency, focusing on whether different support schemes and design elements lead to 

differing results. The analysis, carried out from an abstract perspective, considers potential 

theoretical policy combinations, including their complementarities and trade-offs. Further 

studies by Oikonomou, et al. (2011, 2014) assessed renewable and energy efficiency policy, as 

well as climate and energy instrument combinations against a number of criteria. However, the 

level of detail in the aforementioned research does not assess the combination of a number of 

policy instruments in assessing the trade-offs between the variety of policy mixes used. Taking 

a slightly different approach, Geller & Nadel (1994) carried out research analysing the 

influence that policy mix has on market transformation, in which they focused on energy 

efficient products. Geller & Nadel (1994) found that four types of policies are used to obtain a 

higher level of energy efficiency products. Namely; financial incentives to stimulate early 

adaptors, efficiency codes and standards, market pushes and pulls to facilitate 

commercialisation, alongside research and development. This was expanded upon by Höfele 
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& Thomas (2011) and Tholen & Thomas (2011) who tried to establish a criteria for determining 

the effectiveness of energy efficient policy packages. They found 10 different criteria, which 

depended on both energy efficient technologies available and different stakeholders involved. 

However, they did not assess the interactions between the differing policy mixes.  

 

There is a small but growing emergence of literature that assesses the variety of policy mixes 

and their interactions as an energy efficiency instrument. Most of these assess the theoretical 

benefits of better integration. Larger scale projects, however, produce guidance that can be 

used by future policy makers. For example, Boonekamp (2006) developed a qualitative matrix 

that assessed the interaction effects between 15 energy efficiency instruments. This was later 

expanded upon by Rosenow et al. (2016) in their analysis of building energy efficiency 

instruments, in 14 different European countries. This focusses on pairwise interactions of 

instruments in one point in time. However, shortfalls exist in Boonekamp (2006) and Rosenow 

et al.’s (2016) research, in that they do not study the evolution of policy mixes over time and 

their research is limited to theoretical considerations. An OECD/IPECC report (OECD/IPEEC, 

2017) identifies a mix of policy geared towards renovating the existing building stock. The 

OECD/IPEEC (2017) report includes recommendations for improvements in CO2 reduction 

targets, disclosure of existing energy performance, linking finance to energy efficient savings, 

and having one stakeholder responsible for facilitating the process. The research methodology 

used across these studies utilises literature reviews, alongside expert judgement and, in several 

cases, both.  

 

Taking an empirical approach, Cunningham, et al. (2013) used case study analysis (on the 

French Agency for Environment and Energy Management approach), in which a high-level 

discussion took place, on the effectiveness of a mix of a variety of environmental policies.  

Shnapp (2015) carried out research assessing the effectiveness of a range of policy packages 

designed to encourage the renovation of buildings worldwide. Shnapp (2015) found that an 

ideal package could be developed in two stages; firstly, research in the form of desktop studies 

and, secondly, a review that incorporated local experts. Several research projects (Boonekamp, 

2006; Eichhammer, et al., 2012; Costantini, et al., 2015) utilised data observed from EU 

member states (MURE & IEA database). Boonekamp (2006) utilised the MURE database, 

assessing the interactions of a variety of energy efficient policies, in the Netherlands. The study 

assessed the benefits of combining policy instruments and whether this can lead to higher levels 

https://www.sciencedirect.com/topics/engineering/building-energy-efficiency
https://www.sciencedirect.com/topics/social-sciences/experts
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of energy savings (or lower), when compared to individual instruments. Eichhammer, et al. 

(2012) carried out an analysis (using MURE database) on the barrier of having high upfront 

costs when investing in energy efficiency upgrades. Eichhammer, et al. (2012) presents a 

‘coherent combinations’ of a variety of policy instruments that they believe will address these 

upfront costs. While Costantini, et al. (2015) researched the frequency and timings of 

introducing different energy efficient policy instruments, across OECD countries and found 

that an increase in policy heterogeneity of energy efficiency policy emerged, across the 

countries assessed.   

 

Energy use and efficiency seems to be the topic on which most studies are carried out, analysing 

the variety of policy mixes available. However, research is generally confined to identifying 

the mix of policy available and is limited to a theoretical examination of how these policies 

work together, to drive change. There is thus a lack of analysis on quantifying the energy 

efficiency improvements based on policy intervention. Analysis of literature on policy mix 

seems to identify problems (existing policy being updated, the introduction of new legislation 

simply to comply with EPBD) that have resulted in uncoordinated outcomes. This is 

exacerbated by the variety of conflicting goals from different stakeholders involved in the 

property market. Policy changes, over time, have often resulted in an unintegrated approach. 

Cunningham, et al. (2013) identified that policy mixes are usually not designed but instead 

emerge over time. The underlined assumption for determining interactions (from the theory of 

economic policy formation) states that there should be only one policy instrument per target, 

in order to avoid redundancies in a policy framework (Tinbergen, 1952; Tinbergen, 1954). As 

such, energy efficiency could be better driven through the introduction of one policy, where 

instruments work together to achieve a single target (or intermediate targets) such as 

quantifiable CO2 reductions.  

 

2.8 Barriers and Drivers towards an Energy Efficient Building Stock  

  

Brown (2001) identifies market failures and barriers as the basis for government intervention, 

to drive energy efficiency improvements, in the existing building stock. Brown (2001) 

identifies that it is economically viable to invest in the energy efficient upgrade of the existing 

building stock using current technology advances. However, adaption strategies have been 

limited and the rate of uptake is insufficient to reach EU low carbon roadmap targets. Table 
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2.3 identifies a summary of barriers (market failures & barriers) to low energy retrofit 

investment, identified by Brown (2001) and Georgiadou (2012). 

 

Table 2.3 Failures & Barriers that have led to a High Energy consuming Building Stock 

Failures to energy efficient 

retrofits  

Market Failures Market Barriers 

Split incentive in energy use Misplaced incentives Low priority for energy 

efficiency 

Energy Costs that do not 

fully internalise externalities 

Distortionary fiscal & 

regulatory policies 

Capital market barriers 

Lack of financial incentives 

to catalyse the long-term 

energy performance of 

buildings 

Unpriced costs  Incomplete markets for 

energy efficiency 

Conflicting policy & 

standards 

Unpriced benefits  

Energy assessment methods 

underestimate buildings’ in-

use energy performance 

Insufficient information  

 (Brown, 2001, Georgiadou, 2012, DECC, 2014) 

 

Table 2.3 identifies several market failures and barriers that have resulted in the need for 

government intervention to improve the energy performance in the existing building stock. 

Market failures occur when there is a flaw in the way the market operates. Brown (2001) 

identifies that market failures can be caused by: misplaced incentives, distortionary fiscal or 

regulatory policies, unpriced costs (e.g. air pollution) and benefits (e.g. CO2 reductions), 

inaccurate information (e.g. stakeholders incorporating asset readings as operating readings). 

The failure to account for these market failures (or imperfections) have led to an under estimate 

of the full range of benefits that energy efficiency brings to the market (Laitner & Finman, 

2000). Brown (2001) advocates for the introduction of low-cost policy interventions that can 

eliminate (or compensate) for these market failures. Table 2.3 also identifies market barriers 

that have led to the slow adoption of energy efficiency, in the existing building stock. This is 

caused by the low priority given to energy efficiency (by owners/occupiers), sub-optimal levels 

of investment in energy efficiency (lack of trust of investors in the financial viability of energy 

efficiency investment (EC, 2015), and a limited market for energy efficient products (Brown, 

2001). 

Commercial office buildings in London are rarely constructed with energy efficiency in their 

design and management prioritised (Gibson et al., 2000, White, 2013). The evidence for 
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prioritising energy efficiency and carbon reduction is compelling (see later Kolokotron et al., 

2012, IPCC 2014, 2018). By improving knowledge of these barriers and drivers of change, it 

may be possible to design more efficient policy interventions. In doing so, it may explain the 

rationale for exploring a variety of differing futures in which barriers are removed and drivers 

are encouraged. This will help steer the built environment towards energy efficiency.   

 

A report by the House of Parliament, Parliamentary Office of Science & Technology 

(HPPOST, 2017) identified that misaligned incentives exist in the private rental sector, in 

which, financial rewards for installing (or upgrading) energy efficient measures, usually benefit 

tenants rather than the landlord. Ultimately, the nature of any lease agreement and covenants 

determine whether tenants benefit directly or whether the owner/investor benefits from energy 

efficient intervention. In the case of Full Repairing & Insuring lease agreements, tenants pay 

their occupancy costs directly and therefore should be attracted to buildings that are energy 

efficient with lower operating costs. However, in the case of a Gross Lease Agreement (GLA), 

the tenant is on gross rental contracts and may not benefit directly from such savings. The 

majority of commercial office premises in the UK consist of Full Repairing Insuring (FRI) 

lease agreements (Caesar & Howie, 2015). Therefore, tenants should benefit from investing in 

energy efficiency. In this case, landlords have difficulty in justifying investments in equipment 

or operational changes that would lead to environmental improvements due to inability to 

recoup costs (Langley, 2010). Thus, where one party to the lease agreement benefits, the other 

has little incentive to invest in energy efficiency. This dynamic is commonly referred to as the 

‘split incentive’, which has been identified as a barrier to energy efficiency. Whilst a large body 

of literature exists on the economic benefit of investment in energy efficiency (Eichholtz et al., 

2010; Fuerst and McAllister, 2011; Kahn, and Kok, 2014; Devine, and Kok, 2015), most of 

these studies implicitly assume the property is owner-occupied. There is very little conceptual 

or empirical work that assesses the benefits of occupying a tenanted property, apart from 

finding that a split incentive exists (e.g. Gillingham, Harding, & Rapson, 2012; Jaffe & Stavins, 

1994). 

 

Green leases address the split incentive problem, by linking financial incentives with 

sustainability actions to increase a building’s performance. Through the inclusion of modified 

clauses in a traditional commercial lease, both owners and tenants can both realise the benefits 

of investing in energy efficiency (ABC, 2014). To facilitate improved environmental 
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conditions as an energy saving initiative, in property, the Better Buildings Partnership 

published the ‘Green Lease Toolkit’, which provides a set of green clauses that could be 

inserted into standard commercial leases. These clauses have varying degrees, from light green, 

mild green, to dark green (small adjustments, major adjustments, to formal clauses and party 

obligations) (Better Buildings Partnership, 2008). The development of green leases is seen as 

a way of overcoming the landlord’s initial investment in energy efficient refurbishments or 

buildings. These leases set out clearly each party’s obligations with regard to energy and 

sustainability issues, even supporting them with financial incentives or penalties (Pinsent 

Masons, 2012). Additional benefits of adopting green leases include, reduction in resource 

consumption, improved efficiency, improved corporate image, and ensuring compliance with 

the Energy Performance Building Directive and in the longer term the Energy Act 2011. 

Outside the UK (primarily in Australia, Germany, USA), there is a tenant-led move towards 

‘green leases’. However, there has been little evidence of widespread adoption of green leases 

in the UK (Sayce et al., 2009).  

 

Other barriers towards a low CO2 building stock include the uncertainty with respect to the 

return on investment. The general concept is that energy efficient buildings have lower energy 

costs when compared to similar buildings. However, when reviewed from a financial point of 

view, energy can look insignificant when compared to occupiers’ overall costs. Wade et al. 

(2003) and Dixon et al. (2009) identify that energy cost accounts for approximately 1-6% of 

overall business costs. Pett and Ramsay (2003), Wade et al. (2003), and Gensler (2006) found 

that a lack of clarity on payback on investing in energy efficient investment to be a barrier to 

occupiers investing in energy efficiency in the first instance. Social benefits such as health and 

quality of working environment have also proven difficult to quantify in terms of payback of 

investment, while research has shown energy efficient buildings results in healthier, happier, 

satisfied and ultimately a more productive worker (WGBC, 2013). However, research by Paul 

and Taylor (2008) on comfort levels and satisfaction of occupants of green university buildings 

compared to similar non-green buildings found no difference between the buildings. Leaman 

and Bordass (2007) carried out occupant surveys on 177 UK buildings, comparing green 

energy certified buildings to non-green buildings, and found that green buildings were at risk 

of creating wasteful and unnecessary complexities and that limited evidence exists for return 

on investment. Van de Wetering (2011), and later Leishman, et al. (2012), found that, whilst 

occupiers are willing to pay for energy efficiency, they rank its importance lower than location 
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and other characteristics (such as accessibility, flexibility, quality, and availability of stock). 

Fuerst and McAllister (2011) also identify the lack of evidence of appropriate returns on 

investment as a barrier to investing in energy efficiency. Fuerst and McAllister (2011) 

identified split incentives, risk aversion, and discounting during lease agreement as reasons 

behind the lack of clear evidence of return for investing in environmentally certified buildings. 

The uncertainty on return on investment when investing in energy efficiency is an obvious 

barrier to the adoption of sustainable principles in buildings.  

 

Georgiadou (2012) identifies that the characteristics of a building stock are shaped by changes 

in social attitudes, technology advances, the economy, and population patterns. It is inevitable 

that characteristics of the building stock will evolve over time (Van Staden & Musco, 2010). 

Given the long lifecycle of buildings (40-100 years), their slow pace of change, and the 

existence of future uncertainty, it is appropriate to visualise a future that is different to anything 

that can be envisage. Table 2.4 provides a summary of drivers found in literature that have been 

identified as influencing change in the energy performance of the building stock.  

 

Table 2.4 Summary of Drivers of Change found in literature 

Social Technical Economic Environmental Political 

Adjustments for 

changes in 

population 

Energy efficient 

intervention 

(demand side) 

Fluctuating 

energy price 

Impact of 

climate change: 

 Colder winters 

& Hotter 

summers, Urban 

heat Island 

effect 

Energy Costs & 

Security 

Adjustments for 

changes in 

working 

patterns & 

behaviour  

Adjustments for 

changes in fuel 

i.e. fossil to 

renewables 

(demand side) 

Fuel poverty International 

targets & 

noncompliance 

fines 

Occupier 

comfort 

Innovative 

construction 

practices 

Economic 

conditions 

Mitigation & 

Adaption 

Strategies 

 

 Accuracy in 

energy data 

Incentives for 

energy 

efficiency 

(ROI) 

  

 Changing user 

requirement 

(i.e. 

connectivity) 

High cost of 

renewables 

  

STEEP drivers that influence energy performance of buildings up to 2050 (IEA, 2003, Lane et 

al., 2005, WEC, 2007, Shell, 2008, SEMBE, 2008, O’Brien et al., 2009, Bhattacharjee & 

Reichard, 2011, Ćosić, et al., 2012) 
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Table 2.4 classifies drivers of change found in literature under the following: Social, 

Technological, Economical, Environmental and Political (STEEP) categories, as advocated by 

Nuefewld (1985) and Morrison (1992). Both Morrison (1992) and Nuefewld (1985), alongside 

several government publications, use the so-called STEEP category to identify and reflect upon 

drivers of change associated with the evolving target of sustainability and energy efficiency 

(Meadowcroft, 2007). The building stock should be future proofed against climate change and 

adapt to STEEP drivers (Georgiadou, 2012). However, uncertainty exists on how these 

different drivers influence energy performance over the long term. Some drivers are 

predictable, while others are highly uncertain (Bhimji, 2009). Previous research (specifically 

research based on Technical analysis) generally overlooks the analysis of drivers of change and 

future challenges due to their complexity in dealing with uncertainty. The later inclusion of the 

exploration of London specific STEEP drivers of change facilitates an examination of a 

spectrum of plausible futures that account for uncertainty.  

 

2.9 Energy Certification of the Non-Domestic Building Stock 

 

Energy Performance Certificates were first introduced in 2002 under EU directive 2002/91/EC. 

The requirement to have a national Energy Performance Certificate (EPC) system were 

strengthened in the recast EU directive 2010/31/EU, which contained additional quality control 

checks. By 2013, all EU member states had implemented some form of EPC system (EeMAP, 

2019). The Carbon Trust (2009) identifies EPC’s as the policy instrument introduced to 

improve energy efficiency in the building stock, by tackling the lack of awareness of how 

energy is used in buildings. The EPBD (2002/91/EC) requires that all EU countries enhance 

their building regulations and introduce energy certificate schemes for buildings. As part of the 

EU Directive, an Energy Performance Certificate is required when building, selling, or renting 

both commercial and residential buildings.  There are, however, exceptions for certain purpose 

buildings (place of worship, standalone buildings less than 50m2 that are not dwellings, 

buildings that are due to be demolished, industrial workshops and some agricultural buildings). 

Traditionally, in the case of all commercial buildings with a floor area in excess of 1,000 m2, 

they require an Energy Performance Certificate (EPC) for the construction, sale, or rent of 

buildings (2002/91/EC). However, from 2012, this has been amended to include premises 

larger than 500m2 that are frequently visited by the public. Under 2002/91/EC, both sellers of 

property and landlords are required to provide information on a building’s energy efficiency, 
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as contained in an EPC to potential buyers and tenants. This is intended to provide both tenants 

and potential purchasers with the information and the ability to make an informed decision on 

property investment based on the building’s green credentials.  

 

The Energy Performance Building Directive (EPBD) allows EPC’s to be produced by using 

either theoretical calculation or measurements. The theoretical calculation is known as an asset 

rating, based on standard assumption about the use of the building.  The asset reading estimates 

the energy consumption related to: space & water heating, cooling, lighting, ventilation, and 

other items such as pumps. The asset rating does not reflect the behaviour of the occupant 

(Leboullenger, et al., 2018). The approach based on measured performance is known as the 

operational rating and takes the actual use of the building by the occupant into account. The 

operational rating includes all energy consumption; for example, energy used by equipment 

(PC’s, cookers.) in buildings. Asset rating labels are the most common used across the EU, 

while operational rating is generally restricted to certain building types, or age categories. 

 

 

Figure 2.3 Overview of methods used in EU countries for the Evaluation of Energy 

performance of buildings demonstrating compliance with EU 2017/1369 

(Leboullenger, et al., 2018) 
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Figure 2.3 identifies the most common energy labels used throughout the EU, demonstrating 

compliance with the EPBD. Asset ratings are the most common labels used throughout the EU; 

however, several countries utilise both operational and asset ratings. In Sweden, the asset 

reading of new builds is calculated during the design stage, demonstrating compliance with the 

EPBD. This is later followed up with the issuing of an operating rating certificate, after the 

second year of operation, demonstrating compliance with the EPBD.  Both France and 

Germany utilise operational ratings for residential and non-residential buildings of a certain 

age. However, operating rating certificates are only applicable to public buildings over 500m2 

in the UK. A report by EeMAP concludes that operating ratings could be more relevant when 

assessing mortgage credit risk assessments, for assessing probability of default, as they reflect 

actual energy use which includes the occupant experience. While the asset rating could be more 

useful in assessing the loan to value, alongside loss given defaults, as the certificate reflects the 

characteristics of the property, which is independent of occupiers’ behaviour (Leboullenger, et 

al., 2018). 

 

The EPC label is a useful rating system, as it compares similar type properties and benchmarks 

within the real estate industry (CLG, 2008). The EPBD is a labelling mechanism of buildings, 

ranging from A-G (see Figure 2.4) based on the building’s carbon emissions and energy 

performance in comparison to a benchmark building. There are several parts to this legislation, 

which include regular inspections of boilers and air conditioning systems, mandatory 

certifications of buildings and improved standards for new and large existing buildings. The 

certificates have a maximum validity of 10 years. The labels refer to energy performance 

standards Part L of the Building Regulations, alongside benchmark comparisons with similar 

types of building. Perhaps more crucially, the Energy Performance Certificates also include a 

recommendation on cost effective measures or upgrade works that could improve the 

building’s energy performance in future. 
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Figure 2.4 European Communities Energy Performance of Buildings Regulations 

 (Part 5 of the Housing Act, 2004) 

New commercial buildings are perceived to be more environmentally friendly and, in cases, 

obtain a higher EPC label than older buildings (DWHA, 2008; Miller et al., 2008; Eichholtz et 

al., 2010; Fuerst and McAllister, 2011). However, they only account for a small percentage, 

with only 2% of the UK’s existing stock being less than five years old (LCW, 2011). Problems 

also exist with benchmarking; , for example, with climate change modelling, minor differences 

between regions within the EU exist. The certificates issued by different member states also 

vary significantly (Thomsen and Wittchen, 2010). There are significant differences, not only 

in terms of labelling and appearance, but also in terms of the exact calculation methodology 

behind the final label presented (in the way energy performance rating is obtained in the first 

instance and how the recommendations are formulated). Similarly, the different building 

analysis methodologies do not always provide robust and credible results. The physical unit 

used to identify energy performance differs from one-member state to another; this is evident 

with respect to how the actual energy consumption is calculated. In some states, an actual 

energy consumption is used where others use a relative value, with respect to comparing the 

assessed building to a reference or benchmark building. EPC’s only access theoretical 
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performance or design intent and do not measure the actual energy usage or performance-in-

use. This supports research carried out on behalf of Carbon Trust, 2011 (CIBSE, 2011; JLL, 

2012; RICS, 2012), which identified difficulties in relying on the building’s EPC or design 

intent, when it comes to quantifying actual performance-in-use.  

 

Compliance with the EPBD is demonstrated through the use of Simplified Building Energy 

Model (SBEM). However, there are shortfalls within this model, as it does not have the ability 

to predict the actual energy consumption of a building. Instead, its purpose is to solely 

demonstrate compliance with Building Regulations. This has led to a misconception 

(occupiers/investors) that eco-labels are a true reflection of how buildings perform in-use and 

results in a ‘performance gap’ in stakeholders’ expectations. The Royal Institute of British 

Architects (RIBA), the Chartered Institution of Building Service Engineers (CIBSE) alongside 

the Building Services Journals, have all published research (see later section 2.13) in the area 

of ‘the building performance gap’.  

 

The EPC/CO2 index label accounts for the predicted and regulated CO2 and energy use, it does 

not account for the actual performance-in-use (or occupants’ behaviour). However, the EPC 

introduced under the EPDB a very useful labelling system, especially regarding expected 

energy and CO2 emissions, in addition to recommendations for upgrading and remedial 

measures which are included when assessing existing buildings. Furthermore, EPC’s are the 

best-known indication of buildings’ environmental performance in the UK (Van de Wetering 

and Wyatt, 2011). For Energy Performance Certificates to have any real impact, the existing 

building stock must be upgraded, and all commercial buildings must have a minimum energy 

label in place (LCC, 2010). Article 4 of the EU directive 2010/31/EU requires that member 

states set a minimum energy performance requirement for buildings, with the possibility of 

differentiating between new and existing buildings and between different building types 

(2010/31/EU).  This is being implemented by the UK government under the Energy Act 2011: 

Private Rented Sector Regulations, which states that all landlords must have an EPC rating of 

E or above, from April 2018, otherwise they will be unable to let a non-residential building (for 

all new lettings). The government estimates that approximately 18% of the UK’s non-domestic 

built environment will fall under the E rating effecting approximately 324,000 properties, 

equating to approximately £152bn of unlettable property if they are not upgraded (LCC, 2010). 

The effect of the Energy Act 2011 depends on the exact details of the legislation, available 
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grant system, implementation and enforcement, many of which are still at an early stage and 

are yet unclear. 

 

With the revision of the EPBD in 2012 (Directive 2012/27/EU), EU Member States including 

the UK face new tough challenges with respect to energy efficiency. Foremost among them is 

moving towards new and retrofitted zero energy buildings by the year 2020. EPC labels provide 

an opportunity to identify the energy performance and CO2 emissions of a building in the first 

instance, alongside identify opportunities on how to make high energy consumers more 

efficient (EC, 2019). The UK initially committed to zero carbon homes by 2016 and non-

domestic school and hospitals from 2018, with all other buildings to be zero carbon by the year 

2019 (DCLG, 2011). However, changes in July 2015 (HR Treasury, 2015) meant that the 

government did not proceed with its zero-carbon target by 2016, alongside halving its original 

plans to tighten on site energy efficiency standards. The treasury plans to keep energy 

efficiency standards under review, ‘recognising that existing measures to increase energy 

efficiency of new buildings should be allowed time to become established’ (HR Treasury, 

2015). 

 

 

2.10 Display Energy Certificate (DEC) 

 

Energy Performance Certificates (EPC’s) in both domestic and commercial instances use a 

label or rating certificate based on calculated energy use, whereas a Display Energy Certificate 

(DEC) is a rating certificate based on measured use (DCLG, 2015). The purpose of introducing 

DEC’s is to raise public awareness of energy use within buildings and to inform visitors to 

public buildings about the energy use of a building. Similar to the EPC rating certificates, 

DEC’s provide an energy rating of buildings ranging from A-G, where A represents very 

energy efficient buildings (lowest CO2 emissions) and G represents the least efficient (highest 

CO2 emissions), based on actual metered energy (gas fuels, oil fuels, solid fuels, district heating 

and cooling and electricity). DEC’s are usually based on a metered energy reading over the last 

12 months within the validity period (operational rating). The label reflects the use of the 

building and the practices of management and maintenance. This is calculated from meter 

readings/bills or an alternative reliable source. From this, an operational rating is derived. The 

operating rating is the actual annual carbon dioxide emissions from the building, which is then 
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compared to a hypothetical building with performance equal to one typical of its type 

(benchmark). CIBSE TM46 identifies 29 different benchmark building categories, which can 

be used for comparison when adjusted for local factors such as climate, orientation etc. 

Additional software similar to SBEM (Simple Building Energy Model) such as CIBSE TM22, 

has been developed to aid the calculation procedure. The comparison between measured use 

(DEC) and benchmark (CIBSE TM46) can review and reveal the performance of buildings, 

and set targets for future performance. Traditionally, DEC’s have been required to be displayed 

in public buildings over 1,000m2, where the total usable floor area is frequently visited by the 

public. However, this was amended in 2015 to include buildings with a floor area that exceeds 

250m2. The DEC label must contain: operational rating, reference benchmark, in the case of 

buildings >1000m2 the operational ratings for the previous two years, unique certificate 

reference number, alongside an advisory report (DCLG, 2015). 

 

While both EPC’s and DEC’s form part of the same government legislative framework 

strategy, and have similar intentions, they use different calculation methodologies which results 

in an asset rating in the case of EPC labels, and operational rating in the case of DEC’s. EPC’s 

account for the calculated energy use by the heating cooling ventilating and hot water systems, 

as well as the fixed lighting; plug loads are not included, however. DEC’s differ in that its label 

is based on measured utility data for a 12-month period, which includes all energy 

consumption. Different fuel emissions factors are used to calculate EPC’s compared to the 

DEC label. EPC estimate emission factors are based on NCM/SBEM calculation, where DEC’s 

use CO2, CIBSE reference emission factors (Bruhns et al., 2011). Despite using different 

calculation methodologies, alongside DEC’s accounting for actual energy consumption in use, 

the final ratings are presented in a similar format with one of seven different bands A-G (EPC’s 

additional A+ for zero carbon facilities). This has often led to confusion for a variety of 

stakeholders (investors, occupants, and building operators) when the same building receives 

different EPC to DEC readings. 

 

Comparing DEC’s and EPC’s to other energy monitoring instruments and environmental 

labels, DEC’s are somewhat similar to the US based Energy Star rating. This is because both 

labels are based on actual operational building energy consumption in assessing the energy 

performance of the buildings. While Energy Star certificates are assigned to the top 25% of 

buildings with respect to its energy efficiency and indoor environmental standards, this can be 
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compared to DEC’s which use different bands to compare and identify best performance. 

EPC’s are similar to BREEAM, which also use certificates based on calculated energy use. The 

BREEAM 2011 energy credits scale now begins with one credit awarded for an EPC rating of 

63 and two credits for an EPC rating of 53. This means that under BREEAM 2011 a building 

that potentially achieves no improvement under Building regulations can achieve up to two. 

BREEAM differ to EPC’s in that they give passively serviced buildings higher credits over 

mechanically serviced buildings, making passive designed features the preferred option. An 

excellent BREEAM rating is only available for buildings with an EPC rating of 40 (mid-B) or 

better, and an outstanding rating can only be achieved for buildings with an EPC rating of 25 

(A) or above. 

 

Empirical research has been conducted using DEC data. This has predominately been in the 

area of identifying a ‘performance gap’ between design intent (calculated energy use-EPC) and 

the actual measured energy performance (DEC label). Research has identified the magnitude 

of this gap to be as much as 2.5 times the predicted energy use from new homes (Menezes et 

al., 2002). While Palmer, Terry & Armitage (2016) identify this gap to be even higher for non-

domestic buildings, where actual CO2 emissions were identified as being 3.8 times the design 

intent. Research identifies the difference between EPC and DEC labels as a performance gap, 

thus having relevant benchmarks will increase clarity between design and occupancy stages 

(Newsham, et al., 2009; De Wilde, 2014).  

 

2.11 Additional Voluntary Eco Label Measures  

 

There are a considerable range of international voluntary sustainability indicators (assessment 

tools) which have evolved over the years for various purposes and audiences (Cox et al., 2002). 

The four main voluntary assessment methods are - Leadership in Energy and Environmental 

Design (LEED) used worldwide, Deutchse Gesellschaft fur Nachhaltiges Bauen (DGNB) used 

across Europe, and Living Building Challenge (LBC), more recently launched in Europe and 

the UK, Building Research Establishment Environmental Assessment Methodology 

(BREEAM) - are perhaps the best known and most widely used methods (RICS 2011).  

 

These four methods are based on the categorisation of similar sustainable building attributes 

such as building flexibility, energy efficiency, transport, pollutants, location, occupier, ecology 
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and design in determining certificate performance ratings. In some cases, factors such as health 

and wellbeing, waste and social cultural and functional quality are also taken into account.  

However, there are high levels of variation between the four methods and all of these methods 

are based on categorising different attributes for credits, which are allocated in different ways 

(IGBC, 2012). In terms of the variations or weighting applied, the main differences are with 

respect to energy, management, and economic issues. Energy is an important aspect of all four 

methods; however, the weighting given to energy has a considerable impact on the overall 

rating difference (10% in DGNB, 14% in LBC, 19% in BREEAM, and 32% in LEED) (IGBC, 

2012). For example, the DGNB labelling aggregates both embodied energy and environmental 

impact over a 50-year time period, which differs from other eco labels. The high reward of 

32% in LEED does not translate to high energy savings in reality, as a LEED Silver certificate 

can be achieved without any energy saving measures, providing a false impression or skewing 

the result (IGBC, 2012).  

 

The majority of outputs from these environmental assessment tools consist of a comparable 

rating system (good, bad, very good, excellent, outstanding), with the most useful being an 

energy output of kWh/m2/yr or carbon dioxide equivalent of kgCO2/m2/yr. The most widely 

used, voluntary environmental label in the UK is the Building Research Establishment 

Environmental Assessment Method better known as BREEAM (BREEAM, 2014). BREEAM, 

first introduced by Building Research Establishment (BRE) in the 1990’s. It is an assessment 

tool used to assess a buildings’ environmental efficiency alongside sustainable factors. Similar 

to other environmental labels, BREEAM has evolved in line with legislative changes, which 

has raised the awareness amongst property stakeholders of the benefits of sustainability. While 

mandatory eco labels such as EPC’s and DEC’s concentrate on the energy efficiency in their 

assessment of buildings, BREEAM differs by assessing a wide set of social and environmental 

characteristics.  

 

LES-TER consists of an industry led set of tools developed by the British Property Federation, 

Usable Building Trust and the Carbon Trust. These tools were developed to allow both 

landlords and tenants to measure and understand their energy usage, alongside reducing their 

greenhouse gas emissions in the occupation and ownership of their commercial buildings. The 

LES-TER project developed two main assessment tools: the landlord energy statement (LES), 

and the tenant energy revise (TER). These assessment tools are similar to the CIBSE TM22 
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excel sheets, in that the LES helps landlords understand their energy consumption alongside 

benchmarking their performance (heating lighting, ventilation) against similar buildings and 

identifying areas for improvements. Whereas the TER tool allows tenants to measure and 

understand energy and emissions purchased directly from suppliers. The measuring tool allows 

for the analysis of densities of occupation, hours of usage and zones of the building that 

consume the most energy and CO2. Similar to the LES, the TER tool allows tenants to make 

energy reductions through the production of an energy savings report, identifying potential 

savings opportunities that are automatically produced upon completion. Government guidance 

on data collection requirements for DEC under the EPBD recognises both LES and TER as 

appropriate tools for data gathering.  

 

There are additional industry developed tools such as the Jones Lang LaSalle OSCAR-

benchmarking service charges for offices, benchmarking on global investment funds GRESB 

developed by CBRE, Cushman & Wakefield, Cluttons Colliers and Deloitte. Alongside a 

variety of industry benchmarks on sustainability, the majority of which can be classified at the 

design or in-use stage. The environmental performance of a building can be assessed, 

measured, and assigned during the design stage through the assessment of the physical fabric 

and components of the building and whether it has achieved the performance specification, 

with respect to insulation, heating, cooling, and lighting systems. Whereas in the case of 

refurbishment and planned maintenance programmes, these present an opportunity for the 

owner to improve systems (such as heating, cooling, lighting) and upgrade performance of the 

physical fabric of the building and its plant which are then assessed against relevant 

benchmarks. In the case of in-use assessment, the measured operational performance of the 

building is affected by both how occupiers utilise a building alongside how owners run shared 

services (Bosteels et al., 2010). The interface between the two parties is important in 

determining how efficiently the overall building is operated, which is then assessed and 

compared to similar benchmark buildings, resulting in a sustainable label (DEC, BREEAM-in 

use).  

 

2.12 Ecolabels and their Effectiveness in Identifying Energy Performance 

 

Although EPC’s and DEC’s provide information on the calculated and measured energy usage 

within buildings, shortfalls exist with regards to informing investors and occupants on how 
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energy efficient their investment/property are. Energy and CO2 only account for environment 

protection and, in part, economic development, whereas social development issues are not 

accounted for. The ability to quantify these benefits depends on the local market’s willingness 

to place a value on these benefits (Fuerst & van de Wetering, 2015; Oyedokun, 2017). The 

reporting of energy costs and carbon emissions involves a degree of uncertainty. The projection 

of future operating expenses, which include energy, can only be based on present information 

(DEC, 2012). Projecting and estimating therefore results in some form of uncertainty. In the 

case of estimating energy costs, this generally falls into two categories, the inherent spread of 

data points (statistical variation) and data collection and analysis. Actual energy estimates are 

subject to uncertainty. However, it is also apparent that uncertainty is likely no worse a problem 

with energy than with other building attributes. Equipment reference guides, design simulation, 

and EPC labels are examples of statistical variation, whereas billing histories and DEC’s are 

examples of data collection methods. The operation costs consist of a review of buildings’ 

running costs in the form of bills, metered data, contract costs, and information obtained from 

the building facility management team.  

 

EPC’s and DEC’s measure energy and CO2 associated with the direct operation of buildings. 

It does not account for embodied energy and CO2 emissions during the construction, 

maintenance, and demolition of buildings. Thus, these assessment tools cannot assess the true 

footprint of a building during its lifecycle. The SBTool, UK code for sustainable homes and 

USA LEED are known methods in which the building embodied energy are taken into account. 

This has been identified as a shortfall in EPC and DEC labelling methodologies, as they are 

not a true reflection of the buildings’ environmental impact. As well as not taking embodied 

energy into account, these energy calculation tools do not take energy encountered as part of 

transport, or operating energy within the building or in the production of goods. While 

BREEAM certificates factor transport in their energy label, both EPC and DEC labels do not 

take energy associated with transport into account.  

 

EPC’s are generally allocated at the design stage and account for an asset rating, whereas the 

DEC’s are issued when the building is in use, after a sufficient time period when operational 

costs can be accounted for. However, there appears to be a gap between modelling the energy 

use at the design stage and comparing this directly with the later in-use performance. This 

requires realistic whole building energy calculations at the design stage, which has been 
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infrequent, as it depends so much on the occupancy of the building. In common with DEC’s, 

it also requires benchmarks that are robust and applicable to specific building types in use. 

Such benchmarks were researched and produced by the ‘Energy Efficiency Best Practice 

Programme’ dating back to the 1990s; however, research in this area has not been maintained 

(by BRE) and redirected towards commercial ecolabel systems. This has resulted in shortfalls 

in the ability to evaluate the energy efficiency or inefficiency of different office types and lack 

of guidance on benchmarks in this area. DECC (2014) data shows that between 1970 and 2014 

energy consumption in commercial offices has increased by 64%. This is associated with an 

increase in office equipment such as PC’s, HVAC systems, and lighting. However, significant 

improvements have been achieved in the area of energy efficiency office equipment through 

the introduction of EU Energy Labels (white goods) and similar schemes. EPC and DEC labels 

do not identify the energy efficiency of buildings compared to similar buildings (within the 

same location). Instead, it presents calculated energy use or measured use only. This is 

discussed further in section 2.13, in the context of a ‘performance gap’, between asset rating 

and operating ratings.  

 

DEC’s, which are currently awarded to buildings accessible to the public, are assessed based 

on the actual measured use and have the potential to play a larger role in the operational 

assessment of commercial buildings beyond that currently offered. The Committee for Climate 

Change alongside the UKGBC have all requested that the government extends DEC’s to 

include all non-domestic commercial buildings. In doing so, it will place a larger emphasis on 

the measured use (DEC label) rather than calculated energy use (EPC label). This in turn will 

link MEES to performance-in-use, rather than on design intent.   

 

The latest version of BREEAM (new construction 2014) certification can be issued at two 

different stages. In the case of speculative development (or at design stage), certification can 

be obtained for shell only. The second stage of certification is then issued upon fit out 

completion, under the BREEAM non-domestic refurbishment and fit out scheme. The majority 

of the nine weightings remain the same; however, minor weighting (+/-1%) amendments are 

made to energy, transport, water, materials, and waste. While life cycle costing is accounted 

for as a component of management, similar shortfalls exists in the BREEAM new construction 

certification (2014), to that of EPC and DEC labels. In that certification measures focus on 

energy and CO2 associated with the direct operation of buildings. There is limited analysis of 
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embodied energy and CO2 emissions during the construction, maintenance, and demolition of 

buildings. BREEAM focuses on the environmental (energy, water usage, health & wellbeing, 

pollution, transport, materials, waste, land use & ecology alongside management processes) 

and claims to account for social factors through weighting each of these environmental factors 

in a local context. However, there is little evidence that economic factors are accounted for, as 

they seem to be grouped together under the nine main headings. Location is subdivided into 

rural, urban, and city centre, with a maximum of 9% credits allocated to transport, of which 

credits are allocated for access to amenities such as cash machines alongside cyclist facilities. 

A maximum of 5 credits are allocated for public transport, 2 credits for proximity to amenities, 

2 for car parking, and 1 for having a travel plan in place. There are an additional 8 points 

allocated for having sustainable transport solutions. While points are allocated for location and 

amenities under the heading of transport, there is limited discussion on the CO2 emissions or 

allocation of kg CO2/m
2 in the case of private transport, to and from buildings.  

 

One of the main differences between NC 2014 and previous versions is the two-stage 

certification, at the design and upon construction completion, giving BREEAM a built 

certification. However, operation improvements are not retrospective and have to be accounted 

for as part of BREEAM in-use. The lack of information on operational improvement presents 

a knowledge gap on how buildings are performing or whether improvements have been 

achieved (through optimising technology usage) over a time or as a result of upgrade works. 

Whilst EPC, DEC, and BREEAM certification usually contains an advisory report on potential 

energy savings measures, there is no operational information or historical data on the building 

that can be used as a benchmark. The US EPA have developed assessment tools and standards 

in this area, such as ISO 5001 Energy Management System, which can easily be incorporated 

as part of most eco-labels.  

 

While the introduction of eco-labels has encouraged behavioural changes and the adoption of 

renewable technologies in most new commercial buildings, Dosi and Moretto (2001) argue that 

in certain circumstances the introduction of eco-labels may result in an increase in 

environmental harm. This was investigated in terms of whether eco-label act as a substitute to 

conventional products, creating an image spillover for all products produced by an 

organisation, whilst increasing return on capital results in a net increase in environmentally 

harmful emission. This, in effect, increases aggregate consumption of CO2 in the form of a 
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‘halo’ effect of the environmental label. An example of a similar halo effect includes the 

introduction of a dolphin safe label, which led to an increase in market share of canned tuna 

(Teisl et al., 2002). In the case of commercial offices, tenants may be less concerned with 

turning off equipment or leaving energy efficient devices on when not in use, for occupants of 

BREEAM certified buildings, unintentionally resulting in additional energy consumption and 

carbon emissions. Even if EPC and DEC labels accurately expressed both the design-based and 

operational potential, behavioural factors may effectively act to offset any gains from increased 

energy efficiency, commonly known as the ‘Jevons’ paradox’. Hanley et al. (2009) find this to 

be the case in a CGE application of energy efficiency measures in Scotland. However, the 

empirical evidence on the existence and magnitude of these effects still remains disputed 

(Sorrell, 2009). Having sufficient operational information, historical data, alongside sufficient 

benchmarks will reduce the likelihood of a halo effect when it comes to environmental 

labelling.  

 

Most of the existing building stock was built in an era before the relationship between buildings 

and local climatic variations were properly understood (ARUP, 2009). In addition, more than 

80% of the energy consumed by a building during its lifecycle occurs when the building is in 

actual occupancy and use (UNEP 2007). This makes the existing building stock a key target 

for energy efficient interventions to substantially reduce the adverse impact of buildings on the 

environment, human health, and the economy. BREEAM, EPC, and DEC certified labels are 

required in the case of new construction, sale, or renting of buildings; however, the largest 

improvement potential in the environmental performance lies in the refurbishing of the existing 

building stock (Crawley & Aho, 1999). Sayce, Ellison and Parnell (2007) argue that it is 

pointless having mandatory eco labels for construction or refurbishment of buildings only and 

that the existing building stock needs to be addressed. While incorporating the requirement to 

have EPC’s before the property is marketed for rent includes a larger cohort of the existing 

building stock, there are still significant shortfalls with respect to investigating the energy 

efficiency based on the performance of buildings in use.  

 

2.13 Environmental Certified Buildings and the Performance Gap  

 

Malin and Damn (2008) identify several benefits in occupying green buildings over traditional 

buildings, including green image, lower operating costs and lower energy use. However, 
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limited empirical evidence exists validating claims that highly eco-certified buildings result in 

‘lower energy costs’.  Newsham, et al. (2009) tried to bridge this knowledge gap through 

analysing the energy use of 100 LEED certified commercial buildings compared to similar 

non-certified commercial building stock in the US. The research also examined the effect 

energy use has within the different credits achieved (certified, silver, gold/platinum) in the 

certification process. The study contained data from 100 buildings, compiled by the New 

Building Institution (NBI), which contained data on post occupancy measured energy use, over 

a full year. The output of which identified LEED certified buildings on average used 

statistically significant less energy than similar buildings per square foot. The medium energy 

use buildings (predominately office buildings) show energy use savings of between 18-39% 

for certified buildings (LEED) when compared to similar buildings (CBECS buildings). 

However, despite such energy savings, the research identifies that 28-35% of the LEED 

certified buildings use more energy per square foot than similar buildings. The research also 

identifies that no statistically significant difference in energy use exists between the different 

categories achieved (LEED-certified, silver, gold/platinum). Concluding that energy rating 

accredited seems to have little or no relationship to the measured energy performance. The 

results show the importance of investigating the post occupancy performance of buildings and 

that the initial design intent (eco-label) does not always meet expectations. This has become 

known as the ‘performance gap’ or ‘energy performance gap’ (Palmer, et al., 2016).  

The performance gap is the term most commonly used to describe the disparity that exists 

between energy use/CO2 emission labels (or predictor) normally issued during the design stage, 

and the energy use of the building during its operation. Palmer, et al. (2016) identified that 

actual CO2 emissions can be as much as 2.5 times the design intent from new homes. While 

Palmer, et al. (2016) identify this gap to be even higher for non-domestic buildings, where 

actual CO2 emissions were identified as being 3.8 times the design intent. There has been an 

increased pressure on the property industry to address the challenges of environmental issues, 

energy prices and security, and a general drive towards energy efficiency. This has all resulted 

in a need to label buildings based on their performance (design intent, in-use performance). 

Furthermore, both industry (rent, price premium) and governments (MEES) are starting to rely 

on these labels when benchmarking properties against one another. This makes it important to 

adress this performance gap, with the general public expecting high environmental certified 

buildings to peform better (energy efficient/low CO2 emission) than traditional builds (Reed & 

Bole, 2009).  
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Bridging the gap between predicted and measured performance, is of crucial importance to the 

delivery of the government’s ambitions of committing to at least half the energy use of all new 

buildings by 2030 (the Clean Growth Challenge, DBEIS, 2019). In a wider context, the 

performance gap erodes the credibility of government policy, in setting MEES linked to design 

intent, in an effort to achieve an energy efficient building stock.  Energy efficiency is only one 

example of where a performance gap exists, and it is likely that similar gaps exist between 

predicted and measured building performance (thermal comfort, air quality, acoustic 

performance, daylighting). However, the majority of research focuses on the energy 

performance gap. This may be down to the fact that energy metering is more prevalent and 

easier to implement than other building performance criteria (DeWilde, 2014). This section of 

the research reviews literature that specifically focuses on ‘the energy performance gap’, 

concerning predicted performance (certified during the design stage) with observed 

performance of the building over time.  

 

Technology changes (include advances in identifying and monitoring efficiency, the 

introduction of Building Management System’s (BMS) or Building Automation System 

(BAS), smart meters), have advanced knowledge on buildings in-use performance and its link 

to energy efficiency/CO2 emissions. Furthermore, behavioural changes and its impact on 

energy efficiency can now be monitored through analysing data from BMS systems, smart 

meters, dashboards, and using a variety of mobile phone applications. These all provide data 

allowing owners/occupiers to make informed choices (Paone & Bacher, 2018). Technical 

advances and the reduced cost of introducing monitoring and data mining techniques, provide 

an increasingly reliable method for assessing in-use performance, enabling occupiers/owners 

to question the validity of performance predictions (asset ratings). Newsham et al. (2009) 

identify that recent developments in automated metered reading technology have allowed 

property professionals to monitor the actual in-use performance of buildings. 

 

The literature identifies the term ‘energy performance gap’ used as far back as the 1990’s 

(Norford, et al., 1994) with continued coverage to the present day (Bordass, et al., 2001; Piette, 

et al. 2001; Scofield, 2002; Beascochea, 2007; Turner & Frankel, 2008; Stoppel & Leite, 2013; 

CarbonBuzz, 2018). The literature identifies a variety of different causes that have led to a 

mismatch between predicted and measured performance (or performance gap). De Wilde 

(2014) carried out research on the difference between predicted and measured energy 
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performance of buildings. The research methods consist of a detailed literature review, pilot 

study, and using modelling software to estimate the energy performance gap between predicted 

and actual performance. De Wilde identified a mismatch of information during the three phases 

of any project namely: firstly, issues associated with the design stage. Secondly, items 

associated with the construction stage. And, thirdly, problems associated with the operational 

stage (DeWilde, 2014). The specific issues that result in a performance gap often differ from 

one building to another and, in many cases, there will be a combination of causes that have 

resulted in the performance gap. 

 

The Carbon Trust (2009), Newsham, et al. (2009), Morant, (2012), and Van den Brom, et al. 

(2018) carried out research assessing the ‘performance gap’ in non-domestic buildings and 

found that this gap often emerges during the design stage as a result of miscommunication 

between professionals and the client. This may be in the form of uncertainty on client 

requirements with respect to performance targets, which has not been communicated to the 

design team. Morant (2012) identifies further problems of having an inexperienced design 

team, where team members have little experience (or understanding) of knowledge on building 

attributes that contribute to the energy efficient operating of a building. The uncertainties on 

operating requirements (occupier/landlords) and knowledge shortfalls on energy efficient 

design techniques may thus impose significant changes in the later operational of a building 

(Menezes, et al., 2012; Morant, 2012; Newsham, et al., 2012). An inexperienced design team 

may over-specify attributes that contribute to a buildings’ in-use performance such as HVAC 

systems, building fabric, or BMS, as well as neglecting occupiers’ requirements during the 

design stage. Incorrect modelling and simulating performance predictions (asset ratings not 

taking occupants behaviour into account) utilised during the design stage will result in 

unrealistic predictions and a performance gap, when compared to later in-use performance 

(Carbon Trust, 2011; Menezes, et al., 2012; Morant, 2012).  Uncertainty in actual weather 

conditions, internal heat gains, plug in loads, and occupancy behaviour have all been identified 

as reasons behind this performance gap.  

 

Research by the Zero Carbon Hub (2010) identifies that even if the design team engage experts 

with knowledge of energy efficiency design strategies, lack of attention to buildability, 

scheduling of works and appropriate detailing, it may still lead to future under performance.  

Turner & Frankel (2008) and Newsham, et al. (2009) identify a performance gap associated 
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with the installation of energy saving technology, specifically in buildings that claim to be 

‘green’ or ‘high performers’ in comparison to traditional buildings. This may be due to the 

equipment installed not performing as originally specified or occupants not using the 

technology as originally intended (Newsham, et al., 2012). The Zero Carbon Hub (2010) also 

identifies the complexity in operating an energy management system and that an inexperienced 

facility management team may not have the knowledge to monitor (update software) or run it 

to its optimum performance. Williamson (2010) identifies that energy predictors (labels) do 

not take system performance deterioration (equipment, technology) into account, which 

furthers the gap between prediction and measured performance.   

 

Different causes (of the performance gap) emerge, during the construction process and client 

handover. Newsham, et al. (2009), Menezes, et al. (2012), and Morant (2012) identify the 

importance of quality control during the construction process. Specifically, in areas where the 

design requires elements of the building to work together, to achieve airtightness, alongside 

specific requirements for insulation. In many instances, construction detailing is often 

unspecified and left up to the contractor. This has often resulted in defects such as thermal 

bridging, cold bridging, heat flux patterns, which in some instances have impacted on the 

structural integrity of the building (Wang, et al., 2014). There are often changes between the 

design (or what is specified) and what is constructed, which emerge as a result of value 

engineering (Bell, et al., 2010). These discrepancies in the quality control process are often 

difficult to identify unless tests are carried out on the new construction. This can often 

contribute to a performance gap (Carbon Trust, 2011). Piette, et al. (2001) identify that a 

performance gap emerges due to lack of commissioning and maintenance, lack of feedback on 

the operational and energy performance, and errors in installation or selection of equipment in 

the first instance. 

 

A different set of causes emerge with respect to the operational stage and its impact on the 

performance gap. These are generally influenced by occupant behaviour, which is often 

different from assumptions made during the design stage (Haldi & Robinson, 2008; Menezes, 

et al., 2012; Morant, 2012; Korjenic & Bednar, 2012; CarbonBuzz, 2018). Both Haldi & 

Robinson, (2008) and later Mulville, et al. (2014) carried out seminal research on behaviour of 

office occupants and how to model their impact on energy consumption. A performance gap 

emerged as a result of assumptions made when trying to calculate (or simulate) occupant 
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behaviour in areas such as plug in loads, internal heat gains, office equipment, and operating 

hours. In general, literature identifies a performance gap that emerges as a result of the actual 

operating performance of a building being different to ideal assumptions made during the 

design stage. This is a result of assumptions made with respect to control settings (operating 

hours, BMS, thermostat settings), as well as assumptions made on how the buildings are 

managed (Turner & Frankel, 2008; Carbon Trust, 2011; Menezes, et al., 2012).  

 

Researchers often refer to discrepancies between the design and operational stage as the main 

reason for the performance gap. McAllister and Nase (2019) identify that, in general, buildings 

are significantly altered after the initial EPC is issued (in the event of buildings being 

constructed, rented, or sold) through the process of occupier fit outs. This was evident in a case 

study analysis by the Better Building Partnership that found one estate, containing 44 buildings, 

built during the same time period and to the same specification, received ratings from C to G 

depending on how occupiers fitted them out (Devine & Kok, 2015).  While the Better Building 

Partnership research deals specifically with residential case studies, its findings correspond 

with later research assessing the thermal performance of both residential and non-residential 

low energy buildings (Filippin and Beascochea, 2007). Filippin and Beascochea (2007) 

identify occupiers and how they use their buildings as having a significant influence on the 

differences between energy consumption from design to actual performance. Filippin and 

Beascochea (2007) find that the underperformance of buildings is down to overuse of electrical 

energy consumption as a result of artificial lighting and electrical equipment. This performance 

gap is only recognised through the monitoring process, underpinning the need for feedback 

between design and performance-in-use. De Wilde (2014) identifies time and contextual 

factors (such as climate and building use) as attributes that have an influence on buildings’ 

performance. Benchmarking on the influence of building construction, weather conditions, 

occupants’ behaviour, HVAC systems, are all identified as key to reducing the performance 

gap by De Wilde (2014). The research identifies that having relevant benchmarks will increase 

clarity between the design and occupancy stages. CIBSE (TM 54) and BIM software (IES) 

have recently introduced standard assessment tools in this area. Furthermore, McAllister & 

Nase (2019) recommend that ‘for policy to be effective in reducing energy consumption (rather 

than simply improving the building stock) it should target actual energy consumption, rather 

than hypothetical consumption’ (McAllister & Nase, 2019, p. 717). Given that government 

policy geared towards energy efficiency in the built environment is starting to rely heavily on 
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the predictive indicators (EPC labels), it is vital that occupiers and property professionals 

understand the limitations within current modelling. The Royal Institute of British Architects 

(RIBA), the Chartered Institution of Building Service Engineers (CIBSE) alongside the 

Building Services Journals, have all emphasised the importance of evaluating building 

performance-in-use, rather than focusing on the initial design intent. Recommending that 

professionals use BREEAM in-use, or DECs, for assessing buildings’ performance-in-use, 

rather than buildings’ design intent in the form of EPC labels (Carbon Trust, 2005). Property 

professionals should aim to predict realistic consumption levels by using detailed dynamic 

simulation models (DSM) that account for post occupancy data. DECs have proven successful 

in the collection of measured energy performance of public buildings and are currently being 

used to help update existing benchmarks (Bruhns, et al., 2011) alongside being used to motivate 

building users to improve their energy efficiency (Gadi, 2010). Rolling out DECs at a national 

level to the private sector could accelerate delivery of the government’s CO2 reduction targets. 

It could also provide feedback on a building’s performance (to occupiers/investors and at a 

national level) and help bridge the gap between the energy use/CO2 emission label (or 

predictor) and the energy use of the building during its operation.    

The creation, assessment and accelerating of opportunities for deep retrofits of the existing 

nondomestic building stock is, at least, as important as the domestic building sector. 

Furthermore, the investment in energy efficiency of the existing building stock provides greater 

opportunities for CO2 reductions than maintaining high performance standards for new 

buildings. To further increase efficiency and trigger greater behavioral change for both existing 

and new buildings, the industry must start to move from design standards to in-use performance 

verification, and increase public reporting on buildings’ actual CO2, energy, and water use. 

There is, therefore, work to be done in identifying a more realistic representation of buildings’ 

carbon footprint at the design stage, aligned with a regulatory framework which will increase 

visibility and monitoring of a building’s operational performance. 

 

2.14 Chapter 2 Summary 

 

This chapter identified a need to move towards energy efficient, low carbon emitting buildings. 

This need emerged from the continued growth in energy demand and living standards from 

non-OECD nations as well as an expansion in global population. The high calorific value from 

the burning of fossil fuels has resulted in its high dependence in the production of energy. The 
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burning of fossil fuels emits large GHG pollutants into the atmosphere of which carbon dioxide 

(CO2) is the primary GHG that contributes to the greenhouse effect. Deep energy retrofits of 

the existing building stock has been presented by the EU and UK as a mitigation strategy for 

climate change.  Research has identified that the existing building stock holds the greatest low-

cost opportunity for reducing CO2 emissions (of all alternatives), which can also aid both 

national and international governments meet their legally binding, carbon reduction targets. 

The literature reviewed in chapter 2, identified the existence of both short and long-term 

aspirational carbon reduction targets, and that the government needs to achieve a 3% (per 

annum) renovation and replacement rate of the existing building stock, if the property sector is 

to play its part in meeting long term carbon reduction targets. However, limited 

transformational pathways exist on how to reach such targets. Analysis of existing 

environmental policy found that while energy efficiency has increased in importance in recent 

years, the introduction, removal, renaming or replacement of several conflicting instruments 

(50 introduced, removed, renamed or replaced over the years 2000-2015) has resulted in 

conflicting environmental policy. Researchers agree that the existing building stock needs 

several decades of consolidated environmental legislation to realise change. The uncertainty 

that exists with respect to government direction on how it plans to achieve long term CO2 

reduction targets has led to businesses and individual organisations delaying spending and 

investment (in the energy efficiency upgrade of their existing property portfolio), until this 

uncertainty has been resolved.  

The literature review found that limited analysis has been carried out assessing the impact a 

varied policy mix has on lowering energy consumption and carbon emissions from existing 

buildings. Previous research has been limited to analysing the theoretical benefits of better 

integration of environmental policy. However, analysis on the effectiveness of individual 

policy instruments finds that while the government is currently on track to meet its short-term 

carbon reduction targets (due to cleaner electricity), uncertainty exists on achieving long-term 

targets. The impact assessment on the effectiveness of individual environmental policy finds 

some interventions have resulted in lower carbon emissions. However, the scale (or extent) of 

this reduction has been undermined by a disparity, commonly known as ‘the energy 

performance gap’. The literature finds this gap exists as a result of a disparity between energy 

use predicted (EPC labels) and energy use in operation (DEC labels). Given that the property 

industry (rent and price premiums) and government (MEES) are starting to rely on energy 
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labels when benchmarking properties against one another, professional bodies (CIBSE, RIAI, 

RICS) recommend that greather emphasis should be given to ‘in use’ operational certification.  

The literature reviewed in chapter 2 provides context and rationale for investing in energy 

efficiency in the first instance, as well as assessing the potential carbon reduction that exists in 

the building stock. The examination of existing UK environmental policy and EU instruments 

targeting energy efficiency provides possible direction on how long term carbon reduction 

targets can be achieved. However, a knowledge gap (lack of consensus) was identified on the 

pathways towards achieving these long term targets. This gap may be filled through further 

research (carried out in Chapter 3) that assesses transformational pathways on how to achieve 

a low carbon future. In addition, this analysis could be enhanced through the assessment of 

existing techniques and tools as a means of identifying an optimised approach that can be used 

to explore pathways towards achieving a low carbon future.   
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Transformational Pathways towards a Low Carbon Future 
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3.1 Introduction  

 

The previous chapter, in which the research context was introduced, identified the development 

of environmental policy, and assessed barriers and shortfalls that require actions to drive 

change towards a low carbon future. This chapter is a continuation of the literature review that 

provides a narrative analysis on research and which aims to identify a transformational pathway 

towards a low carbon future. The variety of research identifying transformational pathways 

makes it difficult to isolate an optimised pathway towards change. However, the review is 

broken down into three components. Firstly, it introduces the different terminologies used. 

Secondly, it identifies tools used to direct change. Thirdly, it critically analyses literature by 

key authors who have carried out research using a variety of differing transformational 

pathways. In doing so, it contextualises current knowledge (theoretical, methodologies used, 

and analysing research findings) on transformational pathways, identifying where this research 

fits into the context of current thinking. The literature identifies a knowledge gap on the subject 

topic (with respect to knowledge of London’s commercial office building stock), thus 

validating the need for the research in the first place.   

 

 

Figure 3.1 Overview, structure of Chapter 3 
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Figure 3.1 provides a pictorial overview of the different sections that make up chapter 3. 

Chapter 3 commences with an analysis of the term ‘Market Transformation’ and identifies that 

existing structural barriers have resulted in the need for government intervention to drive 

change towards an energy efficient building stock. This moves into an examination of the term 

Transformational Pathways (in section 3.3), identifying literature that highlights typical 

attributes of optimised pathways. This includes the need to be realistic in identifying visions, 

alongside having the pathway aligned with existing international and national carbon reduction 

targets and framed within existing research methodologies. Section 3.4 highlights the 

importance of involving stakeholders in the development of transformational pathways, 

obtaining their buy-in and support to drive change. The review then analyses tools and research 

that utilises scenario planning techniques (in section 3.5) as a means of identifying an optimised 

approach that can be used to explore the pathways towards change. Section 3.5 goes beyond 

assessing traditional scenario planning literature, in critiquing research that assesses pathways 

on how to achieve a defined target. In doing so, it assesses and evaluates the who, what, how, 

pathway, going beyond idealised visions of a low carbon future. Section 3.6 assesses literature 

that quantifies the energy demand of a regional building stock, with the aim of identifying an 

optimal approach, in quantifying the existing level of energy demand from London’s 

commercial office building stock. Chapter 3 then concludes with an examination of literature 

that utilises conceptual frameworks, developed to guide stakeholders toward a low carbon 

future. This allowed for the analysis of a variety of differing frameworks in existence, used to 

identify an optimised approach that brings together a variety of exploratory research methods 

(that assess in-depth analysis on low carbon transition pathways).  

 

3.2 Market Transformation  

 

Market transformation is the term used to describe policy objectives and a programme strategy 

to promote a self-sustained presence of energy efficiency in the market place (York, 1999). It 

is the strategic process of introducing market interventions aimed at altering existing market 

behaviour. This can be achieved through the identification and removal of barriers and 

leveraging of opportunities to further the cost-effective move towards energy efficiency, as a 

matter of standard practices (ACEEE, 2019; IMT, 2019). Market transformation has rapidly 

become the objective of both private and public bodies to support the progression towards an 

energy efficient building stock. Sections 2.6 and 2.7, in chapter 2, identified several policy 
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instruments used by the government, as part of their market transformation strategy, to 

influence change in the built environment towards energy efficiency. The EIMA (2019) 

identifies a sequence of events to transform a building stock towards energy efficiency. Firstly, 

to introduce minimum performance levels (MEES, the Climate Change Act 2008). Secondly, 

to launch best practices to stimulate the market (ex; subsidies, procurement policies). Thirdly, 

to establish state of art level targets (Net-Zero greenhouse gas emissions, by the year 2050) for 

the future (EIMA, 2019). The market transformation strategy works through combining 

policies that move toward banning high energy consuming buildings from the market. It raises 

awarness of energy efficiency design and management, as well as educating both professionals 

and occupiers, on how to improve buildings energy preformance.  Literature on the term market 

transformation emerged in the 1990’s, describing it as the ‘process that substantially increases 

the energy efficiency of all new appliances, buildings, vehicles or other technologies over time’ 

(Nadel, et al., 2003, p.g 2). The introduction of new instruments is generally underpinned by 

classic microeconomic models of markets (supply v’s demand). However, the general 

introduction of energy efficiency in the property market has been hampered by structured 

barriers (see earlier discussion in section 2.8 on split incentives, uncertainity of return in 

investment, performance gap) (Nadel, et al., 2003). Market transformation targets these 

barriers, to optimise efficiency strategies, to move the built environment in a more energy 

efficient direction. Research assessing market transformation pathways can help review 

strategies geared towards adopting energy efficiency, thus improving communication about 

choices, in developing a framework on how to achieve a low carbon future.  

 

3.3 Transformational Pathways 

 

Reducing the energy demand and stabilising of CO2 emissions will require large-scale 

transformations from the way buildings are currently being designed and operated, towards a 

more energy efficient focus approach (Clarke, et al., 2014). The more ambitious the carbon 

reduction target, the more rapid this transformation must occur. This section of the literature 

critically reviews research that assesses a variety of transformation pathways towards achieving 

an energy efficient, low CO2 emitting, future building stock. The variety of research identifying 

transformation pathways makes it difficult to identify an optimised pathway towards change.  

 



  

68 

 

Transformation pathways inherently involve a range of trade-offs that link to other national 

and policy objectives (such as energy costs, energy security, climate change, sustainability, 

international targets, government priorities). Furthermore, pathways change (or evolve) 

depending on government priorities, advances in different technology solutions (nuclear 

power, coal-fired carbon dioxide capture and storage (CCS)), and economic competitiveness 

(Clarke, et al., 2014).  The question also remains on the feasibility of achieving ambitious 

government targets and whether transformation pathways towards achieving these goals are 

realistic. In many circumstances, there are clear physical constraints that can render long-term 

environmental goals physically impossible. For example, if mitigation strategies are not 

introduced soon, or delayed to a large degree (carbon dioxide removal (CDR) options are not 

available), then the goal of reaching 450 ppm CO2eq by the end of the 21st century may become  

physically impossible (Pachauri & Meyer, 2014). Statements about feasibility of pathways are 

bound up in subjective assessments of the degree to which other characteristics of a particular 

transformation pathway might influence the ability or desire of stakeholders to follow them. 

Important characteristics for the success of any pathway assessment includes, economic 

implications, social acceptance of technologies, the rapidity at which change is required, 

political willingness to drive change, and how energy efficiency links to other national 

objectives (energy security, costs) (Clarke, et al., 2014).  

 

Current UK climate policies are aligned with the ratification of the Paris Agreement, with the 

majority of current research examining deep decarbonisation pathways which are aligned with 

meeting the 1.5ºC and “well below 2ºC” Paris temperature limits to global warming. Climate 

action policy to achieve the low-carbon transition will require political decision-making based 

on current and simulated scientific knowledge. The government is starting to utilise scientific 

data (IPCC reports) within the context of international targets (EU roadmap targets, carbon 

targets) utilising strategic planning (scenario planning) techniques, in visualising the world to 

come. Furthermore, scenario planning is being used to present future alternatives and possible 

mechanisms on how to achieve a defined and desired future.   

 

3.4 Stakeholders Involvement in Developing Transformational Pathways 

 

The principle of stakeholder involvement is key to the ideals of developing an energy efficient, 

low carbon future building stock. The governance of sustainable development and the drive 



  

69 

 

towards a more energy efficient society implies a process of societal self-steering that includes 

the involvement of several stakeholders (Meadowcroft, 2007). An example includes the public 

consultation process in the UK climate Change Act 2008, which contains both normative and 

instrumental rationales (Scheer & Hooner, 2010). In the case of normative rationales, this 

consists of a need for governance to support interactive deliberative processes supporting 

values and needs of all society to arrive at a representative societal value to validate the need 

for steering in the first instance. In the case of instrumental rationales, this involves the need to 

access knowledge distribution across all stakeholders, alongside the involvement of societal 

actors to collectively generate new knowledge. Meadowcroft (2007) identifies the national 

government as the principle stakeholder in driving sustainable development and societal self-

steering. This is a result of having clear lines of accountability to the general population at a 

national level. However, difficulties will inevitably remain, as governance alone no longer has 

the necessary authority to produce a position that represents the general interest (van Zeijl-

Rozema et al., 2008). This will inevitably result in the need to have an interaction between 

governance and stakeholders in future policy planning, when it comes to investing in energy 

efficiency. 

  

In developing and evaluating policy on how to make the existing building stock more energy 

efficient, governance must have a number of key features. It must involve the interaction or 

involvement of a number of societal actors, in the generating of knowledge that will inevitably 

aid any future direction. Having reflexivity governance, allows for flexibility to address the 

changing needs of society such as the development of a sustainable, energy efficient building 

stock. In addition to being long term orientated, Svenfelt, et al. (2011) and Parkinson, et al. 

(2012) identify the need to take a holistic approach with respect to addressing and including 

the multi-level character of sustainable development (economical, environmental, and social). 

 

3.5 Scenario Planning tools used to visualise low carbon futures 

 

Section 3.5 critically analyses previous research that assess scenario planning techniques and 

transitional pathways towards low carbon futures. This literature review includes analysis on 

topics such as; the residential and commercial building stock, fuel efficiency in airplanes, 

pathways towards sustainable urban water cycles and national energy demand reduction 

strategies. The literature review found limited research that explicitly explored transitional 
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pathways towards a low carbon, commercial office building stock. This necessitated the 

inclusion of an integrative review on research (methods and findings) that explored a variety 

of low carbon futures. This allows for the review, critique and synthesis of representative 

literature on the subject topic, with the aim of identifying new frameworks and perspectives to 

emerge. This additional body of knowledge includes studies that address related research 

problems such as the drive towards energy efficiency, environmental mitigation strategies, long 

term policy planning and pathways towards sustainable futures. The inclusion of these 

residential based studies allows for the identification of a range of methods in existence, 

alongside the comparison of findings, all of which aids the development of the optimised 

research method. 

 

Futures studies has become the term used to refer to studies concerned with the exploration of 

future states beyond normal budget horizons analysis (Lindgren & Bandhold, 2003, DeTombe, 

2015). While a great deal of uncertainty exists in what happens in the future, futures research 

can help stakeholders (organisations, policy makers) identify potential opportunities and risks.  

Lindgren & Bandhold (2003) identify that an analysis of current trends and how they might 

play out in different futures can assist stakeholders to consider today’s challenges, to test 

solutions, and to optimise maximum benefits. Strategic planning techniques (scenario 

planning, scenario thinking, scenario analysis) are well suited to the exploration of energy 

demand, in a variety of built environment futures.  Parkinson, et al. (2012) advocate the use of 

strategic planning techniques in the analysis of long-term futures with complex systems. A 

long-term perspective is required when analysing the energy demand of the built environment, 

as the turnover of the building stock is low (VOA, 2015) and buildings have long life spans 

(CarbonTrust, 2009). Furthermore, the time taken to facilitate and adjust to the energy demand 

is significant. Strategic planning techniques can be used to understand how alternative futures 

emerge, with the aim of identifying a transitional pathway towards a low carbon, 2050 building 

stock.   

 

In order to identify the full and complex landscape of existing strategic planning techniques 

and their utilisation, a variety of literature was reviewed. This literature review focuses on 

research that analyses energy demand from existing buildings, using a variety of strategic 

planning techniques, predicting a variety of possible, probable, and preferred futures. The term 

scenarios or scenario planning has been used by organisations and policy makers to create long 
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term flexible plans. The term has evolved over decades from classical methods used by military 

intelligence, to early technical scenarios assessing a variety of energy demand futures, 

culminating with modern socio-technical methods (Bradfield, et al., 2005).   Parkinson, et al. 

(2012) identify three main types of scenarios that can be distinguished: Forecasts, Normative 

Scenarios, and Explorative Scenarios.  

 

Forecasting has been identified as the process of predicting the most probable future based on 

current or historical information. Research using forecasts generally extrapolates historic 

trends, under relatively stable conditions, to aid organisations in the process of making 

predictions on future events (Lindgren & Bandhold, 2003: Börjeson, et al., 2006). Forecasts 

are useful in predicting short to mid-term events, thus making it possible to both plan and adapt 

to expected situations (Börjeson, et al., 2006). Parkinson et al. (2012) identify that society, 

business, and individuals have the capacity to shape their own future once they have a vision 

of what this future looks like. This is the case for normative scenarios which are inherently 

policy oriented, designed to identify actions required to lead to the best solution (IEA, 2003). 

Research using normative scenarios focuses on producing the one best solution or the nearest 

possible solution. Börjeson, et al. (2006) identify that normative scenarios can be both 

optimisation and transformation. In the case of optimisation, this involves the refinement of a 

future that is not radically different from the present. However, transformation normative 

scenarios (see Robinson 1982) seeks to identify actions that result in the radical change of a 

system that is fundamentally flawed (Börjeson, et al., 2006). 

 

Explorative scenarios, as the name suggests, are used to evaluate a broad range of plausible 

outcomes (see later chapter 5: possible, plausible, probable, and preferred futures). These 

scenarios develop plausible descriptions of the environment rather than focusing on an absolute 

future. In doing so, turning visions into reality, strengthening the basis for decision making 

(Bell, 2003). Bradfield, et al. (2005) identify that modern explorative scenarios can be divided 

into three different categories based on their development: intuitive logics, probabilistic 

modified trend models, and la prospective. The intuitive logic approach integrates political, 

economic, social, technological, ecological, and legal factors in shaping a potential future. 

Noteworthy projects include those carried out by General Electric and Shell (Shell 

International, 2002). The probabilistic modified trend models involve a trend impact 

assessment which incorporates an analysis on extrapolating historical trends which are then 
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modified and adjusted through the inclusion of expert views (includes both trend impact 

analysis and cross-impact analysis). The la prospective approach does not look at the future as 

a continuation of the past but instead as the outcome of the wishes of various actors and 

constraints imposed by the environment. La prospective scenarios have been used in the past 

to assist in the creation of alternative futures and then the selection of some alternative that 

allows for the maximum freedom of action.   

 

Chermack & Swanson (2008) argues that scenario planning should be the main strategic 

learning tool in organisational development to build stakeholder (organisations and policy 

makers) capacity for coping with the dynamics of future possibilities. Scenario planning is an 

important assessment tool when trying to solve problems that require long-term solutions 

(climate change, energy efficiency in the building stock). During which time one might expect 

adaptive or mitigation strategy to result in a discontinuity of an existing system. In such a 

context, exploratory scenarios can be used by organisations to reshape their future so that they 

are better prepared for such events (Chermack & Swanson, 2008). Bradfield, et al. (2005) 

identify that exploratory scenarios can be used to challenge a number of biases within an 

organisation. As individuals tend to stick to their initial attitudes and values, based on their 

beliefs, scenario planning can provide a variety of alternative visions that challenge 

preconceived ideas. Wilson (1998) identifies that exploratory scenarios should be either useful 

upon application or appreciated for being interesting. Wilson identifies five differing 

underpinning criteria to evaluate this: plausibility, differentiation, consistency, decision-

making utility, and challenge (similar to Ratcliffe, 2002). In the case of plausibility, the 

scenario must fall within limits of what may conceivably happen (a possible, relevant, and 

credible future). Each of the explorative scenarios must be sufficiently different for it not to be 

considered a variation of the base case. The scenarios must evolve through logical reasoning 

that would not undermine its credibility. Each scenario should provide insight into the future 

that evolves to bear on the decision focus selected. Furthermore, the scenarios that evolve 

should challenge the conventional wisdom of stakeholders, with respect to identifying possible 

futures. The variety of exploratory scenario methodologies that exist today allow for significant 

freedom of range in research designs that can be applicable to establishing an approach to 

decision making in an uncertain environment. Parkinson, et al. (2012) categorise a variety of 

methodologies used as part of explorative scenario development and their distinguishing 

features, which can be seen in Table 3.1. 
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Table 3.1 Methodologies variants of Explorative Scenarios 

External: Respond to the question: 

What can happen to the development of 

external factors?  

Strategic: Respond to the 

question: What can happen if we 

act in a certain way?  

 

Börjesona, et 

al., 2008  

 

Deductive: Pick out two critical 

uncertainties and describe the extremes 

of each on a matrix, then develop 

storylines for paths into each quadrant 

of the matrix and descriptions of how 

the world could shift from one quadrant 

to another  

Inductive: A number of different 

chains of events and construct a 

plausible storyline for each chain. 

From this, descriptions of how 

they came about can be interduced   

 

Shell, 2008; 

Davis, 2002  

 

 
 

 

Qualitative: Pure narratives describing 

how the future might unfold or the 

relationships internal to the system 

analysed, without the help of figures  

Quantitative: Give a numerical 

illustration of the evolution of key 

variables or indicators. They are 

often represented through the use 

of a model but may be also 

illustrated through simpler tools  

International 

Energy 

Agency, 

2003  

 

(Parkinson, et al., 2012, p. 376) 

Parkinson, et al. (2012) highlight explorative scenarios based on their purpose, whether the 

exploratory approach focuses on critical uncertainties or chain of events, as well as data 

analysis techniques used. The development of transformation pathways takes a similar 

approach to the development of both European and UK environment policy. These policies 

have evolved, from the oil crisis in the 1970’s, to concerns on climate change and on pollution 

levels threatening the survival of the human species in the 2010’s (see section 2.6). This has 

evolved, from identifying transformation pathways towards achieving sustainable development 

in the 1990’s, towards issues such as transformation pathways towards energy efficiency in the 

building stock in the 2010’s. Stirling et al. (2007) and Steurer et al. (2007) identify sustainable 

assessment and appraisal methodologies that can support the process of negotiating pathways 

for sustainable futures. Strategic environmental assessment often utilises scenario development 

and participatory planning in identifying possible pathways towards policy direction. Stirling 

et al. (2007) and Steurer et al. (2007) recommend the use of a variety of tools and approaches 
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such as alternative futures, visioning, backcasting, foresight, scenarios, in predicting and 

exploring normative function. Frame and Brown (2007), Mannermaa (1986), and Meadows 

(1972) are some early research examples in the area of scenario building and long-term 

modelling of low carbon futures. However, shortfalls exist in these early publications with 

respect to not being integrated as part of any decision-making process.  

 

Loorback (2008) identifies the process of participatory transition of policy in the direction of 

sustainability as a goal-seeking process, which differs over time rather than attempting to tackle 

the challenges using conventional steering. This is done rather than seeing uncertainty as a 

source of unwelcome tension between policy makers, scientists, and stakeholders. Frame and 

Brown (2007) identified uncertainty, with respect to sustainability policy steering, as an 

essential component that may have been previously neglected.  Frame and Brown (2007) 

identified that futures studies can be integrated as part of sustainable development policy 

direction, supporting a governance based on reflection and adaptive paradigm strategies. An 

example includes visions on low carbon futures, alongside assessing the process of their 

development, using process based multi scale approaches, guided by a vision when compared 

to traditional approaches of goal-based optimisation strategies (Bagheri and Hjorth, 2007). 

Bagheri and Hjorth (2007) identify methodologies such as backcasting as a useful approach 

aimed at achieving a sustainable energy efficient future rather than forecasting. Backcasting 

differs to conventional or traditional planning methods which identifies the likelihood of 

different futures. Backcasting judges different futures, based on the desirability of their 

implications, based on a set of norms or values in relation to desired futures (Bagheri & Hjorth, 

2007).    

 

Bradfield, et al. (2005) identifies how research on the topic of scenario planning has evolved 

over several decades. For the most part, research has evolved from technical forecasting 

methodologies used to predicting a probable future, to exploratory social-technical methods 

used to identify actions that result in change. Svenfelt, et al. (2011) identified that early studies 

focused on the technical potential for achieving future CO2 reduction targets. However, once 

the technical potential has been demonstrated, the research then advanced to refocus on how to 

reduce social obstacles (removal of barriers and encourage change/drivers) to bring about 

change. Table 3.2 (which is expanded upon in sections 3.5.1 to 3.5.2) provides an overview of 

the reviewed literature in the area of built environment, energy demand futures.  
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Table 3.2  Scenario Planning Research that focus on Technical Analysis 

Reference Context Findings Type of Study 

IPCC, 2000, 2001, 

2007, 2014, 2018 

The IPCC early 

reports used technical 

modelling however 

recent reports evolve 

to include a mix of 

social & technical 

scenarios modelling 

to form the basis of 

long-term climate 

projections  

Projects the 

atmospheric 

concentration of 

carbon dioxide in the 

year 2100 and 

recommends 

intervention 

measures 

Explorative 

Scenarios with 

common themes 

  

Johnston, et al. 

(2005) 

Bottom up residential 

energy models 

expanding upon 

earlier research by 

Shorrock et al. 

(2001) using 

BREHOMES 

modelling 

Technical feasible 

using current 

technology to 

achieving UK 

housing stock CO2 

emission reduction 

targets, by 2050 

(Combined 83% CO2 

reduction) 

Technical explorative 

Scenarios  

 

Uihlein & Eder 

(2010) 

EU-27 residential 

building stock 

modelling identifies 

cost effective (high 

thermal efficient 

windows or roofs) 

intervention 

measures exist that 

results in a decrease 

in its energy demand 

Cost optional 

refurbishment that 

simulates a 37% 

reduction in energy 

savings by the year 

2060 

Technical explorative 

Scenarios  

 

Kannan & Strachan, 

(2009) 

The model tries to 

minimise discounted 

energy systems costs 

in five-year 

increments (2000-

2070) where 

adjustments in policy 

and physical 

constraints result in a 

range of differing 

scenarios 

Using UK MARKAL 

model simulation 

research find energy 

reduction (60% 

emission target by 

2050) is achieved as 

a result of a 

combination of low 

carbon electricity 

generation, a move 

towards efficient 

end-use appliances, 

as well as the 

introduction of cost-

effective 

conservation 

measures. 

Technical explorative 

Scenarios  

 

https://en.wikipedia.org/wiki/Carbon_dioxide
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Reference Context Findings Type of Study 

Kolokotron et al. 

(2012) 

The research utilises 

weather generator 

(UKCIP02, 

UKCP09) simulating 

heating and cooling 

of an office building 

located within 

London’s Urban Heat 

Island taking regional 

climate change 

futures into account, 

based on IPCC 

scenarios 

The simulated futures 

find the heating 

needs of occupants 

will decrease, 

however, a 

significant increase 

of cooling loads and 

overheating hours in 

naturally ventilated 

buildings will occur 

as a result of climate 

change 

Technical explorative 

Scenarios  

 

Newton and Tucker 

(2011) 

Investigate potential 

transition pathways 

to decarbonising 

Australia’s housing 

stock through a series 

of scenario modelling 

Analysis finds that a 

building stock 

upgrade (or retrofit) 

to a minimum 

standard of 5 Star 

results in 56% CO2 

This figure is revised 

to 74% CO2 savings 

if the minimum 

standard of upgrades 

is set at 7 Star rating. 

Technical explorative 

Scenarios  

 

 

3.5.1 Scenario Planning, Predicting Impact & Mitigating Strategies, for Climate 

Change 

Perhaps one of the best-known scientific bodies to use scenarios as part of their regular climate 

change assessment reports is the Intergovernmental Panel on Climate Change (IPCC). These 

reports have become the scientific basis for projecting climate change. The assessment reports 

identify future risks (high, medium, low) alongside assessing the impact of change (drought, 

floods, extreme heat, and poverty) on weather patterns. In addition, the reports include choices 

on adaption and mitigation strategies (IPCC, 1991). The reports use a variety of different 

scenarios (40 scenarios in the case of SRES), each making a variety of assumptions for future 

greenhouse emissions. These assumptions are based on projections of economic and population 

growth, technological changes, land use, energy availability and variations in the use of 

differing fuel mix. Since its establishment in 1988, the IPCC has published six main reports 

(First Assessment Report-FAR, Second Assessment Report-SAR, Third Assessment Report-

TAR, Assessment Report Four-AR4, Assessment Report Five -AR5, and most recent Special 

Report, Global Warming beyond 1.5˚C -SR15) using a common agreed foundation for 
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modelling climate change. Similar data sets are used in each initial model, so all researchers 

start from the same basepoint, using values all scientists are familiar with. This approach 

reduces duplication, saves time and money and provides a uniform approach to compare 

results, and communicates findings across a variety of different areas.  

 

Girod (2009) identifies the main characteristics of the scenarios used in the IPCC reports and 

how the different methodology used have changed over time. The methodology development 

of the differing scenarios evolves from backward to projective approaches, alongside the 

incorporating of explicit storylines in the most recent reports. The number of underlying 

quantitative models and participating scientists has also significantly increased in recent 

modelling. In addition, the applicability of the scenarios change in each report. For example, 

the SAR series could be used to analyse the consequence of interventions to reduce CO2 

emissions. Whereas the SR1.5˚c series could be used to evaluate the consequence of non-

intervention futures (Girod, et al., 2009). The majority of these reports assess the impact human 

activity has on greenhouse gas emissions (in parts per millions) by the year 2100, alongside the 

impact these emissions have on the planet heating up. According to the IPCC Special Report 

on Emission Scenarios (SRES), CO2 emissions are expected to increase from 490 to 1260ppm 

(75-350% above pre-industrial concentrations) by the end of the 21st century. The modelling 

scenarios predict an increase in global temperatures from 1.1 to 6.4˚C between the years 1990 

to 2100. This results in rising sea levels, changes in precipitation patterns, agricultural yield, 

species extinction, alongside the spread of disease previously contained within hotter climates 

(IPCC, 2000). 

 

The IPCC latest report (IPCC, 2018) summarises the findings of scientists using a variety of 

scenario models demonstrating that it is possible to maintain a temperature rise below 1.5˚C 

this century, achieving targets set in the Paris Agreement (2015). However, in order to keep 

temperature rises below 1.5˚C (temperature below which large scale famine, drought, poverty 

are expected to occur), the scenarios estimate that CO2 emissions must decline by 45% (using 

2010 as a base year) before 2030 and reach net zero emissions by 2050. Both the report findings 

and scenario methodologies developed by IPCC have been used as the basis for the majority 

of EU and UK long term climate change projections (EU low carbon roadmap targets, 

UKCIP02). Both the EU low carbon roadmap and the UK carbon budget set an 80% CO2 

reduction target by the year 2050, which is slightly below the recommended IPCC targets. This 
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current research focuses on the development of a framework on how to help achieve an 80% 

reduction in carbon emissions from commercial office buildings in London by 2050, in line 

with the latest IPCC (2018) recommendations.   

 

Scenario planning research prior to the publication of the IPCC AR4 report in 2007, generally 

utilises technology-based analysis in assessing the impact (and in some cases cost) of climate 

change. Section 3.5.2 expands upon these studies. The IPCC models have since (after 2007) 

evolved to include larger inter-comparison studies that assess the implications and limitations 

(technology cost, performance, and other characteristics) of meeting concentration goals such 

as 450 ppm CO2eq by 2100. These studies utilise large model simulations which include; 

ADAM (Adaptation and Mitigation Strategies: Supporting European Climate Policy) 

(Edenhofer, et al., 2010), AMPERE (Assessment of Climate Change Mitigation Pathways and 

Evaluation of the Robustness of Mitigation Cost Estimates) (Riahi, et al., 2014) Energy 

Modelling Forum (EMF) (Krey, et al., 2014), and RECIPE (Report on Energy and Climate 

Policy in Europe) (Luderer, et al., 2012). In addition to these models, a number of individual 

research papers and reports have explored the impacts of climate change (recommending either 

mitigation or adaption strategies) using constrain single model (Richels, et al., 2007; Krey & 

Riahi, 2009; Van Vliet, et al., 2009; Rogelj, et al., 2013) These studies differ to the earlier 

technology studies in assessing alternatives to technology solutions such as Carbon Capture 

and Storage (CCS) or nuclear power, in decarbonising the electricity supply. Further studies 

assess the impact of constraints on resource supplies and variations in cost and performance of 

different technologies. 

 

3.5.2 Scenario Planning Research, based on Technical Analysis 

 

Numerous energy-economic-environmental quantitative models have been developed to 

simulate differing energy demand futures. Models can be characterised based on how their data 

sets are compiled and are usually identified as either being top-down, or bottom-up models 

(Fortes, et al., 2009). Top down models start with a final figure (total energy consumption for 

the UK) which is then broken down into smaller segments. While bottom-up models begin with 

elementary models (kWh/m2 or EUI of a specific building type subset) which are then 

combined to produce a final figure. Top-down models use aggregated data to assess the benefits 

of policy interventions that are normally not technology specific. While bottom-up models use 
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data on technologies, fuels mixes, or specific policy instruments, to analyse the impact of 

choices made (ECOWAS, 2019). The development and application of technical bottom up 

modelling of the building stock commenced in the mid 1990’s. Its first application to the 

residential building stock was in the UK (Shorrock & Dunster, 1997), Canada (Swan & 

Ugursal, 2009), the USA (Huang & Broderick, 2000), and later Finland (Snakin, 2000). These 

studies focus on technical advances and the impact of these advances have on reducing the 

energy demand and CO2 emissions into the future. These studies have been expanded upon 

(Roberts, 2008, Long, et al., 2010, Aksamija, 2016) in the development of NZEB and carbon 

neutral standards for new and existing retrofits of the building stock (EN15603:2008).  Foliente 

and Seo (2012) identify the benefits of having a pure statistical approach to that used by bottom 

up modelling. These include accurate figures and enhanced morale due to the ability to 

participate in the process. However, they also highlight this methodology lacks the capability 

to capture the impact of specific changes in subsets of the stock being modelled. In recent 

decades, there have been more advances in the development of whole building energy 

performance simulation tools such as Energy Plus and IESVE.  

 

Johnston, et al. (2005) provide an early example of exploratory research using scenario 

planning and identifies that its technically feasible using current technology to achieve UK 

housing stock CO2 emission reduction targets (Combined 83% CO2 reduction), by 2050. The 

research focuses on the development of bottom up energy models, expanding upon earlier 

research by Shorrock et al. (2001) using BREHOMES modelling. The analysis used weighted 

average stock transformation methods where notional dwellings are categorised based on 

whether they were constructed pre or post 1996. The use of two notional dwelling types was in 

line with similar research, UKDCM (Oxford, 2009) and DECarb (Natarajan & Levermore, 

2007), which identified 1996 as the base year. Buildings constructed prior to this date were 

classified as having lower thermal performance (insulation levels & efficiency in appliances) 

than those constructed after this date. This was in contrast to BREHOMES’ research (Shorrock 

& Dunster, 1997) that identified a base year of 1993. This energy demand and supply analysis 

developed and evaluated three possible energy demand futures that may emerge by 2050: 1. 

Business as Usual, 2. Demand Side, and 3. Integrated. The Business as Usual future simulates 

a continuation of current trends, with no substantial change in policy beyond those that already 

exist. The Demand Side simulated a future in which the current rate of uptake of fabric and end 

use efficiency measures were increasingly linked to EPBD legislation. Finally, the Integrated 
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scenario, which was similar to the Demand Side future, although it examines the implications 

of adjustments to the fuel mix concerning the energy supply side. This consisted of adjustments 

to the carbon intensity of natural gas and electricity as a result of the integration of new low or 

zero carbon emitting technology, alongside the capturing and storage of CO2 emissions. The 

research findings suggest that all three future scenarios are projected to reduce energy demand 

over the period 1996-2050. In the Business as Usual scenario, the energy demand is reduced 

by 21%, while the Demand Side sees a 50% energy reduction. Further modelling occurs in the 

Integrated scenario (insulation adjustments, airtightness, heating system adjustments of the 

building stock), which sees a combined CO2 emission reduction of 83% by the year 2050.  

 

Research by Johnston, et al. (2005) provides insight into identifying relevant building attributes 

for energy demand modelling and how adjustments result in reduced energy demand and CO2 

emissions. The research also incorporates analysis (in the differing scenarios) on the impact of 

tightening EU CO2 reduction targets and identifies technological measures to be introduced 

into reducing energy demand. However, shortfalls exist in that the research does not expand 

upon advances in current (post 2005) technologies, assumes the housing stock will utilise only 

two forms of energy (natural gas & electricity), with no renewables. The researchers also 

identify that they do not analyse the steps and actions required to realise change and fall short 

on critically analysing a pathway towards a low carbon future.  

 

Research on EU-27 residential building stock identifies additional cost effective (beyond 

traditional new builds, or major renovations) intervention measures exist that will result in a 

decrease in its energy demand (Uihlein & Eder, 2010). Uihlein and Eder (2010) use residential 

building stock modelling across the EU to calculate the building stock development for each 

country. To model the building stock, the total EU-27 floor area (m2) was divided into six 

different building types (new single-family houses, existing single-family houses, high rise) 

from the years 1900 to 2100. Limitations in the availability of up to date data resulted in the 

researchers assuming the portion of buildings in each stock, within each category (20% single 

family & multifamily homes, 10% high rise) for the base year, 2006. The modelling was used 

to estimate the energy demand and CO2 emissions for residential space heating (based on 

national statistics or Eurostat data). The research advocates the introduction of high energy 

standards (specifically for high thermal efficient windows or roofs), as well as measures that 

accelerate the replacement of building elements. Three different policy scenarios simulated a 
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variety of different futures over different time periods: 1. EPBD-base case, 2. Cost Optimal, 

and 3. Cost Optimal scenario with acceleration.  The scenarios also incorporate a series of 

sensitivity adjustments based on the assumed levels of energy efficiency (level O represents 

older building stock with low energy efficiency, where level 3 represents high energy efficient 

buildings built from 2014 onwards) in the building stock.  The scenarios see adjustments to 

account for renovation rates and energy efficiency of the building stock (as a result of 

modifications to the renovation & refurbishment rates and buildings fabric). The scenarios also 

incorporate cost data concerning cost optional renovation and refurbishment of the building 

stock. In addition, the scenarios contained modelling which simulated the installation of 

increased energy efficient elements (high thermal efficient windows/roofs) outside normal 

renovations. The costs were based on data from Germany for the year 2000, which incorporated 

country-specific costs, derived from applying a building cost index to the net price (BKI, 2009). 

The EPBD base case scenario (2000-2060), which follows the existing and planned 

environment legislation, sees an increase in the building stock by the year 2060 (2.5 times 

higher compared to 2000 levels), alongside a 0.9% decrease in persons/occupiers, per 

household.  This scenario simulates an energy savings of 840PJ between the years 2010 and 

2060. The Cost Optional scenario simulates a future with an additional 30% energy savings 

(when compared to EPBD scenario) as a result of sensitivity adjustment for cost optional 

energy efficient upgrade to the building stock. In addition, the Cost Optimal scenario with 

accelerated refurbishment (to windows and roofs to a higher energy efficient standard for 

renovated buildings) sees this figure increase to an energy savings of 37%. Overall, the 

additional capital investment in energy efficiency is offset by the energy cost savings. The 

additional costs to upgrade the energy performance of buildings (specifically roof and window 

refurbishment) are small. However, this concentrated investment provides a cost effective 

(+7% overall) energy savings by the year 2060. 

 

Uihlein and Eder’s (2010) research provides useful insights into building stock modelling that 

can enhance future scenario modelling. For example, the researchers classify construction rates 

in the building stock as the sum of net construction and demolition rate combined. They also 

identify a 40-year time period between major renovations of the building stock. Furthermore, 

the researchers use the total floor area (m2) to estimate the energy demand of the building stock. 

However, similar to early (aforementioned) technical building stock modelling, the research 
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has shortfalls.  There is no analysis of policy or intervention measures best suited to achieving 

a desired future.  

 

Early technical, bottom up residential models (BREHOMES, Johnston, Fawcette, UKDCM) 

have been described as sectoral modelling (or housing stock models), distinguishable based on 

different levels of housing stock detail being assessed. These residential models explore a 

variety of low CO2 futures and differ based on input assumptions (renovation and replacement 

rates, energy supply and demand assumptions). Kannan & Strachan (2009) identify several 

shortfalls using these models. They rarely interact with energy systems, assume a specific 

emission factor to account for CO2 emissions associated with electricity, as well as ignoring 

alternative cost-effective emission reduction measures. This has led to the development of the 

MARKAL numerical model software. The software incorporates various parameters such as 

building performance, energy costs, plant costs, and performance when chosen an optimal 

technical mix to meet demand at minimum costs (MARKAL, 2019). Initially developed by the 

International Energy Agency (IEA), this software forms the basis for ‘residential energy 

modelling’ around the world. It is distinguished from scenario making in that it tries to simulate 

a ‘what if’ framework. The model tries to minimise discounted energy systems costs in five-

year increments (2000-2070) where adjustments in policy and physical constraints result in a 

range of differing scenarios (Kannan & Strachan, 2009).  

 

Kannan & Strachan (2009) carried out comparison research using both energy systems (UK-

MARKAL) and sectoral modelling (housing stock modelling), simulating long term 

decarbonisation scenarios of the UK residential sector. Residential energy demand and CO2 

emissions were compared from both approaches exploring technological pathways for 

achieving an economic wide 60% CO2 reduction target by 2050. The analysis concludes that, 

for the 60% CO2 reduction to be achieved, similar reductions in energy demand are not 

essential. In the case of energy systems analysis (UK MARKAL models), energy reduction 

(60% emission target by 2050) is achieved as a result of a combination of low carbon electricity 

generation, a move towards efficient end-use appliances, as well as the introduction of cost-

effective conservation measures. In the case of sectoral modelling (housing stock modelling) 

energy demand is altered as a result of alternative approaches and assumptions made in relation 

to the building stock and behavioural changes. The researchers identify shortfalls using both 

approaches. The sectoral models do not account for costs or energy system trade-offs, whereas 
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the energy systems approach has shortfalls in identifying the impact of behavioural change and 

weakness in assessing individual housing stocks. Kannan & Strachan (2009) identify the key 

challenge in energy system modelling is to find a balance between the depiction of the entire 

energy system pathways versus sectoral details. The researchers concede that it is currently 

practically impossible to use both technological pathways modelling simultaneously, due to a 

range of issues. These include inconsistencies in modelling time horizons, data availability, 

and differences in solving computational problems. However, they highlight the importance of 

understanding both approaches in providing different insights to stakeholders (organisations, 

policy makers) when exploring differing futures. Future opportunities may exist in using both 

methods in the area of non-cost behavioural drivers of residential energy demands, as well as 

impact assessment of upstream energy chain competition on indirect CO2 emissions (Al Qadi, 

et al., 2017). 

 

AI Qadi et al. (2017) identify how technical bottom up scenarios have evolved to take future 

climate projections into account (weather files in model simulations) for predicting the 

performance and estimating the energy demand of buildings. Kolokotron et al. (2012) use 

weather files based on climate projections (LSSAT software) investigating future indoor 

climates of commercial offices, in central London. Unlike previous mathematical 

transformations based on historical weather data (Belcher, et al., 2005) the research utilises a 

weather generator (UKCIP02, UKCP09) simulating the heating and cooling of an office 

building located within London’s Urban Heat Island. However, the research (Kolokotron et al., 

2012) differs to previous research, in that it takes regional climate change futures into account, 

based on IPCC scenarios. The simulated futures find that although the heating needs of 

occupants will decrease, a significant increase of cooling loads and overheating hours in 

naturally ventilated buildings will occur as a result of climate change. Furthermore, the research 

provides a useful insight into a variety of passive design strategies (night-time cooling, 

adjustment for thermal mass, adjustment of operating systems) for building designers to 

simulate their optimised performance goals, prior to the construction process.  

 

Recent housing models have evolved to analyse a new class of hybrid building (Newton & 

Tucker, 2011). These hybrid buildings can be classified as Net zero-energy buildings, Carbon-

neutral buildings, or Zero-carbon buildings. Newton and Tucker (2011) investigate potential 

transition pathways to decarbonising Australia’s housing stock (through a series of scenario 
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modelling). The research uses data on detached single storey dwellings for modelling (using 

AccuRate software) operating energy performance. The building stock was assessed based on 

its specific Star rating in accordance with the National Home Energy Rating Scheme 

(NatHERS 2009). With a rating scale from zero to ten (0 being the worst energy performers, 

10 most energy efficient), the NatHERS rating was based on the sum of both cooling and 

heating requirements and the thermal performance of a building’s envelope. The building stock 

was categorised based on its star rating, with a 5 star rating being the minimum rating for new 

dwellings built in 2003 (base year). A star rating of 2.5 represents buildings built prior to 2003, 

while 7 stars represents likely future standards. Adjustments were made for: building envelope, 

its built-in appliances, and local energy generation, in each of the five simulated models 

(existing pre-2003 homes, recent house, existing house with local energy generation, CO2 

emission neutral house, and zero CO2 emission house). Newton and Tucker’s (2011) analysis 

finds that a building stock upgrade (or retrofit) to a minimum standard of 5 stars results in a 

56% CO2 saving (2.5 stars of the existing building stock upgraded to a minimum 5 star rating). 

This figure is revised to 74% CO2 savings if the minimum standard of upgrades is set at a 7 

star rating, upgrading the existing stock to a hybrid or higher energy building standard.  The 

research provides insight into technical sensitivity adjustments (i.e. changing plug in 

appliances to energy efficient appliances can deliver 52% CO2 savings, etc.) that simulates 

different energy efficiency and CO2 adjustments of the existing building stock. This research 

differs to previous housing stock modelling in that the researchers advocate additional non-

technical intervention measures.  The researchers underline the importance of economic 

instruments and challenges on how best to communicate information to end users to influence 

behaviour change. Newton and Tucker (2011) highlight that policy cannot be based on 

technical modelling only and that additional research is needed to assess intervention measures 

required to drive behavioural change towards a low energy consumption and CO2 emitting 

building stock.  

 

3.5.3 Scenario Planning Research, based on Socio-Technical Analysis  

 

Developing a sustainable energy efficient, low carbon building stock is an enormous challenge. 

However, the main challenge does not seem to be of a technical nature. Several research studies 

identify (using proven technologies) that it is possible to design an energy system that produces 

only a fraction of current CO2 emissions (IPPC, 2001; Johnston, et al., 2005; Kannan & 
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Strachan, 2009; IPCC, 2018). Rather than a lack of technical solutions, a problem seems to 

exist in identifying the transition or pathway towards a sustainable, energy efficient building 

stock system. As identified earlier, exploratory scenarios can help stakeholders (organisations, 

policy makers) assess strategies to visualise change. Elzen & Hofman (2007) identify that early 

technical scenarios have a series of shortcomings in identifying a transitional pathway towards 

change. While early building stock modelling has a strong technical bias, they generally ignore 

societal and behavioural change. Elzen & Hofman (2007) emphasised the importance of 

assessing both technical change (energy supply issues) alongside social/behavioural change 

(energy demand issues) when analysing long-term transitions. They identify social challenges 

such as driving forces, and stakeholder actions and their interactions and how they influence 

the rate and direction of technological change. The difference between socio-technical and 

technical methods are not explicit in previous research. However, Elzen, et al. (2002) 

distinguish between different scenarios based on the dominant drivers of change.   

 

This section of the literature reviews research that incorporates both quantitative (or technical 

analysis) and qualitative (or stakeholder engagement through: workshops, questionnaires) as 

part of futures studies.  

 

Table 3.3 Summary of Socio-Technical Analysis research 

Reference Context Type of study 

Svenfelt, et al. (2011) Exploring Scenarios 

focused on the 

fulfilment of national 

targets (50% building 

stock energy demand 

by 2050)  

Explorative, 

qualitative analysis 

that includes 

backcasting on how 

to achieve a desired 

future 

Parkinson, et al. 

(2012) 

 

Exploring Scenarios 

for the Future of 

Energy Management 

in Property  

Explorative, 

qualitative scenario 

end-states in 2050  

 

 

Table 3.3 summarises a number of research projects that utilise socio-technical analysis as part 

of their scenario building. Parkinson et al.’s (2012) research explores future energy 

management in the UK property sector and seeks to provide the rationale for the use of expert 

judgement as opposed to technical bottom up modelling. This was based on an optimistic view 

that individuals, society, and businesses have the capacity to shape their own future, once they 
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have a vision of what they would like that future to be. The research (Parkinson et al., 2012) 

was based on a detailed literature review and questionnaire, as well as three exploratory 

workshops, used to identified key driving forces of change. The exploration of driving forces 

resulted in the analysis of four differing futures of how the world might look in 2050. The 

research methods build upon previous research (SEMBE project) that calls for simultaneous 

change in behaviour towards energy management in the built environment. The driving forces 

of change were consolidated by assessing them in relation to one of five STEEP (Social, 

Technological, Economic Environmental & Political) categories alongside identifying their 

influence (high, medium, low) on change.  The STEEP framework is a common tool used in 

futures studies (IEA, 2003, Lane et al., 2003, WEC, 2007, Foresight, 2008, SEMBE, 2008, 

Shell, 2008, O’Brien et al., 2009). The scenarios were presented as a hypothetical newspaper 

article from 2050, providing an overview on each future (steady progress, transformation 

change, comfort without concern, growing divide). The exploratory workshops resulted in 

several impact assessments (energy users, property subsectors, opportunity for new market 

investment) of the differing futures that emerge. There was no consensus (in the working 

group) on a preferred scenario. However, participants did identify the benefits/flaws 

(stakeholders) that exist living in each future. This dissent may exist as a potential conflict of 

interest between differing stakeholders within the property industry and the general public. 

However, there was consensus in different areas, for example participants agreed that energy 

efficiency would be driven through retrofitting rather than through new developments.   

 

Parkinson et al.’s (2012) research has potential significant implications for any future scenarios 

that want to go beyond simplified, technical exploration, in identifying feasible future. It 

provides insight into existing methodologies on exploratory scenario development, 

incorporating local expertise with an understanding of social challenges (such as drivers of 

change and future challenges for investing in energy efficient upgrade). The methods used 

incorporate a framework not commonly found as part of technical bottom up housing stock 

modelling. The incorporation of analysis on social challenges as part of a research methodology 

may provide insight into potential actions on how to remove barriers and failures that have 

resulted in a high energy consuming building stock. This exploratory approach can also 

validate a proposed framework on how to encourage investment in the energy efficient upgrade 

in the first instance, alongside exploring the potential impact of change. Parkinson et al. (2012) 

identify limitations with relying on social exploratory scenarios alone as part of any research 
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methodology. The exploratory scenarios are highly dependent on the judgement, experience, 

and knowledge of participants and quality of information available to contributors. Parkinson 

et al. (2012) advocate combining both social and technical information as part of a scenario 

development, providing a synergy in approaches leading to the developing of a framework that 

incorporates a long-term transition towards change. 

 

Parkinson et al.’s (2012) research provides an overview of explorative, qualitative scenario 

development that identifies an end-state in 2050, as an alternative approach to traditional 

technical bottom up, housing stock modelling. Svenfelt, et al. (2011) carried out similar socio-

technical research, however they focused on how to fulfil national targets to decrease energy 

consumption. Svenfelt, et al. (2011) took an alternative approach towards socio-technical 

scenario building, combining both backcasting and focus group methodologies in identifying 

possible measures for achieving the 50% decrease (national target) in energy consumption in 

the Swedish building stock by 2050. The workshops take a stepwise approach (four backcasting 

steps) in firstly identifying the problem and system boundaries. Secondly, it analyses current 

trends and forecasts analysis. In this step, the authors identify that it is technically possible to 

reach national energy reduction targets using available technologies (see Åkerman, et al., 

2007). However, in practice this depends on human behaviour. The third step consisted of the 

development of future images of where the targets were fulfilled. The working group chose to 

develop two differing future scenarios: the first depending on technological advances, while 

the second was dependent on behavioural changes. These future images were discussed in five 

different working groups (property owners/managers, builders/ contractors, residents, users of 

commercial properties, authorities), which were distinguished based on stakeholder 

participating. The main research outputs were ideas for strategies and measures needed to 

achieve national energy reduction targets. 

 

The research methodology used by Svenfelt, et al. (2011) takes a similar approach to Dreborg 

(1996) in presenting solutions to a specified societal problem (i.e. the potential unfilled 

environment targets). The backcasting approach frames the research in working backwards 

from a particular future to determine what policy interventions are required to realise that future 

(Robinson, 1982). Svenfelt, et al. (2011) identified 250 specific measures for achieving change, 

as an output from the five working groups. Some of these were not necessarily new, as they 

already existed or were under development. The stakeholder groups suggest change primarily 
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in organisational and social spheres, as opposed to technical innovations, as they felt technical 

measures already existed. However, shortfalls exist in identifying behavioural change, or new 

innovative ways to implement change. Thus, identifying stakeholders responsible for change 

differs based on who is participating in each working group.  For example, the authority 

working group had low expectations of occupiers’ behaviour change and had higher confidence 

in technological solutions. While residents had high expectations of behavioural change and 

low expectations from the building sector. The general perception in each working group was 

that someone other than themselves should take responsibility for change. The researchers 

suggested that this responsibility gap could be filled through increasing responsibility of a third 

party (authority) that can coordinate the various actors. Svenfelt, et al. (2011) emphasised the 

importance of taking advantage of driving forces of self-motivated actions, which do not need 

strong incentives or intervention to realise change.  

 

Svenfelt, et al. (2011) identify that their study put more of an emphasis on the processes of how 

to fulfil national energy reduction targets than in previous socio-technical studies emphasising 

vision development (Parkinson et al., 2012). The research finds that there is sufficient technical 

potential to achieve 2050 energy reduction targets. However, this will only be realised through 

the introduction of environmental policy that focuses on actions that promote change. The 

research recommends a coordinated campaign at a local level with energy agencies, tradesmen, 

consultants, local authorities, and local press, if national targets are to be met.  The researchers 

recommend that the analysis should be further developed to include stakeholder feedback on 

the potential impact of change. Svenfelt, et al.’s (2011) research identifies a framework on how 

to achieve stakeholder buy-in through a framework of engagement as part of a problem-solving 

process. However, the authors are self-critical and identify the research has shortfalls, in that 

the analysis did not examine how the actual future can be realised. The research could be 

expanded upon through an examination of coordinated measures such as the inclusion of policy 

instruments, prioritising specific actions, and identifying actual pathways towards achieving 

national energy reduction targets.  

 

The above literature has explored approaches for innovating change that sets out ambitions to 

significantly reduce energy demand and CO2 emissions from the existing building stock. 

Increasingly, research has evolved, recognising that in order to achieve deep structural change, 

technological innovation alone is insufficient. There is now a requirement to include a social 
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element in identifying actions (behavioural change, innovation) on how to realise technical 

feasible change. There has been limited socio-technical examination of London’s commercial 

office building stock.  There is however increasing application of socio-technical scenario 

development within housing research, both internationally and nationally, which this current 

research has drawn upon as part of its research methodology development. Examining both 

social and technical challenges of change would help to address a number of knowledge and 

policy gaps in London’s commercial office building stock context, facilitating a long-term 

transition towards a low carbon future.  

 

3.5.4 Transitional Paths that focus on achieving a Defined & Desirable Future 

 

Previous research focused on CO2 mitigation pathways both on a global or regional scale. 

Global CO2 mitigation scenarios were assessed by Shultz and Kasting (1997), Akimoto et al. 

(2004), Syri et al. (2008),  Gurney et al. (2009), den Elzen et al. (2009), Calvin et al. (2009), 

Ekholm et al. (2010), with regional studies were conducted by Wu et al. (1994), Aki et al. 

(2006), Kannan (2009) Dagoumas and Barker (2010) and Gomi et al. (2010). However, none 

have taken technology advances or assessed the impact policy change has on differing futures. 

To achieve low carbon targets that will reduce the impact of climate change, major 

transformation is required. The retrofit of the existing building stock to reduce its CO2 emission 

per kWh/m2 is required, alongside social change in attitudes towards energy efficiency. 

Backcasting scenarios (in contrast to exploratory scenarios) assess ‘how to get to a desired 

future’ through the assessment of pathways that focus on achieving a defined and desirable 

future (Dreborg, 1996; Robinson, 2003). Robinson (2003) identifies that backcasting takes the 

desired end-point as a starting point, with analysis focusing on the steps back in time, on how 

the future is achieved.  

 

Backcasting scenarios were utilised by the Royal Commission for Environmental Pollution 

(RCEP, 2000) as the basis for developing early UK, CO2 reduction targets. The report ‘Energy 

the Changing Climate’ was based on scenarios that described snapshots of energy systems with 

differing patterns of energy supply and demand. The report identified a framework in which 

60% carbon reduction targets are achieved by 2050. Mander, et al. (2008) identify that the 

backcasting methodology can utilise both qualitative and quantitative data. The majority of the 

early technical UK energy scenarios studies (see section 3.5.2) use quantitative data, however 
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recent studies (see section 3.5.3) have evolved to interpret this data through qualitative 

storylines.  

 

Wangel (2011) identifies that backcasting can be utilised for a variety of differing purposes 

depending on the research aim and rationale. Therefore, methods used can be distinguished 

based on their outcome (Börjesson, et al., 2006). Wiek, et al. (2006) classify previous research 

as either result orientated or as participation orientated using creative workshops. In the case 

of workshops, the backcasting methodology can be adjusted to better suit the desired outcome 

decided upon by participants. Result orientated can be distinguished further depending on 

whether the study is action orientated, pathway orientated, or target orientated. Wiek, et al. 

(2006) identify that these techniques are not mutually exclusive, as a single study can include 

all three orientations. Wangel (2011) identifies the benefits of including backcasting as part of 

any research methodology, as it can be used to explore the question of ‘what can change’, 

assessing socio-technical approaches to achieving a carbon reduction targets.  

 

Table 3.4 Literature review of studies that use Backcasting Scenarios  

 

Target 

Orientated 

Research Overview Pathway-

Orientated 

Research Overview 

Krewitt et 

al. (2007) 

The 2 °C scenario — A sustainable 

world energy perspective 

Green and 

Vergragt 

(2002) 

Towards sustainable 

households: a 

methodology for 

developing sustainable 

technological and social 

innovations 

Åkerman 

(2005) 

Sustainable air transport — On 

track 2050. 

Vergragt 

and Brown 

(2007) 

Sustainable mobility: 

from technological 

innovation to sustainable 

learning 

Van Der 

Graaf et al. 

(1997) 

Sustainable technological 

development for urban-water 

cycles. 

Hisschemöll

er and Bode 

(2011) 

Institutionalized 

knowledge conflicts in 

assessing the possible 

contributions of H2 to a 

sustainable energy 

system for the 

Netherlands 

McDowell 

and Eames 

(2007) 

Towards a sustainable hydrogen 

economy: a multi-criteria 

sustainability appraisal of 

competing hydrogen futures. 

Svenfelt et 

al. (2011) 

Decreasing energy use in 

buildings by 50% by 

2050 — a backcasting 

study using stakeholder 

groups 
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Target 

Orientated 

Research Overview Pathway-

Orientated 

Research Overview 

Giurco et 

al. (2011) 

 

Backcasting energy futures using 

industrial ecology. 

  

Robèrt et 

al. (2007) 

Biofuels in the energy transition 

beyond peak oil. A macroscopic 

study of energy demand in the 

Stockholm transport system 2030. 

  

Geurs and 

Van Wee 

(2000) 

Backcasting as a tool to develop a 

sustainable transport scenario 

assuming emission reductions of 

80–90% 

  

Gomi et al. 

(2007) 

Scenario study for a regional low-

carbon society 

  

Åkerman 

and Höjer 

(2008) 

How much energy can the climate 

stand? — Sweden on a sustainable 

path in 2050 

  

Anderson 

et al.  

(2008) 

The Tyndall decarbonisation 

scenarios — Part II: Scenarios for 

a 60% CO2 reduction in the UK 

  

Mander et 

al. (1998) 

The Tyndall decarbonisation 

scenarios — Part I: development 

of a backcasting methodology with 

stakeholder participation 

  

 

The results of a literature review on research that utilises backcasting methodologies are 

presented in Table 3.4, arranged depending on whether the research focused on target 

orientated or pathway-orientated approaches. The research focuses on exploring what can 

change. Krewitt et al. (2007) explore the potential for a 60% reduction in carbon emissions by 

2050. The research focuses on analysis of the change (or adjustments) needed to the supply 

and demand of the energy system, quantifying the intervention needed to reach carbon 

reduction targets. However, the research is limited to exploring the technical potential of 

reaching carbon reduction targets, with the authors acknowledging additional research is 

required to examine social and institutional interventions required to realise change. Åkerman 

(2005) carried out research that focused on identifying achieving sustainable air travel by 2050. 

In addition to this study, Der Graaf et al. (1997) carried out research that examined a pathway 

to achieving sustainable urban water cycles. However, both studies have limitations in that they 

are technical potential assessments on how to realise change. This is contrasted with research 

by McDowell and Eames (2007) that assessed the social, economic, and environmental 

assessment of hydrogen futures for the UK. The research focused on opening a debate 
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(resulting in 6 visions of differing futures), rather than identifying an optimum sustainable 

hydrogen future. The research resulted in the sustainable appraisal of technology and 

infrastructure interventions needed. However, the research did not assess stakeholder roles and 

responsibilities for change, which made it difficult for the research to identify a pathway 

towards change (social, technical, & economical intervention). Giurco et al. (2011) used 

backcasting scenarios in their research on industrial ecology. This study was not aimed at 

exploring stakeholders in the scenarios however, focused on industrial ecology which resulted 

in the need for industrial collaboration. Unlike earlier technical studies this research did not 

have a quantitative goal, however, the scenarios were in accordance with the principles of 

industrial ecology, which resulted in the research being target orientated.   

 

Gomi et al. (2007) highlight the important roles local government plays as a stakeholder in 

directing change. Gomi et al.’s (2007) research focused on low carbon futures in Shiga, Japan, 

identifying the steps and actions required to realise a low carbon future. Policy interventions 

were identified as playing an important role to set up dialogue and partnership, specifically, in 

areas such as land reform, transport planning, incentives for low CO2 technologies and housing 

policies. However, shortfalls exist in that the developed scenarios did not assess the 

collaborated efforts required to realise change. Åkerman and Höjer (2008) carried out research 

assessing the kind of policy intervention required in each scenario and concluded uncertainty 

in the future calls for flexible governance. The introduction of stringent non-flexible policies 

would result in lock-ins with unsustainable outcomes. Åkerman and Höjer (2008) found that 

substantial intervention was needed in areas such as spatial and institutional structures to realise 

reduction targets. Their research provides interesting insights into sustainable governance and 

poses questions on whether policies are needed to be flexible (readjust in the event of 

intervention not working) or whether the process of policy making needs to be more flexible.  

Mander et al. (1998) provide an early example of backcasting scenarios in the UK, in which 

the researchers outline a pathway for achieving a 60% reduction in CO2 emissions by 2050. In 

the study, six different images of a future emerge, with pathways of transition developed. The 

energy demand (housing, transport, nuclear, local v’s centralised energy generation) analyses 

assess the impact of a variety of interventions (technology, behaviour, infrastructure, social 

variables) necessary to bring about change. The resulting scenarios are made up of objectives 

and measures of change. One of the scenario’s (ESCOs) long term aims was to improve energy 

efficiency and reduce carbon emissions. This simulated future was achieved through the 
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introduction of an independent regulator in charge of policy change, whose remit included 

additional social, environmental, and economic oversight. The CO2 reduction was achieved 

through private public partnership (energy industry, government, investors) in the development 

of carbon capture and storage intervention policy. While this research was relevant to its time, 

recent UK government research (Mander & Miller, 2018) identifies shortfalls on relying on 

carbon capture and storage in mitigating climate change. Mander & Miller (2018) identifies a 

number of barriers (cost, energy requirements, and that the process eventually releases CO2 

into the environment) that have led the UK government to move away from investing or 

promoting carbon capture and storage in meeting its legally binding carbon reduction targets. 

 

Green and Vergragt (2002) utilised a pathway orientated framework that explores how and by 

whom change could take place. The research developed and tested strategies for the 

development of sustainable future households. The backcasting scenario utilised stakeholder 

workshops, creativity methods, and normative scenarios in producing a multi stakeholder 

innovation framework that can be used by designers in the construction of new sustainable 

homes. This research resulted in the development of a SusHouse methodology that explored 

social and technological innovations for household functions, making use of pathway 

orientated scenarios instead of policy or target orientated scenarios. The difference being a 

matter of scale, where the pathways evolve from a micro level based on household functions 

(Green and Vergragt, 2002). A similar study by Vergragt and Brown (2007) assessed 

sustainable mobility that focuses on learning in the greater Boston area. The research realised 

innovative solutions through public private partnership that encourages the introduction of new 

mobile technologies. The collaboration of universities, technical institutes and private high-

tech enterprises led by the government (technological innovation through regulation) resulted 

in a drive towards efficiency in automobiles, providing personal mobility. 

 

Hisschemöller and Bode (2011) carried out backcasting scenarios assessing whether a change 

towards hydrogen could contribute to a sustainable future energy system in the Netherlands. 

The exploratory workshops saw stakeholder dialogue on the extent that technological change 

requires institutional change and vice versa (Hisschemöller and Bode, 2011, p. 2). The resulting 

backcasting scenarios present a variety of measures that focus on the process of change (public 

transport and lease companies act as driver for customer change). The government were tasked 

as the main instigators for change (regulation, tax incentives, investment in infrastructure). In 
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doing so, it linked technology and institutions in the development of a socio-technical scenario 

of a low carbon future. Hisschemöller and Bode (2011) explore pathways for change analysing 

existing systems and adjustment required for institutional change. Svenfelt et al. (2011) used 

stakeholder working groups to identify a pathway towards achieving low energy consuming 

buildings (50% reduction) by 2050. The main research outputs were ideas for strategies and 

measures needed to achieve national energy reduction targets (see earlier section 3.5.3). The 

research can be classified as a pathway orientated study, as the working group put more of an 

emphasis on the process of how to fulfil national energy reduction targets than in previous 

studies (Parkinson et al., 2012). However, although the research finds that there is sufficient 

technical potential to achieve 2050 energy reduction targets, this will only be realised through 

the introduction of environmental policy that focuses on actions that promote change. 

 

Shortfalls exist in the aforementioned literature on research that utilises backcasting 

methodologies. There is a lack of explanation on social structures, limited assessment on who 

is responsible for change, and a lack of stakeholder involvement in a transition path towards 

change. Latour (1987) identifies that shortfalls using a backcasting methodology may exist as 

a result of the original research focus, which is usually linked to an education pathway, as 

opposed to change pathways, alongside funded research with a particular focus. The 

backcasting methodology tends to have a focus on social practice, while the exploration of 

social structure has limited analysis. Bucchi and Neresini (2008) identify that change should 

focus on social pragmatism, analysing the influence that behaviour change has on economic 

conditions, the impact of information campaigns, as well as economic incentives. In the 

research case, the developed framework incorporates adjustments based on feedback on the 

performance of the recommended policy and stakeholder interventions. In doing so, it 

incorporates adjustment pathways that focus on the transition towards change.  

 

The examination of a selection of backcasting studies that focused on the development of 

sustainable futures has found that researchers typically assess a topic, exploring the questions 

of what and how an existing system can change. The examination of the responsibilities (how 

and by whom) for change is rarely included in the analysis, however. Thus, the focus appears 

to be increasingly on the awareness of how measures and responsibility are identified. Socio-

technical research incorporates social structure as part of the exploratory scenarios and 

generally combines technical potential and behavioural change, which is dependent on future 
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human activities. Research, to date, has not been explicit about these activities and limitations 

existing with respect to identifying obstacles to overcome (e.g. the policy landscape in which 

the future image is embedded and through identifying a pathway of transition to take place). A 

general finding from the literature is that there are very few publications that assess the social 

structure in which the scenarios are developed. This makes it difficult to assess the extent to 

which the presence or absence of social structures in the scenario developed is because of these 

not being included in the methodology. This lack of clarity (for example: limited assessments 

of barriers and drivers of change) reveals a rather non-reflective approach to including social 

structures in backcasting scenarios, as well as assessing the implications this might have. This 

literature review explored the inclusion of social structures using backcasting studies for low 

carbon futures. In order to get a comprehensive understanding of the need to change, an 

analysis of barriers within the existing system, alongside an examination of the drivers of 

change, is needed. In doing so, a desired future will emerge in which barriers are removed and 

drivers are encouraged. This will then steer the built environment towards an energy efficient, 

low carbon future.   

 

3.6 Quantifying the Energy Demand of Regional Building Stocks  

 

Energy modelling, quantifying the energy demand of specific regions or cities, has been used 

in the past to inform policy makers on the scale of actions required, alongside justifying 

intervention in the form of energy efficient policy (The UK National Energy Efficiency Action 

Plan, 2014).  However, to date, the larger portion of academic research on the topic deals with 

the domestic building stock (Richardson et al., 2008; Lorimer, 2012; Hughes et al., 2013; 

Palmer et al., 2013). This may be down to two main reasons: firstly, that the largest consumer 

of energy from the built environment comes from the domestic building stock (8.5million 

domestic buildings emitting 136.8MtCO2e compared to 1.8million non-domestic emitting 

67MtCO2e in the UK (BPF, 2013). Secondly, the domestic building stock is easier to quantify 

due to similarities in function, characteristics, building geometry, and fabric when estimating 

energy demand, which cannot be said for the non-domestic building stock. Energy demand 

studies that assessed the existing non-domestic building stock include research by Yamaguchi 

et al. (2007), which included a ‘district cluster approach’ based on dynamic simulation of 677 

buildings in Osaka City. The model quantified the energy use intensity of different districts 

providing one of the first examples of regional building energy demand research. Another 
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approach includes the N-DEEM model (Pout et al., 1998, 2002; Mortimer et al., 1999; Bruhns 

et al., 2000; Steadman et al., 2000). The N-DEEM model estimates the ‘total carbon emissions’ 

for the non-domestic UK building stock through the amalgamation of data on floor areas and 

energy consumption per building. However, the authors conclude that the model lacks 

sufficient time series data to enable analysis of future scenarios of energy consumption of the 

building stock. Jones et al. (2000) developed an ‘energy and environment prediction’ model 

(EEP) using data from the non-domestic benchmark values in conjunction with databases on 

property types. Coffey et al. (2009) used a ‘time-varying energy consumption model’ based on 

the commercial building consumption survey, developed by the US energy information 

administration. While the number of case studies (buildings used) and specific attributes varied, 

a common feature in all these studies is that the energy consumption is normalised and 

expressed as kWh/m2/yr, which is commonly known as the Energy Use Intensity (EUI).  

 

The EUI is obtained from published standards of typical building consumption patterns, 

produced from a representative sample of buildings or physics-based energy models. The EUI 

figure for buildings with similar functions and use are then scaled up to a larger set of buildings 

in estimating a gross energy demand of a district or city. Prez-Lombard et al. (2008) present a 

case for the standardisation of energy consumption based on building use rather than 

construction or physical characteristics when it comes to non-domestic building stock. This is 

where variability in energy demand for activity related services will classify buildings 

according to their function. This was true in the case of the N-DEEM models, which were 

based on buildings of 10 different categories with respect to non-domestic buildings. Wyatt 

(2011) expanded upon the N-DEEM models, subdivided the building stock into 13 bulk types. 

In the aforementioned research case, the EUI estimates were based on a representative data set, 

all with a similar function, alongside subcategories of buildings that have heterogeneous energy 

patterns, where the EUI value provided an expression of the probability distribution function, 

which accounts for uncertainties around expected energy demand. Sepiegelhalter and Best 

(2003) identified that probability distribution function removes uncertainties associated with 

the variability of energy demand due to differences in maintenance, technologies, building 

specification, and age.  

 

All of the aforementioned models are identified as bottom-up models, as opposed to top-down 

models. Where the data sets are based on a collective of individual buildings extrapolated to a 
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given region or city. In contrast, top-down models start with the aggregate energy consumption, 

which is then subdivided into differing building types. The bottom up models predict the energy 

demand of the existing building stock through the modelling of differing individual building 

types within the stock. They require substantial additional time and effort for data collection 

and cleansing when compared to top down models (Reinhart et al., 2013; Sehrawat and Kensek, 

2014) using representative buildings that provide an overall energy demand figure for the total 

population. Data cleansing often results in a significant reduction in the original data sources 

in the process of validating the raw data. Previous research by Godoy-Shimiz et al. (2001), 

Godoy-Shimizu, et al. (2011) Hawkins et al. (2012), and Armitage et al. (2014) identify data 

cleansing totalling 6%, 6%, 4%, and 11% of the original data source. The representative sample 

should cover all buildings for the specific type of building. The most common characteristics 

such as average energy consumption within each energy label range can be used to model a 

representative building energy model. This research takes a similar approach to Hyunwoo et 

al. (2017) in identifying the following procedure when developing a bottom-up energy model. 

Hyunwoo et al. (2017) recommend that the data sets should be, firstly, collected and 

categorised based on their function. Secondly, buildings should be then clustered based on their 

specific type. Thirdly, the energy consumption should be quantified based on usage and, 

fourthly, the total energy consumption should be obtained by aggregating it with the number 

of units of total area of the building stock (Hyunwoo et al., 2017).  

                                                                                                                                                                   

As energy policy decisions require more in-depth detailed information to address future 

planning intervention, building stock energy models have evolved, from subjective qualitative 

surveys, to comprehensive quantitative analysis using sophisticated computer software. This is 

also the case concerning energy consumption modelling of UK offices. Some of the early 

models (Bordass, et al., 2001; Knight et al., 2005) saw comprehensive surveys of small samples 

of office buildings, where data was gathered from direct contact with in-house facility 

management teams. This was followed with less detailed surveys consisting of larger survey 

samples (BRE, 1998; Action Energy, 2003; BBP, 2010) of commercial office buildings which 

evolved into statistical and building physics models (Bruhns, 2008; Bowles et al., 2011) using 

large scale surveys as input data. All these examples provide slightly differing EUI figures 

specific to each region of city assessed. However, small scale comprehensive surveys provide 

detailed information on building types but can be difficult to extrapolate to the entire building 

stock. Furthermore, care must be taken to ensure that the data is representative of the overall 
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building stock. In the case of large, less detailed surveys, the data can provide benchmark 

information on the building stock as a whole. However, it does lack detailed information that 

identifies the different drivers of energy performance.  Energy demand models enable estimates 

to be made, assessing the impact potential changes may have on future energy demands. 

However, the detail and extent of data required relates back to the analysis methodology used 

and the reason for carrying out modelling in the first place. 

 

3.7 The development of Conceptual Frameworks to guide stakeholders towards low 

CO2 futures  

Heinrich (2009) identifies that even careful collected results can be misleading if the 

underlining context of assumptions are wrong.  For this reason, the conceptual framework on 

the concepts, beliefs, assumptions, expectations, and theories that inform the research are key 

parts to any research design (Miles, et al., 1994). Miles, et al. (1994, p. 18) define a conceptual 

framework ‘as a written (or visual) product, that explains the main items to be studied, key 

factors, concepts or variables and the presumed relationship between them’. The term ‘research 

problem’ and ‘conceptual framework’ are often used interchangeably. However, the research 

problem forms part of the conceptual framework, used to formulate solutions, which is a key 

task of any research design. Researchers generally identify the conceptual framework as part 

of the literature review. Maxwell (2005) highlights that this can often be misleading, as the 

development of a conceptual framework should not be limited to a literature review or a 

summary of a body of theoretical knowledge. Taking this approach could lead to the research 

taking a narrow focus, limiting connections between authors (ending up as a series of book 

reports) or even lead to descriptive reporting of previous research (Maxwell, 2005).  

 

Maxwell (2005) identifies that conceptual frameworks are research that is constructed, not 

found, incorporating pieces that are borrowed from elsewhere. However, the structure is 

generally coherent, something that is build, not something that exists ready-made. It is 

important to pay attention to existing theories and research that are relevant to the existing 

study, because these are often key sources for understanding the topic area. However, existing 

theories can often be misleading, or not applicable when applied to a different area (i.e. data 

on residential buildings or attributes, not always applicable to the non-domestic building stock). 

Heinrich (2009) found that many of the ideas in literature were incorrect, and subsequent 

research led to a much more comprehensive and well-supported theory of change needed.  This 
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emphasises the need to critically examine existing theory, methodologies, ideas from research 

findings, to determine a valid or useful model for constructing a theory that will adequately 

inform an existing body of knowledge.  

 

Maxwell (2005) identifies that four main sources exist that can be used to construct a 

conceptual framework in any field. Firstly, is information based on experiential knowledge, 

which consists of insights based on the researcher’s skills, experience, and competence 

developed over time on a subject topic. However, Mills (2000) identifies shortfalls on relying 

on experiential knowledge only, in developing a conceptual framework, in that a threat of bias 

may exist, which needs to be limited from the design.  The second source consists of a 

framework developed around an existing theory, which encompasses everything from grand 

theory (behaviourism, psychoanalysis, rational choice theory) to specific everyday 

explanations of events. Becker (2007) identifies that research can make excellent use of an 

existing theory, in both expanding and adding new knowledge. However, care must be taken 

to differentiate ideas and concepts from those that are prevalent in literature. Frameworks that 

try to fit insight into existing theories may possibly result in deformed arguments, weakening 

logic, thus making it harder to see how new framing of a phenomenon might contribute to 

existing knowledge. The third source consists of developing a framework through experiments, 

challenging researchers to come up with plausible explanations based on observations and to 

think about how to support or disprove ideas. The fourth source consists of developing a 

framework through pilot or exploratory studies. However, although exploratory studies have 

similarities to prior research, they focus more precisely on concerns and theories, where the 

research evolves based on the development and testing of ideas alongside exploring the 

implications of change on an existing system.  Light et al. (1990) identify that many features 

of design (in the case of both quantitative and qualitative research) could not be determined 

without prior exploratory research. In this research case, the framework is based on exploratory 

research (literature, working group discourse, analysis of the High Green Growth CO2 model), 

as opposed to other sources (experiential knowledge, existing theory, thought experiments). 

Maxwell (2005) and Ravitch & Riggan (2011) identify the unique process of developing a 

conceptual framework for each study, thus specific guidelines on how to develop each are not 

of much use. However, Maxwell (2005) recommends the integration of different components 

with one another and that the conceptual framework should link back to solving the research 

questions, aim, and objectives. 
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Table 3.5 Literature that utilise Conceptual Frameworks, to guide Stakeholders towards 

Energy Efficiency, or Low Carbon Futures 

Reference Context Findings Type of Study 

(Georgiadou, et al., 

2012) 

Research aims to 

identifying a 

conceptual 

framework on how to 

‘future-proof’ the 

energy performance 

of buildings 

Researchers argue 

that futureproofing is 

needed at the 

planning and design 

stage, prior to 

construction, in order 

to establish a more 

flexible, resilient 

building stock.   

The authors assess 

both energy trends 

and STEEP drivers 

of change, and use a 

future-proofed’ axes 

graph in the 

development of their 

long-term conceptual 

framework 

(Hammer, et al., 

2011) 

The development of 

conceptual 

framework on 

protocols to guide an 

OECD Green Cities 

programme 

Proposal for a policy 

framework for an 

urban green growth 

agenda 

Blend together a mix 

of both qualitative 

(examining case 

studies from a variety 

of metropolitan 

regions) and 

quantitative (OECD 

database used 

examine progress 

over time) evidence, 

in testing a variety of 

research hypotheses 

(Keirstead, 2006) Research on the 

Domestic Energy 

Consumption in the 

UK, examining 

differing frameworks 

in academic literature 

Puts forward an 

integrated framework 

as a basis for 

domestic energy 

consumption and 

models the 

interactions between 

government policies, 

standards, housing 

stock, market 

structure and 

households 

Actor-Network 

theory, as a basis for 

these agent-based 

integrated 

frameworks for 

domestic energy 

consumption and 

models the 

interactions between 

agents (including 

government policies 

and standards, 

housing stock, 

market structure and 

households 

(Laski & Burrows, 

2017) 

The World Green 

Building Council 

recently launched a 

new Net Zero Carbon 

Buildings 

Commitment report 

The framework 

advocates tracking, 

verification and 

reporting of 

buildings’ in-use 

energy performance 

and for stakeholders 

to invest in their 

existing portfolio to 

demonstrate that their 

The report outlines a 

variety of 

coordinated actions 

towards 100% Net 

Zero carbon 

buildings by 2050 
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Reference Context Findings Type of Study 

buildings achieve 

energy performance 

better than local 

regulatory minimum 

requirements 

(UK-GBC, 2019) The project aimed to 

develop a consensus 

on a high-level 

definition for the 

term Net Zero, which 

includes both 

operational energy 

that accounts for 

embodied energy and 

whole life carbon 

emissions 

Provides a useful 

framework on how to 

reduce embodied 

carbon and reduce 

the energy demand, 

through increased 

renewable energy 

supply and offsetting 

for new builds 

Utilised industry task 

group in developing 

high level framework 

on achieving Net 

Zero buildings 

Table 3.5 provides a summary of context, findings, and types of studies from a literature review 

on research that led to the development of several conceptual frameworks on how to reduce 

energy consumption or CO2 emissions in the built environment. The conceptual frameworks 

were imagined to guide stakeholders (governments, business, NGO’s, or designers and 

property professionals) to work together under an umbrella framework, in which policy leads 

the way on driving change. This literature review includes analysis on topics such as; Net Zero 

Buildings, domestic energy building consumption, Green City Programmes, the term ‘future 

proofing’ in respect to the energy performance of buildings. This allows for the review, critique 

and synthesis of representative literature on the subject topic, with the aim of identifying new 

frameworks and perspectives to emerge.  

 

The UK Green Building Council (2019) have recently launched a high-level framework on 

how to achieve Net Zero Carbon Buildings for all new builds, from 2030, and for all existing 

buildings by 2050. The guidance framework was developed by an industry task group, which 

consisted of representatives from 37 different business and 13 trade associations, professional 

institutions and non-profit organisations. The project aimed to develop a consensus on a high-

level definition for the term Net Zero, which includes both operational energy that accounts for 

embodied energy and whole life carbon emissions. The framework builds upon existing 

definitions (RICS whole life carbon, World GBC definition for net zero) for Net Zero carbon 

construction and operational energy. The task force utilises and recommends the gradual 

tightening of existing regulations and standards (building regulations, local plans, future home 

standards) alongside recommending the mandatory reporting of operational energy 
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performance ratings for all commercial buildings, using Energy Use Intensity (EUI) targets. 

The report recommends the transition towards using operational energy ratings as the basis of 

minimum base energy efficiency standards for all commercial buildings. The report provides a 

useful framework on how to reduce embodied carbon and reduce the energy demand, through 

increased renewable energy supply and offsetting for new builds. However, shortfalls exist in 

the framework on how to identify a transitional path towards upgrading the existing building 

stock, and how to identify or account for the embodied carbon of existing buildings. The 

authors identify that the framework is in its development stage and is currently being issued to 

industry for feedback, with an indicative timeline for a final framework to be issued by 2021.  

 

Georgiadou, et al. (2012) carried out research with the aim of identifying a conceptual 

framework on how to ‘future-proof’ the energy performance of buildings. The authors identify 

a knowledge gap (designers, developers, contractors) on building energy performance and 

recommend a greater emphasis on long term thinking, to reduce the impact buildings have on 

their environment. Georgiadou, et al. (2012) identify the term ‘Future-proofing’ as an emerging 

research agenda, and state that there was no widely accepted definition on the terminology 

amongst scholars and building professionals. The design process was identified as key to 

identifying, selecting, and accommodating energy efficient measures, on how to explicitly 

account for low carbon technologies, in the operation and management of a building. The 

authors assess both energy trends and STEEP drivers of change, in the development of their 

long-term conceptual framework, for future proofing (by 2050) the energy performance of 

buildings. The authors identify that energy consumption has significant social, economic, and 

environmental consequences (Georgiadu et al., 2012). A ‘future-proofed’ axes graph was used 

to develop the design framework, which included an assessment of sustainability issues, 

lifecycle thinking, and accommodating risks and uncertainties that affect the energy 

consumption of buildings. Georgiadou, et al. (2012) recommend further research and that 

existing energy assessment methods are refined (incorporate energy life cycle analysis) to 

better incorporate futureproofing as part of the design process. The study follows an 

interdisciplinary approach and is targeted at the design teams, with aspirations to achieve 

resilient and flexible low-energy buildings in the long-term. Georgiadou, et al. (2012) argue 

that futureproofing is needed at the planning and design stage, prior to construction, in order to 

establish a more flexible, resilient building stock.   
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Hammer, et al. (2011) produced an OECD regional development working paper that examines 

the state of knowledge about green growth in cities and which identifies a conceptual 

framework on protocols to guide an OECD Green Cities programme. It builds the case for the 

urban green growth agenda by examining the economic and environmental conditions that have 

pushed the green growth agenda to the forefront of policy debate and assesses the critical role 

of cities in advancing green growth.  The framework commences with the identification of 

terminologies and a discussion on the importance of green growth. This expands into an 

examination of policies and tools that enable the transition towards green growth in cities, 

which forms a key driver in the development of the conceptual framework. The framework 

uses six green growth scenarios (baseline case, green sector growth, economic greening, multi 

sector growth, sectoral displacement, economic stagnation) to identify a range of potential 

economic outcomes that evolve as a result of perusing green growth and economic policies. 

The model inputs consist of assessing policy instruments (public spending, financial tools, 

regulations, information campaigns) influence on energy, green services, pollution prevention, 

mobility, building, and natural resource management. The researchers blend together a mix of 

both qualitative and quantitative evidence, in testing a variety of research hypotheses. The 

qualitative research utilises case studies from a variety of selected metropolitan regions (Paris-

IDF, the Chicago Tri-State area, Stockholm and Kitakyushu), in which green growth policy 

initiatives are linked to measurable outcomes. The framework identifies a variety of policy 

obstacles that must be addressed if green growth is to be pursued in more cities around the 

world. The quantitative analysis consisted of the development of metropolitan environmental 

performance data, to examine the extent to which progress has been made in different cities 

over time. Data was drawn from existing OECD datasets and other sources covering a range 

of cities.  Hammer, et al.’s (2011) research differs to previous studies (Doust, 2014; Joachim 

& Spangenberg, 2014) that seeks to characterise sustainable and green cities, as the research 

assesses the impact green growth policies have on job creation, economic attractiveness, and 

environmental quality. The conceptual framework fills an information gap by addressing the 

issues across a range of geographical, economic, and national regulatory contexts and 

establishes protocols on how to guide an OECD Green Cities programme.  The policy 

framework forms an urban green growth agenda that guides policy direction based on a set of 

hypotheses of desirable economic scenarios. The framework concludes with suggestions for 

future research, including recommendations on how national policymakers responsible for 

regional and urban policies can advance an urban green growth agenda.                                                                                                                                                   
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Keirstead (2006) carried out research on the Domestic Energy Consumption in the UK, 

examining frameworks in academic literature that assess the UK’s energy policy. Keirstead 

(2006) developed an integrated framework on how to encourage energy conservation that 

includes additional contextual factors such as cultural values and behavioural interactions with 

technologies. Keirstead (2006) identifies that a flexible agent-based framework is needed to 

stimulate debate and clarify the role of an integrated approach to domestic energy policy. 

Keirstead defines the existence of two broad frameworks on how to encourage energy 

conservation in the UK’s domestic sector. Firstly, a ‘disciplinary framework’ and secondly an 

‘integrated framework’ (Keirstead, 2006). The disciplinary frameworks identified by Keirstead 

(2006) are the same as the theoretical construct (cultural model), identified by Lutzenhiser 

(1992). These are compiled based on household energy consumption (behavioural assessment) 

using existing approaches in engineering, economics, psychology, sociology, and 

anthropology. 

 

Keirstead (2006) puts forward a second model, the ‘integrated framework’, which seeks to 

identify drivers of behaviour, and assess the relationship between these drivers. Keirstead 

(2006) uses an Actor-Network theory as a basis for these agent-based integrated frameworks 

for domestic energy consumption and then models the interactions between agents (including 

government policies and standards, housing stock, market structure and households). This 

modelling allows for the examination of the interactions between individual agents and their 

environment at a micro-level. This allows for the examination of macro-social behaviours that 

emerge, which link closely to generative social science (Epstein & Axtell, 1996). The 

modelling also has parallels with bottom-up modelling of physical science (Keirstead, 2006). 

The advantage of this approach (integrated framework) is that researchers can use their 

disciplinary expertise to specify a particular type of driver or environment when utilising 

models.  

Laski & Burrows (2017) recently launched a new Net Zero Carbon Buildings Commitment 

report, on behalf of the World Green Building Council, which challenges businesses, 

governments and NGO’s to take advanced climate actions by setting ambitious targets to 

eliminate operational carbon emissions from their building portfolios. The report outlines a 

variety of coordinated actions (that focus on operating emissions, net zero energy generation, 

carbon neutral technology, embodied carbon, and energy positive buildings) towards achieving 

100% Net Zero carbon buildings by 2050. The Green Building Council advocates that 
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stakeholders (businesses, governments and NGO’s) work towards mass market transformation 

through the development and introduction of tools such as regional certification schemes 

(developed, certified and monitored by National Green Building Councils) and collaborate 

through knowledge sharing and educational resources. 

 

The Net Zero Carbon Buildings Commitment is unique in that it combines requirements of 

reduction of energy demand through energy efficiency measures and renewable energy 

solutions to decarbonising the grid. It also requires tracking, verification, and reporting on in-

use operating emissions using existing reporting protocols, in which the focus is on metered 

actual energy consumption and carbon emissions. The Commitment requires signatories to 

report on their progress and demonstrate a net zero carbon emissions balance at a global 

portfolio level. In addition, demonstrate building level improvements, including certification 

of assets, where possible. Laski & Burrows (2017) identify that a green building certification 

programme (that includes minimum standards above local regulations) would help demonstrate 

that businesses, government, and NGO buildings achieve an energy performance standard. In 

doing so, it helps reduce the overall energy consumption as a core component of a portfolio 

decarbonisation strategy. The commitment requires signatories to report annually on both 

energy demand and carbon emission reductions, to ensure both are being addressed adequately. 

A decarbonisation plan to identify possible interventions, technologic solutions tailored for an 

organisation’s portfolio, will identify the types of measures required. Furthermore, the plan 

requires adjustments to be made on an annual basis (continuously reducing CO2 emissions until 

net zero is achieved). For both portfolio and asset-level (building-level) verification, there are 

several existing tools in the market that organisations may choose to adopt, including those 

operated by regional Green Building Councils, to determine a net zero carbon emissions 

balance at portfolio or building level. This approach will ensure that the initiative will deliver 

results towards eliminating carbon emissions from the built environment, without requiring 

bespoke reporting. 

 

The literature identified in Table 3.5 summarised a number of conceptual frameworks, 

developed to guide stakeholders towards an energy efficient, low CO2, built environment 

future. The emphasis seems to be on the introduction (or gradual tightening) of environmental 

policy, to drive change, alongside a transition in focus, from design intent certification (asset 

rating), towards an in-use building performance (operational rating) when certifying/validating 
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the energy performance or CO2 emissions of buildings. Furthermore, the topics have evolved 

from a technical examination of the feasibility of change, towards an examination of the drivers 

of change. In addition, the frameworks take into account the interactions of a variety of 

differing policies and use models to simulate the influence of these policy integrations on 

simulating change. Section 2.6 identified that an ad-hoc environment policy has emerged over 

the last 15 years in the UK. This has come about as a result of a change in government priorities 

and the introduction of new policies to demonstrate compliance with the EU’s EPBD (in an 

already congested space), which has introduced conflicting priorities in existing policies. 

Gardner & Robinson (1993) identify the benefits of having a clear conceptual framework, in 

that it provides a foundational structure, to which all stakeholders understand the process 

(existing & proposed policy) and their obligations in the transitional pathway towards change. 

The introduction of a government directed conceptual framework, which focuses on energy 

efficiency, could provide the driver needed. This is where instruments work together to achieve 

a single target (or intermediate targets, such as quantifiable CO2 reductions), namely, to steer 

the built environment towards a low carbon future. 

 

3.8 Chapter 3 Summary 

 

Chapter 3 provides a narrative analysis on previous research,  to identify an optimised 

transformational pathway towards a low carbon future. The earlier literature review (Chapter 

2) found that the introduction of energy efficiency in the property market has been hampered 

by structural barriers (split incentives, uncertainity of return in investment, performance gap). 

Despite the existence of an abundance of environmental policies and instruments, energy 

efficiency has not improved to the point that will enable long-term CO2 reduction targets to be 

met. The existence of both market failures and barriers have resulted in the need for government 

intervention to improve the energy performance/CO2 reduction in the existing building stock. 

This chapter assessed literature that explored a variety of market transformation pathways 

towards achieving low carbon futures. The literature reviewed a range of differing topics 

(pathways towards mitigating climate change, energy/CO2 reduction in the built environment, 

sustainable water cycles, energy grid decarbonising strategies) with the aim of identifying an 

optimised approach to the research been undertaken.  
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The literature examined found that methodologies used to explore low carbon futures have 

evolved from technical forecasts (used to predict probable futures), to exploratory social-

technical methods (used to identify actions that bring about change). Early technical UK energy 

scenarios used quantitative data to identify actions that simulate a reduction in energy/CO2 

demand. These studies have since evolved to interpret the data findings further (hosting 

working groups, integrating local expert opinion) through the incorporation of qualitative 

storylines identifying pathways towards change. However, shortfalls exist in the research 

findings, in respect to the scenario planning literature reviewed, in that there was no emphasis 

on the process of achieving change. The exploration of a variety of research methods identified 

that society, business, and individuals have the capacity to shape their own future once they 

have a vision of what this future looks like.  Backcasting was identified as an appropriate 

research method that can be utilised once a defined or desired future as been established 

(through scenario planning) to determine policies and actions that connect that specified future 

to the present. In doing so, turning visions into reality, strengthening the basis for decision 

making.  

 

The literature reviewed in chapter 3 provides a useful insight into existing methodologies, the 

analysis of which outlines an application framework to solve the research questions. An 

example includes research by Uihlein and Eder’s (2010) that provides insight into building 

stock modelling. Uihlein and Eder’s (2010) identified that bottom up energy demand modelling 

requires additional time and effort compared to top down modelling. However, bottom up 

modelling provides a more representative data sample when estimating the energy demand of 

a region or city. Other examples include case study analysis of research by Pout et al. (1998) 

Jones et al. (2000) Bruhns et al., (2000) and Coffey et al. (2009) in which a common approach 

was found, that energy consumption is normalised and expressed as kWh/m2/yr, commonly 

known as Energy Use Intensity. The identification of similarities in previous research methods 

aids the development of a research simulated energy demand model. Limited research exists, 

in respect to quantifying the current energy demand of London’s commercial office building 

stock. A review of key authors (methodologies, findings) such as Bruhns, et al. (2011) and 

Hyunwoo et al. (2017) identified an optimised approach to data cleansing, ensuring that data 

is representative of a regional building stock, enabling data samples to be extrapolated to 

represent a larger population. This critical analysis of literature provided insight into existing 



  

108 

 

techniques in energy demand modelling, allowing for the examination of the energy efficiency 

potential that exists within a region or city.   

 

The literature review identified conceptual frameworks as having an ability to synthesise a 

variety of research methods on how to reduce energy consumption/CO2 emissions in the built 

environment.  A variety of conceptual frameworks were reviewed to help guide stakeholders 

(governments, business, NGO’s, or designers and property professionals) to work together 

under an umbrella framework, with policy leading the way on driving change. These 

frameworks have evolved over the years from technical examination on the feasibility of 

change, towards assessing the drivers of change. The literature that assessed frameworks 

towards low carbon futures differs to the earlier analysis on market transformation and 

pathways methodologies (using scenario planning techniques, backcasting), in that it allows 

for the assessment of the integration of different components (policy integrations, stakeholder 

actions). In doing so, the conceptual framework is presented as a possible research output that 

can be used to guide stakeholders in identifying an optimised approach towards realising a low 

carbon future.   

 

The literature reviewed in chapter 3 assessed a variety of different methodologies, used to 

develop, assess and visualise pathways towards change. The methodologies not only examined 

the current conditions (energy demand) and ideal visions of a low carbon future (utilising 

scenario planning techniques), but also included an assessment of methodologies (backcasting) 

that assess the steps and actions needed to realise change.  A conceptual framework was 

identified as a potential research outcome, that could be used by stakeholders to direct change 

towards a low carbon emitting London commercial office building stock.  The literature review 

contextualised current knowledge (theoretical, methodologies used, and analysis of research 

findings) and identified where this research fits into the context of current thinking. The 

literature also identified a knowledge gap on the subject topic (London’s commercial office 

building stock), which validates the need for this research in the first instance. The forthcoming 

chapter highlights the philosophical and methodological approach to the research undertaken, 

to compile and analyse primary and secondary data. Chapter 4 provides an overview of the 

differing data collection and analysis techniques, which are further expanded upon in chapters 

5, 6, and 7.  
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4.1 Introduction  

 

The previous chapters (chapters 2 & 3) focused on a review of literature on existing policy, 

building performance indicators, and research that assessed the potential to reduce energy 

demand from London’s commercial office buildings. The literature review also focused on the 

development of transformational pathways on how to realise a low carbon future, thus 

establishing the context for this research, alongside identifying where this research fits in the 

context of current thinking. This chapter highlights the philosophical and methodological 

approach to the research undertaken to compile and analyse primary and secondary data. Figure 

4.1 provides an overview of the different sections that make up chapter 4, namely the 

introduction, overall methodological foundation, and research methodology. This chapter also 

provides an overview of the differing data collection and analysis techniques, which are further 

expanded upon in chapters 5, 6, and 7.  

 

Figure 4.1 Structure of Chapter 4 
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4.2 Methodological Foundation 

 

Existing built environment research utilises either a strong qualitative or a strong quantitative 

methodology. However, both qualitative and quantitative approaches can also be applied to a 

single study (Amaratunga et al., 2002). Questions of method are secondary to questions of 

paradigm, which evolves through the process of research in developing an opinion that guides 

the investigator (Guba and Lincoln, 1994). When considering the initial research design, the 

selection of the most appropriate methods was based on the research aim, the research 

questions, and the area under investigation. With this in mind, it was crucial to know and 

understand the relevant methodology and their benefits in order to select the appropriate 

research method (Amaratunga, et al., 2002). The paradigm of choices recognises that different 

methods are appropriate for different situations. Table 4.1 provides a pragmatic view and a 

summary of some of the strengths and weakness of both qualitative and quantitative research 

methods, applied to similar scenario planning research studies in the past.  

 

Table 4.1 Advantages and Disadvantages of different Scenario Techniques 

Process and Advantages & Disadvantages of a variety of Scenario techniques 

Technique Example Advantages Disadvantages  

Judgment Genius 

Visualisation,  

Role playing, 

Coates and 

Jarratt 

Taps into intuitive 

understanding of the 

future Genius, Coates and 

Jarratt – requires no 

special training or 

preparation Visualization 

sociodrama – can lead to 

novel insights and 

revelations 

Opaque, not transparent 

Genius, Coates and Jarratt – 

relies on the credibility of the 

individual Visualization, 

sociodrama – requires some 

training and experience to do 

well; users may resist 

relaxation or dramatic 

techniques 

Baseline Trend 

extrapolation, 

Manoa, systems 

scenarios, trend 

impact analysis 

Easiest for client/ 

audience to accept 

because generally 

expected already Manoa 

– highly elaborated, 

creative, lots of detail 

Systems scenarios – 

shows dynamic 

relationships among 

scenario elements Trend 

impact – links events 

with trends 

No alternative scenarios 

proposed 

Manoa, systems scenarios – 

futures wheel, cross-impact, 

and causal models require 

some training and experience 

to do well Trend impact – 

requires judgment to estimate 

impacts, best done with 

group of experts, perhaps 

using Delphi 
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Process and Advantages & Disadvantages of a variety of Scenario techniques 

Technique Example Advantages Disadvantages  

Elaboration 

of fixed 

scenarios 

SRI matrix,  

In casting 

Easiest for 

client/audience 

participation because 

scenario kernels/logics 

are done for them 

Provides in-depth 

elaboration of alternative 

scenarios 

Generic scenario 

kernels/logics might not be 

relevant to client/audience; 

therefore less buy-in SRI 

Matrix – many have an 

intuitive sense of the best-

case and worst-case 

scenarios already; filling in 

the cells of the matrix with 

many rows (domains) might 

become tedious 

Event 

sequences 

Sociovision, 

Divergence 

mapping, Future 

mapping 

Tells the story in the 

usual way, as a series of 

events If probabilities at 

each branch point are 

known, can calculate the 

probability of end-states 

Probability trees, sociovision 

– events/branch points 

usually do not follow each 

other in a fixed sequence 

Divergence mapping – 

events are not always easy to 

classify according to time 

horizon Future mapping – 

pre-defined end-states and 

events might not be relevant 

to the client/audience 

Backcasting Backcasting, 

horizon mission 

methodology, 

impact of future 

policy change 

Creative because it 

decreases the tendency to 

extrapolate the future 

based on the past and the 

present; therefore can 

provide new insights Also 

results in a sequence of 

events or breakthroughs 

Fantastical nature of the 

mission or end-state might 

reduce buy-in for 

client/audience Impact of 

Future Technologies – 

process for developing 

signposts and 

recommendations still 

opaque 

Dimension 

of 

uncertainty 

Morphological 

analysis, field 

anomaly 

relation, GBN, 

option 

development 

and evaluation  

Best for considering 

alternative futures as a 

function of known 

uncertainties GBN –the 

right mix of technical 

sophistication and ease of 

use for a professional 

audience OD/OE – allows 

for the calculation of 

consistency among 

different combinations of 

alternatives (scenarios) 

MORPHOL – allows for 

the reduction of scenario 

combinations by the 

Less creative because may 

not consider some novel 

developments that are not 

currently considered 

uncertain GBN – almost 

impossible to fully 

characterize the uncertainties 

of the future with just two 

dimensions OD/OE, 

MORPHOL – almost 

impossible to make valid 

estimates of the compatibility 

or influence of all 

alternatives against all other 

alternatives 
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Process and Advantages & Disadvantages of a variety of Scenario techniques 

Technique Example Advantages Disadvantages  

exclusion and likelihood 

of some pairs of 

alternatives; also allows 

for calculating the 

probabilities of 

different scenarios if the 

probabilities of the 

alternatives are known 

Cross-

impact 

analysis 

IFM, SMIC 

PROB-

EXPERT 

Calculates the final 

probabilities of 

alternatives or end-states 

based on rigorous 

mathematical procedure 

SMIC – adjusts the 

matrix of conditional 

probabilities for 

consistency with the laws 

of Probability IFS – 

allows for quantitative 

analysis of alternative 

future values of important 

variables 

Almost impossible to validly 

estimate the conditional 

probabilities or impacts of all 

alternatives against the others 

Modelling Trend impact 

analysis, 

sensitivity 

analysis, 

dynamic 

scenarios 

Creates the best 

quantitative 

representation of 

continuous variables that 

describe the future state 

Difficult to validate the 

models without complete 

historical data 

(Bishop et al., 2007) 

 

The above scenarios’ techniques all incorporate either qualitative and quantitative research 

methods and in some instances a mixture of both. Traditional forecasting research, such as 

trend impact analysis and cross impact analysis, are usually associated with quantitative 

techniques, based on the assumption that tomorrow’s world will be much like todays (Huss and 

Honton, 1987). In contrast, qualitative techniques are considered appropriate for projects with 

large scope and time horizons, as they are more malleable to highly uncertain future trends 

(Amer et al., 2013). However, Van Notter (2003) suggests the incorporation of both 

quantitative and qualitative techniques in futures studies can strengthen the research output. 

Van Notten identified that ‘quantitative scenarios may be enriched, and its communicability 

enhanced through qualitative information, whereas qualitative scenario may be tested for 
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plausibility through quantified information’ (Van Notter, 2003, p. 14). While data can ‘speak’ 

to some readers more than words and vice versa, the fusion of both research methods and data 

sets remains a methodological challenge (Van Notter, 2003). 

 

Scenarios are useful tools for evaluating possible futures, and scenario planning has been used 

in the past to inform policy makers on the most appropriate way forward.  Table 4.1 summarises 

the advantages and disadvantages of using a variety of scenario development techniques used 

over the last forty years, alongside summarised methodologies used (see section 3.5), with the 

aim of identifying the most appropriate methodology to meet the research aim and objectives.  

 

4.3 Research Methodology 

 

This futures study utilises a mixed method approach, incorporating scenario planning, 

backcasting, alongside later London specific data analysis (CO2/energy demand modelling) as 

part of the scenario development and testing. Similar to research by Ratcliffe (1999), Ringland 

(2014), and Conway (2016), the research is divided into six different stages. This aided the 

development of the conceptual framework on how to encourage investment in the renovation 

of London’s existing commercial office building stock, to support a transition towards a low 

carbon future. 

 



  

115 

 

 

Figure 4.2 Main Stages in developing the Conceptual Framework 

 

Futures research, incorporating scenarios, has been adapted in this research, as the 

methodology allows for the mapping of distinctive futures, alongside developing paths in 

which a desired low carbon future emerges. That results in climatically sustainable carbon 

emission levels, while retaining the current standard of living. The research methodology 

incorporated backcasting in the later stages, to identify paths for assessing specific actions to 

achieve the desired future. Backcasting methodology was included at the later stage of the 

scenario development, as it allows the research to focus on how to attain a desired future 

(Robinson, 1990). Exploring both the feasibility and potential impact of futures, provides the 

opportunity to influence these futures, since what happens in the future depends on decisions 

and choices made today (Robinson, 1988). Figure 4.2, above, summarises the six different 
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stages in developing the conceptual framework, which are expanded upon throughout this 

chapter. 

 

4.3.1 Futures Working Groups 

 

Stage 1 to 4 (see Figure 4.2) were achieved through the hosting of two futures working groups.  

Futures working groups are one of the most effective methods for exploring the future, 

alongside collecting rich and detailed data in a short intense timeframe (Börjeson, et al., 2006). 

Working groups serve as an opportunity for participants or stakeholders from different 

backgrounds to meet and discuss issues of common concern in a creative milieu (Jungk & 

Mullert, 1987; Gannon & Ratcliffe, 2005), regardless of power relations (Platt & Cooper, 

2005). Working group participants were guided through a rigorous process (see stages 1 to 4) 

that opened up and structured their thinking on how to achieve a low carbon future. On top of 

that, the futures working groups were undertaken to assess the feasibility of using futures tools 

and techniques (scenario planning, backcasting) in the context of developing a framework on 

how to achieve a low carbon emitting, London commercial office building stock. 

 

Two working groups were conducted over several months, allowing for reflection and revision 

(see section 4.3.1 to 4.3.7) between the initial pilot and the main working group. Dublin was 

chosen to form part of the initial pilot study based on the researcher’s contacts, access to up to 

date data from SEAI on the existing commercial office building stock, as well as Dublin having 

a similar legislative framework in place to London when it comes to energy labelling.  London 

was chosen as the location for the main working group as it is one of the world’s most pre-

eminent financial centres, with over half of the top UK’s FTSE 100 listed companies and 100 

of European’s 500 largest companies having offices, based in London (Disfold, 2019).  

Furthermore, London is ranked as one of the world’s most transparent real estate market (JLL, 

2012). In addition, both public and private bodies records and stores (VOA, DCLG, CSE, 

DBEIS) key information on London’s building stock data (specifically environmental 

performance). London is currently (2018) the most active real estate market, with £5.6bn of 

international capital invested in the commercial real estate market in the first half of 2018 

(Knight Frank, 2018). Moreover, London holds a significant share of the UK’s office building 

stock and so to a degree, what happens in the capital, will have a significant impact at a national 
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level (Oyedokun, 2015). It was observed, that the majority of the targeted experts, tended to be 

concentrated (offices based) in central London.  

 

Each working group adopted a one-day format where participants attended from 9am till 6pm. 

Prior to each working group the strategic questions, timeline, working group agenda, 

participant invitations and briefing pack, presentation of the futures process and methods were 

decided upon by the researcher (identified  below). 

 

• Strategic Questions  

Stage 1 Scoping Question: ‘How to develop a long-term strategy to encourage investment 

in energy upgrading of the existing commercial office building stock’. 

Stage 2 Drivers of Change and Future Challenges: ‘What are the ‘drivers of change’ and 

‘future challenges’ in respect to developing a long-term strategy for encouraging 

investment in upgrading existing commercial office buildings. 

Stage 3 Identify and Prioritising Organisational/Stakeholder Forces: ‘Identify and 

summarise stakeholder driving forces and specific actions to be taken now to encourage 

investment in upgrading the existing building stock. 

Stage 4 Develop Initial Scenarios: ‘Identify and summaries four distinctive futures of 

energy demand from London’s commercial office building stock, in the year 2050’. 

 

• Timeline and Working Group Agendas  

See Appendix 1 (a) Pilot Group Agenda with timeline 

See Appendix 1 (b) Working Group Agenda with timeline 

 

• Participant Invitations and Briefing Pack 

See Table 4.3 and Appendix 1 (a & b) 

 

• Presentation of the Futures Process and Methods; See sections 4.3.1 to 4.3.7  

 

The hotel organised the venue, lunches, PCs for the power point presentations, flip charts and 

conference rooms. The process (Stages 1 to 4) was discussed with the PhD supervisors and 

working group participants and was confirmed by the researcher prior to the hosting of each 

event. On the day of the working group, the participants were guided through the futures 
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working group process by the researcher. The general structure of the working group was based 

on the ‘Intuitive Logics' methodology process developed by the SRI International (formerly 

known as Stanford Research Institute). Its combined methodologies (see steps 1-4, Figure 4.2) 

were used to explore and shape a variety of different futures which draw upon the Anglo-

American techniques of scenario planning and the French futures method of ‘La Prospective’. 

Following the development of a set of plausible, yet thought provoking scenarios, decisions 

were tested (in the main working group) through the introduction of data on the energy demand 

from commercial offices. Thus, ensuring the scenarios were robust in their analysis, assessing 

the likelihood of each scenario achieving a low carbon future (Gannon and Ratcliffe, 2005; 

Saurin & Ratcliffe, 2011). 

 

The process involved several iterative stages and offers a highly flexible and participatory 

approach so that the final output represents the common views of all those involved in the 

process. Sections 4.3.4 to 4.3.7 outline the ‘Prospective Through Scenarios’ (Ratcliffe, 2000) 

process upon and specifically stages 1 to 4 in which the working group structures were based. 

Owing to the flexible nature of the process, working groups can be easily adapted in terms of 

the range of methods and techniques that can be used to suit the requirements of any group or 

organisation. 

 

Sections 4.3.4 to 4.3.7 identify the 4 stages and tasks involved in hosting the working groups 

that the protocol framework was focused on: ensuring interview questions and output are 

aligned with the research questions. It involved the construction of an inquiry-based 

environment where individual and group decisions are presented. Feedback obtained from the 

pilot study was reflected upon and incorporated into the main working group (see section 4.3.3 

& Table 4.4). The purpose of aligning the working group questions with the research 

questions/objectives was to increase the focus of the research (confirming its purpose), while 

ensuring the necessity for the study (eliminating unnecessary questions). This involved the 

research questions focusing on intentional and necessary questions, as participants with a 

variety of differing experiences, prioritise items, based on their own understanding. This 

approach helped participants explain their experiences in a timely manner, involved careful 

listening and recording of data, and follow up on questions answered. Having a scoping 

question (in Stage 1), closely aligned with the research aim, focused the participants on the 

purpose of the working group and depth of analysis required in answering follow up questions. 
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Alongside this, promoted interest and understanding from the lived experiences of other 

people, exploring the meaning that participants make from that experience. At the heart of the 

working group was an interest in learning from other property professionals based on their 

experience and knowledge (Seidman, 2013). There was positive feedback on the inquiry-based 

environment and pilot study, which are expanded upon under each stage and summarised in 

Table 4.4. This pilot feedback was then considered when it came to the main working group.  

 

Data was collected via two dictaphones, notes taken, sketch pads, and flip charts. The 

recordings were typed up by the researcher upon completion of each working group, 

summarising (or open coded) the main findings. These were then reviewed and summarised 

under each of the differing stages (focused coding) based on the flip charts and summary notes. 

The background discourse between the different participants, focusing on topics (generally 

drivers, and challenges) are summarised under each relevant table. This approach ensured that 

both collective agreement and the discourse from the working group are presented and 

summarised in a logical, non-random manner (in each individual stage), taking a similar 

approach to that used in computer software analysis (NVivo) in interpreting and transcribing 

the qualitative data. Repetition on participants’ comments was avoided through the removal of 

duplicate comments. 
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Table 4.2 Quantitative analysis of data from Working Group 

Quantitative 

Analysis 

Coding Categorising Utilising Present 

Findings 

Summarising 

data, on a 

systematic 

process 

based on 

tasks in each 

Stage 

(Specifically 

Stage 1-4, 

relates to 

working 

group) 

Manual coding from 

transcripts into word 

document. Subset of 

qualitative analysis 

divided into Nodes 

(e.g. Table 5.2 

Nodes=Stakeholders) 

and codes (in Table 

5.2 codes=driving 

forces) 

Transcripts 

divided into 

different stages 

and categorised 

based on tasks in 

accordance with 

SRI framework. 

For example, in 

Stage 2 drivers & 

future challenges 

categorised using 

STEEP analysis 

(word tree). In 

Stage 3, drivers 

were categorised 

into differing 

stakeholders and 

sub categories 

based on specific 

actions required 

to realise change. 

Utilised in 

developing 4 

differing energy 

demand futures by 

the year 2050. SRI 

framework utilises 

tools such as 

impact/uncertainty 

matrix and 

scenario matrix to 

obtain a group 

collective on 

visions of 4 

differing energy 

demand futures. 

Conversations 

recorded, flip 

charts, notes 

taken all 

transcribed, 

coded and 

categorised in 

chapter 5, where 

group collective 

consensus are 

summarised in 

Tables 5.2 & 

5.2, Figures 5.2 

to 5.4, & 

background 

discourse 

summarised 

under each 

relevant Table. 

 

Table 4.2 provides an overview of the process taken to analyse the quantitative data from the 

working group, which is expanded upon in sections 4.3.4 to 4.3.7 where coding is based on 

participants’ own words, flip charts, and summary notes (nVivo coding). Participants’ names 

were removed (replaced with their professional occupation) and recordings transcribed into 

word documents, with the data explored and categorised under each stage.  

 

The role of the researcher was consistent throughout the course of the two working groups. The 

working group process was facilitated by the researcher in introducing the participants to the 

futures working groups concept. The pilot working group allowed the researcher to build upon 

a theoretical understanding and apply the practical application of the SRI working group in 

exploring a variety of futures. Furthermore, the pilot study allowed for the assessment of its 

practical application in gaining a holistic understanding of the context and the phenomena 

under investigation. This allowed the researcher to check definitions of terms used in the 

working group, observe discussions of topics that might not be presented to the final working 

group, and provide the participants with a source of questions and topics to be discussed 

(Kawulich, 2005).  
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4.3.2 Working Group Participants 

 

The component parts of the scenario building evolved out of the literature review and were 

advanced at two expert working groups. While a variety of methodological approaches exist 

with respect to conducting working groups, the research approach was based upon the studies 

of Quist et al. (2001) and Ringland (2006), in which the number of participants were typically 

between 5-8. Each working group involved the participation of experts (see Table 4.3), brought 

together based on their experience (including thematic, regional knowledge), representing a 

wide range of expertise drawing from different built environment backgrounds. Participants 

were made up of a mix of industry experts, those in policy advisory working groups or those 

who were practitioners with local knowledge.   

   

Table 4.3 Commercial Office Practitioners -taking part in each Working Group 

Dublin based working group- 

Participants 

(pilot study) 

London based working group- Participants 

 (main study) 

Organisation Individual’s 

Role 

Organisation Individual’s Role 

Irish Green 

Building Council 

Chief Executive 

Officer 

UK Green Building 

Council  

Head of Industry 

Engagement  

Sustainable 

Authority of 

Ireland  

Chief Executive Carbon Trust  Director of Policy and 

Innovation 

Sustainable 

Architect & 

BREEAM 

commercial 

consultants  

Associate 

Director 

Better buildings 

partnership & RIBA 

affiliated Architect  

Programme Manager 

Chartered 

Surveyors working 

in commercial 

sector 

Director Engineer and 

BREEAM, EIA 

commercial consultant  

Associate 

Property Manager 

working with 

commercial office 

clients  

Associate 

Director 

Chartered Surveyors, 

trainers, risk & value 

management working in 

the area of commercial 

office buildings 

Co-Founder & Director 

Property Manager 

working with 

commercial office 

clients  

Property Director 

Total Number of Participants          5                                                                         6 
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Table 4.3 identifies the participants that took part in the working groups. The variety and 

combination of participants ensured that a high quality of input, alongside a diverse range of 

engagement and opinions, existed. The development of these working groups brought together 

experts with an understanding of different stakeholders’ priorities, when it came to energy 

upgrading of the existing building stock. Initial contact was made through industry 

engagement, the use of LinkedIn, and through contacts made in attending decarbonised 

building stock conferences and events. The working groups were all-day events, hosted by the 

researcher, within a hotel conference room, providing a suitable environment for discussion, 

engagement, and reflection. Each event commenced with a short PowerPoint presentation, 

where the researcher outlined the agenda, working group aim, and framework, alongside the 

different stages in the process. Data was collected via two Dictaphones, notes taken, sketchpads 

and flip charts were also used to collect, summarise, and agree upon a collective output. These 

qualitative working groups gained an in-depth understanding of practitioners’ views and 

specific opinions of how to encourage investment in energy refurbishment of the existing 

building stock. Such datasets provided a rich understanding and insight into how participants 

rationalise their viewpoints. Denzin & Lincoln (2011) identify that there are no stable or 

absolute realities of the future. However, the research interpretive approach was underpinned 

by relativist ontology.  The futures approach methodology provided a framework, enabling 

working group participants to draw upon their practical experience to construct alternative 

futures when dealing with uncertainty.             

 

4.3.3 Pilot Study 

 

Pilot studies are carried out as a specific pre-testing research instrument, often used to establish 

the effectiveness of questioned asked, assess data analysis techniques, or to estimate the 

variability in a specific outcome (Van Teijlingen et al., 2001). This study incorporated a pilot 

study to test the questions asked, timings, and the overall comprehension of the experts in using 

the SRI research methodology framework, when it came to developing the alternative 

scenarios. It was also carried out in an attempt to predict and narrow down potential inputs, 

such as drivers of change and future challenges that participants felt existed when it came to 

upgrading the existing building stock. These drivers and challenges then enabled the working 

group to develop a list of specific actions they felt key stakeholders would have to make in 

order to influence the success of any future investment in energy upgrading of the existing 
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building stock. This phase drew upon pre-working group analysis in the form of a literature 

review (see chapter 2 and 3), which identified relevant data sets, major drivers of change, and 

trends, alongside events that resulted in the need for change in the first instance. An example 

of pre-working group analysis (in respect to the pilot study), included a reflection upon the 

energy efficiency of Dublin’s non-domestic building stock. This was presented to the pilot 

working group in a graph format (on published BER data from the Sustainable Energy 

Authority of Ireland) which identifies the asset ratings (A1 to G) on over 41,000 non-domestic 

Irish buildings (available from www.SEAI-BERmap.ie). 

 

Figure 4.4 summarises learning from the pilot study and its influence on the main research 

study. The pilot study was used to review the research methodology and highlight any potential 

problems or issues that may arise alongside, determining an appropriate timeframe needed for 

the different working group activities, prior to the research working group. The participants 

used in the pilot had the same characteristics with respect to experience and subject knowledge 

as those of the main study (see Table 4.3). However, participants for the main working group 

had additional London market knowledge, having worked in the London commercial office 

market for at least 10 years. The pilot study also assessed the location for interview with respect 

to ease of access, appropriate environment for open discussion, and the ability to record data 

(Fawcett and Garity, 2009). As identified earlier, the data collected from the pilot study was 

not used in the research findings or to develop future scenarios, however the outcome was 

considered (see Table 4.4) prior to commencing the main study. 

 

The analysis consisted of a review of the pilot study to determine whether participants 

understood the questions asked, timeframe, environment in which the working group took 

place, identifies how consensus was achieved in each step, alongside the initial outcomes. This 

enabled further adjustments to be made to the research working group as necessary (Polit and 

Beck, 2010). Individuals within the pilot working group were asked for feedback upon 

completion. Table 4.4 summaries this feedback and identifies how this feedback fed directly 

into the research working group.   

 

 

 

 

http://www.seai-bermap.ie/
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Table 4.4 Summary of feedback from Participants as part of the Pilot Working Group 

Stages Questions 

Asked 

Timeframe Environment Consensus 

Achieved 

Adjustment for 

research 

working group 

Scoping 

Question  

(step 1) 

Clear & 

Easy to 

understand 

Sufficient Ideal 

environment 

for working 

group 

Question 

presented to 

working group, 

linked to research 

aim (no consensus 

needed) 

Additional 

discussion 

needed on 

timings and type 

of energy 

reduction with 

respect to the 

scenario 

narratives. 

Drivers of 

Change & 

Future 

Challenges 

(step 2) 

 

Clear and 

relevant 

however, 

could have 

been more 

streamlined 

& focused 

Considerable 

timeframe 

needed, 

could 

engage with 

participants 

prior to 

event 

Ideal 

environment 

No ranking in the 

pilot study. 

However, main 

research working 

group ranked each 

in order of 

importance in 

respect to 

encouraging 

investment in 

energy upgrade of 

existing buildings. 

Consensus 

achieved through 

the placement of 

chits on preferred 

items.   

Phone call prior 

to the working 

group with 

participants, 

identifying tasks 

and sequencing 

of events. 

Drivers ranked 

in comparison 

to one another. 

Identifying 

Organisational/ 

Stakeholder 

Forces  

(step 3 a) 

Could have 

been more 

streamlined 

and 

focused 

Considerable 

timeframe 

needed, 

could 

engage with 

participants 

prior to 

event 

Ideal 

environment 

for working 

group 

No requirement to 

rank the 

importance of 

stakeholders, or 

drivers, at this 

stage, however 

participants 

agreed 

(discussions 

summarised on 

A1 flip charts) on 

a list of groups or 

organisations 

responsible for 

driving change 

Phone call prior 

to the working 

group with 

participants, 

identifying tasks 

and sequencing 

of events 

Prioritising 

Organisational/ 

Stakeholder 

Forces  

Initial 

confusion 

using 

impact 

Sufficient Ideal 

environment 

Impact/uncertainty 

matrix used to 

rank key items 

based on the ‘level 

Inclusion of 

worked example 

within the 

introductory 
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(step 3 b) uncertainty 

matrix, 

however 

all agreed 

useful tool 

of impact’ these 

items have on 

driving change. 

This was achieved 

through the 

placement of 

betting 

chips/casino 

tokens, on 

preference items 

presentation and 

handout notes 

Scenario 

Development 

(step 4) 

Two axes 

diagram 

useful in 

setting out 

scenarios 

Sufficient Ideal 

environment 

The developed 

Matrix based upon 

two ‘uncertain 

factors’ (also 

known as critical 

scenario drivers). 

Inclusion of 

worked example 

within the 

introductory 

presentation and 

handout notes 

 

The pilot working group was generally happy with their working environment and steps 1 to 

4. However, individuals did identify a considerable timeframe was needed to complete steps 2 

and 3. Feedback from the pilot working group identified that this step could be more efficient 

and effective by employing faster or simpler working methods. This feedback was considered, 

when it came to the main working group, through the inclusion of worked examples and 

printouts of matrix, axis, to be used by the group in presenting and agreeing upon findings. 

Quist et al. (2001) and Ringland (2006) recommend the numbers within a working group 

should not exceed 5-8 participants. Feedback from the working group on the number of 

participants was found to be positive, with respect to the group dynamic and in enabling 

discourse on the subject topic. Having an open plan conference room, with open top boardroom 

tables, flip charts, and sketch pads enabled visualising and the summarising of a collection of 

ideas. This feedback was considered when it came to the main working group. This was done 

through the introduction of a pre-working group telephone call, identifying tasks. Also included 

was a worked example within the introductory presentation and handout notes during the 

working group.  

 

Questions asked during the pilot study and the main working group did not differ significantly, 

as the working groups took a similar approach using the SRI framework to that used by 

Ratcliffe (1999), Ringland (2014), and Conway (2016).  The working groups focused on 

recording a collective of responses in identifying drivers of change, future challenges, and 

identifying specific actions required to achieve change. This resulted in a minimum of 3-4 
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specific questions (linked to each step - see Appendix 2), with the working group focusing on 

identifying and agreeing a list of items under differing headings. Parkinson et al. (2012) 

identify limitations using working groups in that they are highly dependent on the judgement, 

experience, and knowledge of participants and the quality of information available to 

contributors. Although working groups can often be dominated by an individual member, this 

was avoided in the working group through applying rational decision-making techniques. 

These are derived through using the SRI framework as part of the working group discourse 

(i.e. stage 1- define the problem, stage 2- brainstorming  identifying drivers & future 

challenges, stage 3- deliberating on organisational/stakeholder drivers and identifying specific 

actions needed to realise change, stage 4, conceptualise different futures). This is where the 

working group made decisions in which individual discussions and group discourse were 

summarised initially on an A1 flipchart and later prioritised based on a collective of items under 

differing headings. This is evident in Stage 2, where participants ranked the different STEEP 

drivers, with respect to the rate of change each driver has on encouraging investment in 

upgrading the existing commercial office building stock. A collective response was achieved 

where the working group voted (through the placement of chits on preference items) and agreed 

upon the ranking of each, with respect to driving change.  

 

4.3.4 Stage 1-Scoping Question 

 

 
Figure 4.3 Summary of Stage 1- Scoping Question 

 (Adapted from Figure 4.2) 

 

The scenario development commenced with the hosting of two working groups (pilot and main 

study) where practitioners with an understanding of stakeholder priorities, alongside having 

relevant subject matter knowledge, in relation to the research objectives, were invited to attend. 

The following stages 1-4 relate to the hosting of both the pilot and research working groups. 

The first stage in developing the project scenarios was agreeing the ‘scoping question’ and 

defining the overall range of the project. The question in the research case was focused on the 

research aim: ‘to develop a long-term strategy to encourage investment in the renovation of the 

existing commercial office building stock, to support a transition towards a low carbon future’. 
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While the scoping question appears broad, it enabled consideration to be given to the wider 

future within the topic area (Schwartz, 1997). The scoping question had limited scope for 

adjustment, as it was built around the overall research aim, linked to key objectives. However, 

the main working group had to agree an appropriate timeframe for the scenario narratives. 

Literature on futures research (foresight) generally reviews how quickly changes happened in 

the past and tries to access to what degree it is possible to predict common trends (Boggs, 1985; 

Leigh, 2003; Schultz, 2006). However, King et al. (2007) identify a time horizon of at least 10 

years, with respect to identifying action-oriented outcomes. 

 

4.3.5 Stage 2-The assessment of Drivers of Change & Future Challenges 

 

 
Figure 4.4 Summary of Stage 2-Drivers of Change & Future Challenges  

(Adapted from Figure 4.2) 

 

Upon completion and establishing the scoping question, the second stage was for the working 

groups to identify ‘external forces’, assessing the main drivers and future challenges associated 

with investing and upgrading the existing commercial office building stock. These were 

classified under the following: Social, Technological, Economical, Environmental and Political 

(STEEP) categories, as advocated by Nuefewld (1985) and Morrison (1992). Both Morrison 

(1992) and Nuefewld (1985), alongside several government publications, use the so-called 

STEEP category to identify and reflect upon drivers of change associated with the evolving 

target of sustainability and energy efficiency (Meadowcroft, 2007). Taking a similar approach, 

ensured that the working groups reflected upon drivers of change and future challenges with 

respect to making the existing building stock energy efficient, prior to developing a framework 
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on a low carbon future. The STEEP category influences were assessed from a negative or 

positive perspective, whereas drivers of change were characterised by the rate of change it 

impedes. The procedure of identifying drivers of change, followed by analysing their 

importance and their degree of uncertainty, was the framework on how the scenarios evolved.  

 

The working groups were asked to compile a list of ‘external forces’ which are broken down 

into ‘drivers of change’ (Nodes) and the ‘future challenges’ (coding) of each, with respect to 

investing in and upgrading the energy efficient of the existing building stock. This STEEP list 

was compiled on a flip chart by the working group, based on individuals’ professional 

experience. The drivers cover a large area, focusing on the energy upgrade of existing 

buildings, from the perspective of benefits/shortfalls of occupying/investing in commercial 

office. This led to the assessment of the practical benefits in occupying/investing in sustainable 

buildings, which had a somewhat broader focus rather than dealing more specifically with 

aspects of making existing commercial offices more energy efficient.  

 

Figure 4.4 provides a visual summary of the activities involved in the second stage of the 

working group. The pilot study was used as a pre-test instrument in preparation for the main, 

London based working group. The pilot exercise helped to evaluate the feasibility of events 

prior to the main working group, analysing the ability of the working group to come to a 

collective decision. However, upon reflection, the pilot STEEP list did not have any 

relationship linking the differing items, in respect to driving change.  Feedback from the pilot 

study saw participants identify the benefits of including a ranking exercise at this stage. The 

ranking exercise could help prioritise the drivers during later reflection, aiding in developing 

the future scenarios. The main working group differs to the pilot study group in that participants 

were asked to rank (or code) the drivers in order of importance in driving change towards a 

low carbon future. The ranking exercise was completed through participants reflecting upon 

the final list of drivers and their future challenges (summarised in a flip chart) and voting 

through the placement of betting chips (e.g. casino tokens) ranking the drivers in comparison 

to one another. This resulted in the prioritising of drivers which was later used in developing 

the 2x2 Impact/Uncertainty matrix, visualising a variety of differing futures.  Feedback from 

the pilot study identified that this stage could have been more streamlined and focused, as 

significant time went into this stage of the working group. This comment was considered in the 

London based working group through additional phone calls with participants prior to the 
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event, in which tasks and events were outlined. Furthermore, an introductory presentation and 

handouts containing a worked example (on a separate topic) were presented to the London 

based working group, prior to the group discourse, as an aid to help speed up the time taken to 

identify and prioritise drivers of change.  

 

4.3.6 Stage 3-Identify & Prioritising Organisational/Stakeholder Forces 

 

 
Figure 4.5 Summary of Stage 3- Identify & Prioritising Organisational/Stakeholder Forces 

 (Adapted from Figure 4.2) 

 

The third stage in developing the scenarios was to identify and prioritise ‘Organisational 

forces’, or in the research case ‘Stakeholder forces’ and specific action needed to be taken to 

encourage investment in the energy upgrade of the existing building stock. The ‘organisational 

forces’ (or stakeholder forces) differ to the earlier ‘external forces’, in that they are a product 

of actions that the working group felt stakeholders should take to influence change. The 

sequence of events in both the pilot and main working group remain the same, however, outputs 

differ. The working groups were asked to firstly identify a list of specific stakeholders 

responsible for driving change towards a low carbon building stock. This list was compiled by 

the participants and summarised on a flip chart (similar to Stage 2). There was no requirement 

to rank the importance of stakeholders, or drivers, at this stage, however participants agreed on 

a list of groups or organisations responsible for driving change. Once compiled, the participants 

were then asked to list key driving forces for change, under each stakeholder. This focused the 

discussions on assessing the rationale for change in the first instance. The drivers were then 

added to the flip chart under the relevant stakeholder groups. The third task was for the group 

to identify and agree on specific stakeholder actions required to realise change. This task 

corresponded with each of the aforementioned driving forces, where the group discussed 
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possible actions each stakeholder needed to take to realise change. Discussions were 

summarised and presented to the working groups on a flip chart. The specific actions were 

recorded against the individual driving forces and documented on a flip chart. 

 

Feedback from the pilot study identified that this stage (stage three) could have been more 

streamlined and focused, as significant time and effort (2 hrs) went into this stage of the pilot 

working group. This time was specifically taken up with the pilot working group identifying 

stakeholder ‘drivers of change’ and ‘specific action required’ to reach a low carbon future. 

Feedback from participants identified that this timeframe could be shortened through clarifying 

tasks early on. This feedback was considered in the main working group through the inclusion 

of a worked example in an introductory presentation and handout notes, prior to the 

commencement of stage one. In addition, participants were contacted (phone call) prior to the 

main working group to discuss tasks and sequencing of events. This stage allowed for group 

discourse on identifying and prioritising a variety of stakeholder forces that the working group 

felt could have an influence on driving change towards an energy efficient building stock.  

 

After the group identified and summarised the list an impact/uncertainty matrix (example 

layout shown, in Figure 4.6) was used to rank key items based on the ‘level of impact’ these 

items have on driving change. In addition, the matrix was used to rank the items on the ‘degree 

of uncertainty’ the group felt each had on achieving an energy efficient building stock, as 

advocated by Van der Heijder (1970) and Klooster and Asselt (2006). In taking a similar 

approach, the research methodology enabled the working group to narrow down the 

organisational/stakeholder forces, alongside ranking/prioritising specific actions to be taken by 

stakeholders to drive change towards a low carbon building stock.  
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Figure 4.6 Impact/Uncertainty Matrix categorising key factors and drivers 

 (Van der Heijder, 1970; Wilson, 1987) 

 

Figure 4.6 identifies the impact/uncertainty matrix used to combine key factors and driving 

forces in a clear and legible format. The matrix helped to narrow down, visualise, and structure 

the list of factors and drivers that the group feel had an influence on directing change towards 

an energy efficient, low carbon, building stock. The working group ranked the key factors and 

drivers on a high-medium-low rating, as part of the group discourse. The participants ranked 

several forces and drivers under predefined headings (for example, critical, planning and 

critical scenario drivers) in the summary matrix. Figure 4.6 shows an impact/uncertainty matrix 

divided into 9 sections. The bottom sections contain squares in which the group agree on a list 

of factors that have a relative low impact on driving change, while the middle section is used 

to identify factors that the group feel have mid performance impact in driving change. Both 

lists are known as secondary items, while the working group identified and classified a variety 

of organisational/stakeholder forces as having either a low or mid impact on driving change 

towards a low carbon, energy consuming building stock. These items were not giving sufficient 

priority to form part of the final scenarios. However, the upper left quadrilateral contains a list 
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of items that were considered to have a comparatively high-performance impact, which are 

relatively predictable, such as technical advances to account for high data demand in central 

London. These High Impact, Low Uncertainty items were identified as ‘predetermined 

elements’ or trends, several of which were included as descriptions within each future scenario 

(Schwartz, 1996). The working group voted (through the placement of betting chips/casino 

tokens, on preference items) and agreed on at least three ‘critical planning issues’ (also known 

as predetermined elements), which were later used to form and assess the future scenario 

narratives. In the case of elements located within the upper right quadrilateral, these High 

Impact, High Uncertainty items were identified as having ‘critical uncertainty’, with respect to 

developing a low carbon, energy consuming building stock. These items were defined as 

having a high-performance impact in which future development is uncertain. Critical 

uncertainty forms an important part of the impact/uncertainty matrix as the basis of identifying 

two key uncertain items. These have a major influence on the outcome when it comes to the 

scenario development, in strategic planning, laying the basis for the development of scenarios 

in the fourth step (Van der Heijden, 2005). The group select two ‘critical scenario drivers’ (also 

known as critical uncertainty items) (through the placement of betting chips/casino tokens, on 

preference items) which were used to form the x and y axis of the two axes diagram, used to 

differentiate the scenario plots. Selection was based on the working group participants 

reflecting and reviewing the earlier list of driving forces towards an energy efficient building 

stock, along with specific actions to be implemented, to drive change towards a low carbon 

future.  

 

Prioritising drivers were achieved through a voting system, where all participants were given 

an equal voice that led to the identification of a final picture of the key drivers incorporating 

multiple viewpoints. Blank uncertainty matrix, in the form of an A1 sketch sheet, was used as 

part of the group discourse, where participants ranked several forces and drivers under 

predefined headings (critical planning issues, critical scenario drivers) within a matrix. High 

Impact, Low Uncertainty are identified under the SRI methodology as ‘predetermined 

elements’ which were present within each scenario. High Impact, High Uncertainty items were 

identified as ‘critical uncertainty’ items, whereupon the group then voted (through the 

placement of chits on the final list) where two uncertain items are selected to form the scenario 

matrix (x-y axis). After the group came to a consensus (using A1 sketch sheets) through voting 

individually, the votes were then presented on an A1 flip chart, using an Impact/uncertainty 
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matrix, similar to that in Figure 4.6, where participants viewed and commented on the final 

agreed matrix.  

 

Feedback on this stage during the pilot working group identified initial confusion using the 

impact uncertainty matrix. However, once the framework and ranking system were explained 

through the use of previous examples, the working group felt at ease using the matrix tool and 

found it to be a useful instrument in developing the future scenarios. This positive feedback, 

alongside viewing the pilot working group’s ability to use the matrix tool with ease, was 

integrated as part of the research working group. This was achieved through providing a 

worked example (on a different topic) of an impact uncertainty matrix, in which forces and 

drivers were prioritised, under predefined headings, as part of the introductory presentation and 

handout notes, to participants, prior to the hosting of the main working group. 

 

4.3.7 Stage 4 - Developing Initial Scenarios 

 

 
Figure 4.7 Summary of Stage 4- Developing the different Scenarios 

 (Adapted from Figure 4.2) 

 

The fourth stage consisted of developing the scenarios through the use of 2x2 matrices as the 

basis for scenario development. Similar to the impact/uncertainty matrix tool, the scenario 

matrix was developed by Van der Heijder in the 1970’s as a tool for visualising (end state) and 

providing a logical baseline in developing individual scenarios. Bonnet and Olson (1998) 

identified the benefits of using a matrix when developing scenarios, in that the matrix enables 

each scenario to evolve differently, in a logical and non-random way, as the top scoring factors 

form the key drivers in all the scenarios. The scenarios represent the corners of futures space, 

where the matrix reveals a variety of potential future directions for energy use within the built 

environment, to the working group. The scenarios include elements that are regarded as 

positive and negative influences on driving change towards a low carbon future over the 

lifetime of the scenario narrative, to account for unavoidable trends that promote a variety of 
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different reactions. The scenarios generated by the axes are of critical importance in answering 

the scoping question; however, interpreting the outcome is a matter of judgment. 

 

 

Figure 4.8 Scenario Matrix tool 

 (adapted from Van der Heijder, 1970, to focus on research aim) 

 

Figure 4.8 identifies that the scenario matrix was at the heart of scenario identification, where 

the matrix was based upon two ‘uncertain factors’ (also known as critical scenario drivers). 

This includes negative or positive developments, such as investment in energy upgrade works 

and the adaptability of the building stock to climate change, identified in the previous step, 

used to analyse trends and assess uncertainty. The working group used the matrix tool to 

develop each of the future building stock scenarios, where future uncertainty was assessed from 

either a negative or positive outlook when it came to carbon reduction, along the y and x axes. 

In doing so, four distinct scenarios emerged in the quadrants of the developed matrix, as can 

be seen in Figure 4.8. The two key uncertainty dimensions are therefore the basis for building, 

as well as describing, the four scenarios. Once the different future building stocks were 

identified, the next step was to develop the stories behind each scenario, which enables a 

description of the paths along which the world arrives at, with respect to the four alternative 

scenarios. Van der Heijden (2005) highlights the importance of these stories, where a chain of 

cause and effects were identified that lead to each scenario. The working group came up with 

distinctive, creative titles, for each of the four scenarios, alongside a brief summary explaining 
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each title that sums up the elements of the story agreed upon during the working group. The 

scenarios were then used to evaluate and explore the potential impacts the recommended 

specific actions (or proposed changes) agreed upon may have on encouraging carbon reduction 

and energy efficiency within the future built environment. The sequence of events in both the 

pilot and main working group remain the same, however, the outputs differ. Feedback from the 

pilot study identified that stage 4 could have been more streamlined and focused. These 

comments were considered in the main working group through additional phone calls with 

participants, prior to the event, in which tasks and events were outlined. Furthermore, an 

introductory presentation and handouts containing a worked example using the matrix tool, 

was presented to the London based working group, prior to the group discourse.  

 

4.3.8 Stage 5- Analysis on Scenarios 

 
Figure 4.9 Summary of Stage 5 - Testing & Refining Scenarios 

 (Adapted from Figure 4.2) 

 

The fifth stage, consisted of testing and refining the different scenarios, evaluating the potential 

impact each scenario has on ‘predetermined elements’ (also known as critical planning issues). 

The main predetermined element the working group selected was to develop a carbon and 

energy model to explore and quantify the effort required to achieve the desired low carbon 

future. This stage of the research explores the alternative futures (in the research case; status 

quo, rigid stagnant city, green growth and greenwashing), assessing the feasibility of each 

scenario achieving the working group’s targets (80% carbon emission reduction target by 

2050). These alternative futures emerged as a continuation of current trends (identified as 

scenarios A, B, C, & D in Figure 4.8), which had either a low/high impact, or low/high 

uncertainty perspective on driving change towards a low carbon future building stock. This 

was explored using London specific data, alongside assessing various trends and critical 

uncertain items (low/high investment in energy efficiency, tightening/relaxing environment 
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policy), to ascertain the impact that different sources of uncertainty (e.g. policy change) have 

on future energy/CO2 demands.  

 

The fifth stage comprised the development of a carbon and energy model constructed to 

identify the current energy consumption and carbon emissions of London’s commercial office. 

This stage commenced upon the completion of the research working group, its data analysis 

and forms part of the research working group recommendations for further analysis on the 

energy demand on the current building stock. Once developed, the carbon model was then 

extrapolated to the year 2050 for all four scenarios, to study how future uncertainty in the output 

of the CO2 models can be apportioned to different sources of uncertainty (for example, policy 

change), with respect to estimating future energy demands and carbon emissions. The research 

draws upon available information on the building stock, which includes floor space statistics, 

measured energy consumption as reported in the buildings’ DEC. The analysis of this data 

resulted in the model being able to quantify Energy Use Intensity (EUI) (or kWh/m2/year & 

kgCO2/m
2/year) for commercial offices within London for the year 2015. Similar to research 

carried out by Mortimer et al. (1999), Prez-Lombard et al. (2008), Coffey et al. (2009), and 

Bruhns & Watt (2011), variability of energy consumption was based on demand for activity 

related services, classifying buildings based on their function, namely, commercial offices 

within London. The general perception to emerge in the aforementioned studies was that 

similar buildings, located within the same area, having similar activities, consume roughly the 

same amount of energy per unit of floor area. A common feature of all these studies was that 

energy consumption was normalised through kWh/m2/year, also referred to as the buildings’ 

‘Energy Use Intensity’ (EUI). This enabled the scaling up of energy consumption of a large set 

of buildings, resulting in the estimate of gross energy use, within a specific region, city, or even 

at a national level.  

 

Research by Armitage et al. (2014) identified key factors that influence energy consumption of 

commercial offices, namely: HVAC (or if building has air-conditioning or not) building age, 

location, materials used during its construction, and size. While significant data exists with 

respect to building age, uniformity of location (London’s south east climate), and that a large 

portion of buildings are standard air-condition offices, uncertainty remains with respect to 

material used (i.e. building form and glazing system). However, the representative sample 

contains detail kWh/m2/year and kgCO2/m
2/year on actual occupied performance-in-use, 
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energy consumption and carbon emissions, making the requirement to assess the buildings’ 

glazing and form unnecessary. As identified earlier, the predetermined element analysis 

commenced with the development of an energy model based on data from the Centre for 

Sustainable Energy (CSE), Display Energy Certificate (DEC) register. This contained data on 

2,787 London public non-domestic buildings, which includes information on actual energy use 

in kWh/m2/year, floor space per m2 and building use. Similar to research by Godoy-Shimiz et 

al. (2001) and Armitage et al. (2015), the data sets were further narrowed down within summary 

excel spread sheets, isolating buildings classified as general office use only, within the 33 

London local authority districts. Once the relevant energy consumption and building types were 

quantified, further statistical analysis was carried out to identify the mean energy use intensity 

based on previous performance-in-use (kWh/m2/year).  

 

A representative mean Energy Use Intensity (EUI) figure was identified for each energy label 

A-G, based on data compiled within the performance-in-use, DEC database, relating to 

commercial offices within London. This was then extrapolated to the valuation office agency 

(VOA) office floor space for London, linking mean energy use intensity for each energy labels 

A-G (EUI- kWh/m2/year) to office area (VOA-m2). The DEC register provided a reasonable 

sample for deriving prior distributions of energy use intensity, as well as a normalised rating 

for commercial offices within central London. However, the register does not cover private 

sector buildings and it is assumed that the range and distribution of private sector offices will 

not vary significantly from public sector offices. This was found to be the case when further 

comparison took place between the research sample and 65,530 UK non-domestic register (the 

Centre for Sustainable Energy (CSE), Display Energy Certificates (DEC) register) 

summarised. Significant effort went into both processing and validating the research raw data 

prior to carrying out any analysis. The Valuation Office Agency database on floor areas was 

also utilised to match DEC entries, based on floor areas, addresses, and office names.  

 

As identified earlier, once developed, the carbon model was then extrapolated to the year 2050 

for all four scenarios (status quo, rigid stagnant city, green growth and greenwashing). This 

was carried out to study how future uncertainty in the output of the CO2 models can be 

apportioned to different sources of change (economic growth/decline, policy change, high/low 

investment in energy upgrades), with respect to estimating future energy demands and carbon 

emissions. The simulated energy demand of all the alternative futures commenced with the 
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same energy demand/CO2 emissions figures for the base year (2015) with sensitivity 

adjustments (for demolition & replacement rates, building regulation changes, 

tightening/relaxing MEES, as well as on-site energy generation  for the differing futures up to 

the year 2050. Excel modelling was used as part of the sensitivity analysis to assess the 

alternative futures and their ability to achieve the targeted CO2 emission reductions.  The fifth 

stage concluded with a comparison of the four alternative futures, with the aim of identifying 

a ‘desired future’ that achieves the working group CO2 reduction targets. 

 

4.3.9 Stage 6- Conceptual framework 

 

 

Figure 4.10 Summary of Stage 6 - Developing of the Conceptual Framework 

 (Adapted from Figure 4.2) 

 

Figure 4.10 identifies the amalgamating of both the qualitative and quantitative research, where 

the research outputs (from chapter 5 & 6) are brought together in developing the conceptual 

framework in chapter 7. These qualitative and quantitative data sets are assessed further 

through the use of a ‘backcasting’ exercise, to establish the sequence of events needed to realise 

the working group’s carbon reduction targets. Backcasting was used to describe the pathway 

to the desired outcome. Dreborg (1996) identifies that backcasting of scenarios generally leads 

to the identification of a solution for a specific problem. In the research case, the steps included 

the consolidation of environmental legislation, spending initiatives, financial incentives, as 

well as assigning differing stakeholder responsibilities. This study utilises backcasting 

techniques developed by Roberson (1982) and Ratcliffe (1999) in framing the future through 

the working group developing a ‘desired future’. Once developed, the sequence of events were 

prioritised (in order of High, Medium, Low impact on CO2 reduction) working backwards from 
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a particular endpoint (2050), to the present, assessing the scale of intervention needed 

(commencing now or within the near future) for the ‘desired’ low carbon future to emerge by 

2050.  

 

The conceptual framework reflects on the specific actions that the working group 

recommended needed to be introduced for the ‘desired low carbon future’ to become a reality. 

Furthermore, the CO2 model validates several of the working group’s recommendations 

through assessing the impact that different interventions have on the simulated future energy 

demand/CO2 emissions. The EU roadmap timelines (working group targets) were used to link 

the different specific actions that resulted in a complex layering of information, designed to 

demonstrate the timing and effort needed to meet the 2050 carbon reduction target.  

 

Once developed, the implications and consequence of the ‘desired future’ were assessed 

through presenting both the CO2 model and conceptual framework to industry experts (original 

working group), with an understanding of different stakeholders’ priorities for feedback, which 

resulted in further refinement of the conceptual framework. In doing so, the research 

incorporated both validating and refinement in the production of the final conceptual 

framework on how to encourage investment in the renovation of London’s existing commercial 

office building stock, to support a transition towards a low carbon future.   

 

4.4  Chapter 4 Summary 

 

This chapter provides an overview of methods used as part of this research, as well as 

identifying the analysis techniques employed. It also outlines the following key insights: 

 

1. Exploratory research is appropriate for the development and creating of future 

scenarios, with the aim of establishing a long-term framework on how to reduce the 

future energy demand & CO2 emissions of London’s commercial office building stock.    

2. The lack of accessible energy demand/CO2 emissions data necessitated the 

development of a CO2 model, which aided the testing and refinement of the working 

group’s future scenarios. The methodology employs extrapolation techniques in 

identifying the current Energy Use Intensity (EUI) and forecast energy demand in the 

differing future scenarios.  
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3. The research includes both qualitative (literature review, semi-structured working 

group) and quantitative analysis (CO2/energy demand modelling, backcasting), which 

differs from traditional government scenario planning methodologies in going beyond 

producing a vision of a desired future. This research focuses on establishing an evidence 

base that bridges the science policy gap, in examining various futures and options on 

how to achieve a low carbon desired future. In doing so, the research methodology 

legitimises decision making based on both up-to-date knowledge, as well as involving 

practitioners with an understanding of stakeholder priorities as part of the scenario 

development. 

 

Chapter 5 is the first of three chapters that presents and analyses the research findings. The next 

chapter focuses on the data gathering and analysis from the exploratory working groups, which 

led to the development of the four scenarios, representing four alternative futures of the built 

environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

141 

 

 

 

 

 

 

Chapter 5 

Exploring the future 

(Output from Working Group) 
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5.1 Introduction  

 

Both international and national governments are entering a period of energy uncertainty, driven 

by a growing consensus about the scale and importance of climate change, alongside a UK that 

needs to ensure energy supply in the face of rising global demand. These pressures are forcing 

stakeholders to rethink their policies to account for future uncertainty when it comes to energy 

supply and carbon emissions. Security of energy supply and decarbonisation have relied on 

advances in low-carbon technologies, the evolution of regulation (when it comes to new build), 

alongside investment in refurbishment, to date. Neither can be achieved without attention given 

to the existing building stock, since almost half of all the UK carbon emissions come from 

energy use within the built environment (Giesekam, et al., 2014). Futures research has been 

used in the past to strengthen policy making through the embedment of a futures approach to 

the governance of complex issues. This futures approach enables complex problems to be 

analysed from a variety of stakeholder perspectives, combining robust science, alongside well-

informed future thinking and advice on policy development.  

 

The previous chapter highlighted the philosophical and methodological approach to the 

research undertaken to compile and analyse primary and secondary data. The methodology 

chapter outlined the overall research structure, identifying how all the major parts of the 

research fit together, including stages to the working groups, data gathering, and methods of 

assessment. In doing so, it identified how each element of the research works together to 

analyse and address the central scoping question. The structure of this chapter continues along 

the lines of the preceding chapter, in identifying and summarising the research findings in a 

chronological order, based on the sequence of stages within the working groups and data 

collection process. This chapter is the first of three chapters presenting and analysing the 

research findings. The first chapter (chapter five; see Figure 5.1) focuses primarily on data 

gathering and analysis from the exploratory working groups (steps 1-4). This led to the 

development of four scenarios, representing four alternative futures of the built environment, 

where major topics of future uncertainty, as well as opportunity and challenges, unfold. The 

primary purpose of this data gathering was to ensure the methodological soundness of the 

scenario development, all of which evolved differently, in a logical and non-random way. The 

scenarios represent a variety of built environment futures, for energy use within the existing 

building stock. The second chapter (chapter six) is a continuation of exploring alternative future 
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scenarios, assessing how each evolve through the incorporation of London specific market data 

as part of the different ‘predetermined element’ analysis (items to be analysed in each scenario). 

In doing so, it reviews possible, plausible, probable, and preferred futures, in order to bridge 

the gap between ideas of change and establishing means of change. This was achieved through 

the production of an evidence-based analysis that leads to a desired future. The third chapter 

(chapter 7) brings together both the qualitative and quantitative data sets (identified and 

summarised in chapter 5 & 6), where the ‘desired future’ is further analysed. This analysis 

consists of framing a detailed description of its development path, which results in the 

production of a ‘conceptual framework’ on how to reach a low carbon future. This includes 

calculations that further illustrate the effort needed to incentivise change, from the current 

position, towards a desired low carbon, energy efficient future for London’s commercial office 

building stock.   

 

Figure 5.1 Structure of Chapter 5 

 

The future scenarios were developed using a deductive process, developed initially in the US 

by the Stanford Research Institute, which was later evolved by the Global Business Network 

(Ringland, 2006). The scenarios evolved through the hosting of exploratory working groups 

that resulted in four alternative futures of the energy demand and CO2 emissions of commercial 

office building stock, through exploring critical uncertainties. Figure 5.1 provides a pictorial 

overview of the different sections that make up chapter 5. Section 5.2 provides an overview of 

the working group’s findings. Tasks are sub-divided into differing stages which contains a 

detailed analysis from the London based working group. Tasks are presented under the 

following headings: Stage 1, outlining and agreeing upon the scoping question, which identifies 
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the research focus. Stage 2, identifying drivers of change and future challenges, which are 

reflected upon and which aid in developing the future scenarios. Stage 3, identifying and 

prioritising organisation/stakeholder forces, the outputs of which are used to identify both the 

‘critical scenarios drivers’ and ‘critical uncertainty items’. The critical scenario drivers form 

part of the analysis in developing the stories behind each scenario. While the critical uncertainty 

items were used to identify the independent (x-axis) and dependent (y-axis) variables, on a two 

axes diagram. The axes diagram provided an opportunity for the participants to assess a variety 

of differing outcomes, when it comes to constructing the different scenarios. Stage 4 then 

reflects upon the working group’s agreed list of drivers and future challenges, and visualises 

the initial set of future scenarios, representing four alternative futures of the built environment, 

where major topics of future uncertainty, as well as opportunity and challenges unfold. This 

chapter will focus on presenting findings from the main working group. The following is a 

summary of the main outputs from the London based working group, the framework of which 

was identified earlier in section 4.3.4 to 4.3.7. 

 

5.2 Working Group Findings 

 

The working group was carried out in a similar manner to the initial pilot study. However, as 

a result of the feedback from the pilot study, the working group incorporated initial telephone 

correspondence with participants outlining tasks prior to hosting of the event, detailed worked 

example presentations during the introductory stage, ranking exercises. (see Table 4.4). The 

research study also incorporated up-to-date, London specific quantitative data as part of later 

output testing. Similar to the pilot study, the main working group (see Table 4.3) was brought 

together in an attempt to predict and narrow down potential inputs such as drivers of changes, 

future challenges, alongside identifying driving forces and specific actions needed to be taken 

by stakeholders, that may influence the success of any future investment in the energy upgrade 

of the existing building stock. The output of which consisted of the development of four 

scenarios, following the four-step process identified earlier in sections 4.3.4 to 4.3.7.  

 

5.2.1 Stage 1-Scoping Question  

 

The main working group commenced with a review and clarification of the scoping question, 

which was based on the research’s aim and linked to several key objectives. The scoping 



  

145 

 

question sought ‘to develop a long-term strategy for encouraging investment in the energy 

upgrade of London’s existing commercial office building stock’. A general consensus had to 

be agreed upon, regarding the appropriate timeframe by participants, with respect to the 

scenario narratives. The working group came to the agreement that the time horizon should be 

linked to the European Commission’s low carbon economy roadmap. This sets out an 

ambitious target of 80% reduction in greenhouse gas emissions, by the year 2050, below 1990 

levels, with milestones of 40% emissions cuts by the year 2030 and 60% by 2040. The 2050 

EC low carbon economy roadmap and research into achieving such targets generally focuses 

on domestic targets or combining residential and non-domestic buildings when it comes to the 

built environment contribution. Furthermore, considerable research alongside government 

intervention has generally focused on legislating for new residential buildings; however, the 

implementation directive (EPBD, Directive 2001/91/EC) equally applies to non-domestic, 

existing buildings. Research has identified that energy demand for the UK non-domestic stock 

is a problem at least as large as the domestic sector, which only receives a small fraction of 

attention, as it relates to the business side of the economy, where government intervention 

appears to be more contentious (Ravetz, 2008).  Under the existing Energy Performance of 

Building Directive, EU countries must draw up long term, national renovation strategies, 

placing the existing building stock at the forefront of policy direction (Article 5, 2010/31/EU). 

Given the overlap between the scoping question and EPBD the working group discourse 

provides a qualitative framework, on how to inform current policy direction.  

 

The working group discussed the 80% targets in further detail and whether there was a need to 

focus on ‘sustainable issues,’ ‘increasing energy efficiency with respect to energy systems,’ 

‘energy use within buildings,’ or ‘energy use within the construction processes’. Upon 

reflection on the scoping question, the working group agreed to focus the analysis of measures 

on increasing ‘energy efficiency and CO2 emission reductions’ within London’s commercial 

office building stock, to achieve an 80% CO2 reduction target by 2050.    

 

5.2.2 Stage 2-Drivers of Change & Future Challenges 

 

The drivers of change and future challenges were classified under previously identified STEEP 

(Social, Technological, Economical, Environmental and Political) categories. Table 5.1 
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summarises the research working group list with respect to drivers of change and future 

challenges that were agreed upon during the London-based, research working group. 

 

Table 5.1 Summary of Research Study- list of Drivers of Change & Future Challenges 

Domain Drivers of change Future Challenges Ranked in order of 

Importance  

Social Flexible building layout Ability to adapt to user requirements & 

comfort 

1 

Occupants comfort  Comfort varies depending on personal needs 2 

Health & Well-Being Wellbeing to account for diverse range of 

building users   

3 

Social Expectations of 

buildings 

Retaining & recruiting employees 4 

Value for money for higher 

construction/operating associated with 

sustainable builds 

 

Location and work 

patterns 

Connectivity  5 

Additional operating costs  

VR & AI reduction in 

office workers 

Flexible floor plans  6 

Corporate Responsibility Changing organisations’ CSR credentials 7 

Economic Return on Investment Payback on investment 1 

Access to finance  

Reducing climate change  

Occupiers benefits Uncertainty on quantifying the benefits of 

occupying sustainable buildings 

2 

Access to finance  Uncertainties associated with BREXIT  3 

Green bond markets  

Responsible investment 

and ethical investment 

Understanding of benefits of sustainable 

buildings 

4 

Green Premium Market Value for energy efficiency 5 

Interest rates/insurance premiums  

Supply and demand 

energy efficient buildings 

Limited demand/supply 6 

Environmental Health & Wellbeing of 

Occupants 

Adaption to user demands 1 

Mitigate environment 

change 

Pollution (air in London) 2 

Energy security  

Waste reduction  

CO2 reduction  

Water quality  

Adapt to environment 

change 

Flood reduction 3 

Buildings prone to overheat  

Irregular weather patterns  

Supply of Materials/Resources  

Political London Plan Minimum requirements compliance 1 

Uncertainty & available of funding   
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Domain Drivers of change Future Challenges Ranked in order of 

Importance  

Building & Planning Regs. Enforcement 2 

Compliance obligations  

International targets  

(COP 21/Paris) 

Additional fines  3 

Limited driver of change  

Political uncertainty - BREXIT  

Security of Investment 

return 

Limited information on return for investing 

in energy efficiency 

4 

Technological Connectivity for Buildings Wireless & access to data and clients 1 

Occupier requirements-

smart building technology 

Technology meeting user expectations 2 

Efficiency Optimum performance assessments 3 

Using AI & VR Artificial Intelligence &Virtual Reality in 

visualising benefits of refurbishing 

4 

Operating Systems Smart metering meeting user expectations 5 

Limited personal controls  

On site-storage Renewables & generation of power site 

specific 

6 

Access to power Supply and storage of energy 7 

Mapping working 

pattering’s 

Limited informing on cost savings 8 

Limited informing on accountability  

Demonstrating legislation 

compliance 

Enforcement 9 

Gap between expectations  

 

Table 5.1 was completed through a collective consensus established during the working group 

(see Appendices 1 agendas, questions asked, section 4.3.5, chapter 4, on methodology). Table 

5.1 is a summary of a list of STEEP drivers of change, with respect to achieving the scoping 

question. There were minor disagreements with respect to the placement of some categories as 

either 1 or 2 in rating (see forthcoming, discussion in 5.2.2.1 to 5.2.2.5). However, the group 

collectively agreed with the final list of drivers, as summarised in the chronological ranked 

order in Table 5.1. This will be discussed further below. 

 

5.2.2.1  Social Drivers 

 

The initial discussion was held around social drivers of change and future challenges with 

respect to sustainable buildings and the need to invest in an energy upgrade of the existing 

building stock in the first instance. The most important drivers of change identified was the 

social perception that sustainable, or refurbished energy efficient buildings contain ‘flexible’ 

working spaces, which have a minimum impact on their environment. In today’s busy and fast 
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evolving workplace, buildings must promote workforce productivity while operating 

efficiently with regard to water, waste recycling, and energy usage. The Architect commented 

‘that buildings must convey corporate identity, promote employee wellbeing alongside 

respecting the bottom line through providing efficient and flexible working spaces’. Sustainable 

energy efficient buildings have the social perception of a suite of flexible factors such as low 

carbon footprint, efficient use of daylighting, renewable energy, high performance envelope, 

alongside climate and environment mapping which focuses on user satisfaction. This overlaps 

with literature in which Van de Wetering (2011) and Leishman et al. (2012) found that 

occupants rate buildings with sustainable characteristics, such as flexibility, accessibility and 

comfort, highly; however, not as high as its location. It is also worth noting that international 

voluntary Eco-labels (e.g. BREEAM, DGNB, LEED, LBC) also take buildings’ flexibility into 

account in determining certificate performance rating (see section 2.11).  

 

Occupants’ comfort and satisfaction was identified as the second ranked driver of change. The 

working group identified that creating comfortable conditions for occupiers was one of the 

biggest contributors to energy consumption within buildings (heating & cooling).  The 

Architect expressed ‘concerns with respect to the ability to design for a variety of user’s 

different perception of comfort’; however, the Property Manager explained that the use of a 

‘user satisfaction index’ could be used to obtain acceptable comfortable conditions when it 

came to the operation of buildings. 

 

There was a general perception within the working group that sustainable buildings are more 

comfortable for occupants than traditional buildings. This reflects the literature which 

identified that occupants’ satisfaction is dependent on lighting, air quality, thermal, and 

acoustic performance of the space in which they occupy/work. However, comfort also varies 

depending on personal needs and that comfort can be enhanced through the provision of 

personal controls to building users (Heerwagen, 1998; Abbaszadeh et al., 2006; Edwards, 2006; 

Zagreus et al., 2006). Literature identified that user satisfaction was not dependent on whether 

users occupy sustainable (new/refurbished) buildings. However, it is dependent on the 

interaction and communication between property professionals (architects, facility managers) 

building design and management philosophy (focused around sustainable principles) and 

meeting occupants’ requirements (Weiss et al., 2004). Occupiers comfort can be accounted for 
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at both the design and management of buildings, through the incorporation of useful tools such 

as the aforementioned user satisfaction index.  

 

The ability to adapt to both user needs and requirements was identified as the main social 

‘future challenges’ that emerged from the working group. This was reflected in the group 

agreeing that any future retrofit project must take into account the interaction between 

sustainable technology, design, and occupant requirements. The success of this interaction will 

depend on the communication of knowledge and experience, as well as the social learning 

process between designer, managers, and end users, through the upskilling of individuals 

involved. These future challenges are accounted for as part of the final conceptual framework, 

under the heading ‘Information and Advocacy’. This recommends additional training and 

upskilling of professionals involved in the design and management of buildings to inform 

individuals on what truly matters when it comes to reducing energy demand/CO2 emissions 

and meeting user needs. Information and advocacy also included the recommendation of 

further research into initiatives that link occupier needs with the design and management of 

buildings.      

 

Health and wellbeing of occupants was ranked by the working group as the third biggest driver 

of change, with respect to driving change towards a sustainable energy efficient building stock. 

The Chartered Surveyor identified that ‘energy costs generally account for a small proportion 

of London office running costs (approx. 1%) but rent and rates account for a higher proportion 

(approx. 9%) while employee costs account for the largest proportion of running costs (approx. 

90%)’. The Chartered Surveyor therefore identified that ‘keeping employees/occupants happy 

and their wellbeing in the first instance, should be viewed as a key driver of investing in 

sustainable buildings’. This was reflected in the literature, which identified that the health and 

wellbeing of occupants has traditionally been classified under a psychological effect generated 

through the perceptual and sensory process that interprets environmental information in terms 

of its effect on current needs, activities, and performance (Jafari et al., 2016). Occupants’ 

working environment has consequences with respect to work performance and productivity, 

with sustainable buildings generally positively associated with occupiers’ health and 

wellbeing. There is inherent variability in psychological responses when it comes to identifying 

an ideal working environment, as environmental conditions can affect different ‘people in 
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different ways’, as well as affect the ‘same person differently’ over time. This was identified 

as a ‘future challenge’ by the working group.  

 

The Engineer had experience in the area of ‘well building standards’, having worked on several 

projects that were aiming at obtaining well building certification. Good building standards were 

identified by the working group as a methodology that accounts for ‘variability in occupier’s 

perception’ of wellbeing. These standards are closely linked to LEED certification, however 

they focus exclusively on occupants’ health in the area of environment they work (air, water, 

nourishment, light, fitness, comfort, mind), which includes an occupier survey, the output of 

which consists of a silver, gold, or platinum certification. Emphasising the importance that a 

post occupancy survey or occupancy feedback plays when it comes to identifying a building’s 

optimum performance. Feedback on performance-in-use was later classified under the heading 

‘Information and Advocacy’, recommending further research into whether a link exists 

between buildings’ optimum performance and user requirements. 

 

Societal expectations of buildings were ranked as the fourth most important social driver of 

change. This was in the context of what tenants or occupiers expect from commercial office 

buildings in the first instance, alongside expectations of sustainable buildings. The working 

group also identified organisations that occupy sustainable buildings within a central urban 

location, which have advantages over traditional builds, in recruiting and retaining relevant 

employees. Several of the participants emphasised ‘value for money’ under the heading social 

expectations as a driver of change towards sustainability, when it came to occupiers rent and 

service charges. The Carbon Trust Representative identified that ‘if landlords do not meet 

tenants’ expectations with respect to workers wellbeing, performance-in-use meeting design 

intent, alongside flexibility and comfort within a specific location, then tenants could simply 

move elsewhere’. Societal expectations were also discussed with respect to occupiers’ high 

expectations of sustainable buildings. The UK Green Building Council Representative 

identified that ‘these expectations are rarely, if ever met, when it comes to a retrospective 

assessment of performance-in-use and that in reality the only society expectation achieved may 

be in the area of recruitment and retaining relevant employees’. This reflects literature that 

high profile green certified buildings do not always meet occupiers’ expectations, with respect 

to comfort, wellbeing, and performance-in-use. However, this could be adjusted through 
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communication with the facility management team (Sanderson, et al., 2016; Roulet et al., 2006; 

Gorgolewski, 2014).  

 

The UK Green Building Council Representative comments with respect to the true benefits of 

sustainable buildings may lie ‘in the area of recruitment and retaining relevant employees’. 

This reflected literature that identified location, alongside the recruitment and retention of 

employees, as the most important factors when it comes to occupying sustainable buildings 

(Sanderson, et al., 2016). Several US based surveys also found that public image, recruitment, 

and retention of employees were enhanced through investing in sustainable buildings (Miller, 

et al., 2009; Houghton, et al., 2009). The group identified the ability of buildings to meet ‘user 

expectations’ and ‘value for money’ as future challenges. Feedback on ‘return on investment’ 

and ‘research’, into quantifying building performance-in-use, formed part of later specific 

actions required to be taken by stakeholders, to account for these future challenges.   

 

5.2.2.2  Economic Drivers 

 

The second domain or category to be discussed was the economic drivers of change and future 

challenges when it comes to investing in energy refurbishment of the existing building stock. 

The Property Manager identified ‘economic drivers’ in the first instance as the most important 

driver, in his opinion, when it came to encouraging investment in refurbishing the existing 

building stock. He identified that ‘there were insufficient economic drivers for investing in 

refurbishing to date that resulted in market failure to systematically produce enough examples 

of retrofitted green buildings’. The market failures discussed were similar to those identified 

earlier (section 2.8). This point came across through the working group agreeing and 

identifying ‘return on investment’ as the main economic driver of change. The group agreed 

with literature (Kats, 2003; Singh et al., 2010; Turban and Greening, 1997) that finds 

sustainable buildings had numerous performance advantages over traditional buildings. 

However, this had to be explicit and informative from an investor’s perspective, prior to 

financing any refurbishment projects. Such drivers of change were identified as enhancing 

performance, with respect to energy efficiency, water efficiency, and high qualify outputs such 

as improved employee productivity, recruitment, and retention of staff.  While reduced 

operating cost savings and improved productivity can enhance the structural assets of 

organisations, the Chartered Surveyor Participant identified that a ‘gentrification effect’ existed 



  

152 

 

when it came to highly energy efficient certified buildings in the UK. This is where surrounding 

uncertified buildings also obtain positive externalities from certification, making it difficult to 

attribute higher rents or market value to individual sustainable building characteristics as those 

without these features were also shown to benefit. Reduction of climate change, mitigating the 

risk of energy price volatility, energy supply security, alongside the ability to meet energy 

efficiency and sustainable regulations, were also discussed under ‘future challenges’ when it 

came to demonstrating ‘return on investing’ in the refurbishment of the existing building stock. 

This was also reflected in literature, where current price and rent premiums may not present 

sufficient returns for investing in energy efficiency upgrading in the first instance. However, 

Sayce, Ellison, & Smith (2004) view the failure for not investing in sustainable or energy 

efficient as a future risk liability, with respect to brown discount, depreciation, tenant retention, 

fear of litigation (lease non-compliance), vacancy, and adaptability to climate change. The 

‘future challenge’ on return on investing in green is addressed further in chapter 7 through the 

development of a framework that includes legislation, professional upskilling and a tax system 

linked to buildings’ CO2 emissions, to incentivise refurbishing the existing London commercial 

office building stock.   

 

Occupier benefits was ranked as the second most important economic driver of change. While 

some of these benefits were mentioned previously under different headings, the working group 

agreed that occupier benefits was a key driver in its own right, for investing in refurbishment. 

Literature identifies that both building location and its characteristics were the main factors in 

attracting and retaining tenants in the first instance (Pellegrini-Masini, and Leishman, 2011), 

where important characteristics included functionality and accessibility. However, the 

literature review also identified that traditional sustainable buildings’ characteristics such as 

energy efficiency, has increased in importance in recent years. The Carbon Trust 

Representative identified that ‘sustainable and refurbished buildings generally have advanced 

characteristics such as the ability to attract and retain employees, increase employee 

productivity and occupiers’ well-being, over traditional buildings’.  At the same time, it was 

perceived that having the ability to reduce operating costs, energy usage within their 

environment, and having a lower carbon footprint are benefits of occupying sustainable 

buildings. However, there was group discourse with respect to the ability to quantify these 

benefits. The property manager identified that ‘uncertainty exists with respect to the ability to 

quantify employee productivity and operating costs, when it came to comparing sustainable 



  

153 

 

buildings to traditional builds’.  The uncertainty on quantifying the benefits of occupying 

sustainable buildings was identified as ‘future challenge’ when it came to economic drivers of 

change. This reflects literature, where researchers question some of the perceived benefits of 

occupying highly eco-labelled buildings. For example, research identified that operating costs 

and energy efficiency are not always optimised or lower for high ecolabel or certified buildings, 

when compared to non-certified buildings (Miller et al., 2010; Pivo and Fischer, 2010; 

Leishman et al., 2012; Barrientos et al., 2007; Scofield, 2009; Newsham et al., 2009). 

Furthermore, questions remain whether a ‘split incentive’ exists, with respect to the cost and 

benefits of occupying sustainable buildings, with the lease agreement often a determining 

factor on whether a landlord or tenant benefits directly (see section 2.8).  These ‘future 

challenges’ are assessed further through the comparison and analysis of energy labels and 

energy performance-in-use data sets (EPC labels compared to DEC data), when it came to the 

later CO2 model simulation of London commercial offices (see section 6.2.2.4). 

 

Uncertainty, with respect to accessing finance, allowing for the investment in a refurbishment 

project in the first instance, was identified and ranked as the third most relevant future challenge 

under economic drivers. The working group identified ‘future challenges’ with respect to 

BREXIT and the withdrawal of the funding mechanism to the Green Deal. This has resulted in 

uncertainty in obtaining finance and retaining access to green bond markets. However, the 

working group identified that evidence is starting to emerge, where high eco-labelled or green 

certified buildings can obtain lower insurance premiums and, in some instances, higher rent 

and sale premiums. In doing so, investment in a sustainable retrofit project may have the ability 

to obtain better lending terms and conditions when compared to non-sustainable or general 

maintenance works (Zurich, 2013). These ‘future challenges’, when it comes to obtaining 

funding and the uncertainty of BREXIT, are discussed further in chapter 7, where alternative 

funding mechanisms, alongside the impact of BREXIT, are considered. 

 

Additional economic drivers of change were identified in the area of ‘responsible and ethical 

investment, green premium and the available supply and demand for energy efficient buildings 

within the London market’. Alongside ‘future challenges’, with respect to understanding the 

benefits of sustainable buildings, identifying and quantifying a green value and limited supply 

in the London area, were also mentioned. The group discussion took place on these drivers of 

change as having lower rating averages, compared to the aforementioned economic drivers, 
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when it came to ranking the drivers of change.  These drivers were identified earlier in chapter 

3 as well as being discussed later in chapter 6, where specific actions are assessed on how to 

account for these ‘future challenges’. 

 

5.2.2.3  Environmental Drivers 

 

Environmental drivers were identified as the main reason for investing in a refurbishment 

project in the first instance, as the subject of environmental deterioration is one of the key 

drivers for research and policy issues in the twenty first century. Chapter 2 outlined concerns 

on climate change with respect to pollution levels threatening the environment and the survival 

of the human species focusing on the development of policy and governance to mitigate against 

such environmental change. The working group identified and ranked ‘occupiers’ health and 

wellbeing’ as the most significant environmental ‘driver of change’. Occupiers’ health and 

wellbeing has also been identified under social drivers of change; however, the working group 

agreed that it was the main environmental driver of change towards investing in energy 

upgrading the existing building stock. This was discussed in the context of the impact a 

building’s indoor environmental has on the health & wellbeing of occupiers within buildings. 

Where high energy consuming and carbon emitting, non-sustainable designed builds were 

viewed as having a negative influence on occupiers’ health, sustainable designed energy 

efficient builds were viewed as having a positive influence on occupiers’ health. The Property 

Manager and Architect agreed ‘that a balance had to be obtained between sustainable design 

and optimum performance to create a well-being building’. The ability for ‘adaption to users’ 

demand’ was identified as a ‘future challenge’ when it came to the health and wellbeing of 

occupants. The Engineer identified that ‘The International Well Building Institute (IWBI) takes 

environmental conditions within buildings into account as part of its certification process, 

where indoor air quality, amenities, views, daylight, layout, design and thermal comfort are 

essential for a healthy, office environment’. The Engineer identified that the ‘future challenges’ 

could be accounted for through occupiers requesting a minimum standard IWBI certificates, 

prior to signing a lease agreement. These ‘further challenges’ are discussed in chapter 7, where 

additional ‘research’ and ‘feedback on buildings’ performance-in-use’ were identified as 

specific actions to be taken, to account for these challenges (see 7.3). 
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The working group ranked the ability to ‘mitigate against environment change’ as the second 

most important environmental driver of change with the group, identifying London’s air 

pollution as a significant environmental ‘future challenge’. This was in line with literature that 

identified London’s air quality at locations in the capital to be worse than parts of Beijing, 

hitting a peak of 197 micrograms per cubic metre in January 2017, which is deemed unhealthy 

(Telegraph, 2017). The impact of reduced air quality, alongside water quality, contributes to 

the emergence and spread of infectious diseases that affect both humans and animals (Loren 

and Butler, 2006). Energy security and CO2 & waste reduction were also identified as future 

environmental challenges. The Architect suggests that ‘decarbonising the grid through carbon 

capture and storage may provide a solution to mitigation for environmental change’. This 

approach has been touted as a quick fix solution for several years; however, plans to develop 

it has stalled due to the significant costs involved. However, although the UK government has 

committed to cutting carbon emissions, policies are now directed towards energy costs and 

energy security (BBC, 2016).  The Carbon Trust Representative identified that this ‘quick fix 

solution would still result in a shortfall in occupiers’ expectations’, with respect to 

aforementioned social and economic drivers of change. The working group identified that 

energy refurbishing or upgrading the existing building stock presents an opportunity to 

integrate sustainable principles retrospectively, thus improving environmental conditions for 

occupants. The group identified that ‘future challenges could be reduced through the use of 

new technologies, renewable energies, making older building more energy efficient, alongside 

changing management practices and occupier behaviour’.  

 

Adaptation to environmental change was ranked as the third future challenge, when it came to 

environmental considerations. Adaptation of the existing building stock to climate change, 

alongside the concept of energy upgrading the existing building stock, were identified as 

critical aspects to improving sustainability within the built environment. Adaptation presents 

an opportunity to integrate energy efficiency, retrospectively. The Carbon Trust Representative 

identified that ‘while mitigation for environmental change is a priority, consideration had also 

to be given to planning for its inevitable impact’. The long-term life cycle of most buildings 

means that they are at risk from the impact of climate change, especially when research 

estimates that 85% of the existing building stock will still be in existence by the year 2050 

(Existing Homes Alliance, 2010). These risks consist of hotter drier summers, warmer wetter 

winters, rise in sea levels, alongside an increase in external weather events. The group 
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identified future challenges, with respect to ‘flooding, overheating buildings, ability to adapt 

to irregular weather patterns and availability of materials and resources’. These risks can have 

an influence on how occupiers use and operate their buildings, thus any refurbishment project 

will have to adapt to cope with the conditions of future climate change. The UK government 

set up a Technology Strategy Board (TSB), which produced a report identifying new ways to 

design, construct, and upgrade existing buildings, so they are resilient to threats of climate 

change. This consists of a framework on the ‘design, construction, upgrade and occupation of 

buildings, to accommodate for expected changes’ (Gething, 2010, p. 7). Similar frameworks 

have also been implemented at a local level, through ‘town and country planning association’ 

which publishes regional guides, on ‘climate change by design’ (Shaw et al., 2007). The 

working group identified that the drivers may change from ‘the mitigating of environmental 

change’, to ‘the adaption of environmental change’, depending on the extent of climate change 

and its occurrence over different time horizons.   

 

5.2.2.4  Political Drivers 

 

Chapter 2 identified the evolution of both international and national governance, from a 

necessity to change human behaviour, to legislate for new builds, to developing a framework 

for dealing with the existing building stock. Furthermore, the literature reviewed identified 

several market failures that led to the need for government intervention in the first instance, in 

the form of energy efficient and carbon reduction policy and legislation. The working group 

identified international agreements and local governance, which included carbon targets and 

fines as the main drivers for implementing legislation in this area; however, this was prioritised 

based on a bottom up approach.   

 

The London Plan was ranked as the main driver of change when it came to investing in a 

sustainable retrofit project. For example, the Architect identified that within the London local 

plan strategy there contains a ‘vision’ for environmental sustainability ‘to ensure that the City 

of London remains at the forefront of action in response to climate change and other 

sustainability challenges that face high density urban environments, aiming to achieve national 

and international recognition for its sustainability initiatives’ (London Plan, objective 4). They 

aim to achieve this vision through the implementation of core policies with respect to 

sustainable development and climate change, public transport, waste and flood waste measures. 
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The details of this are contained within the Mayor of London’s SPG, which identifies that 

additional information is needed for any major new development or refurbishment applications 

(additional floor area of 1,000m2). The Architect identified that ‘this additional information 

included a ‘sustainable statement’, which demonstrates that works will aim at obtaining 

BREEAM excellent, or outstanding with respect to energy, water, pollution and materials 

used’.  Furthermore, the Mayor of London has imposed a zero-carbon planning requirement 

for the London area, in preparation for the introduction of ‘near zero energy buildings’ by the 

year 2020. Limited direction on how to make the existing building stock energy efficient and 

shortfalls with respect to details on items such as minimum energy efficiency standards, 

funding mechanisms, were identified by the working group as ‘future challenges’ within the 

existing London Plan. These future challenges are addressed in chapter 7, through identifying 

a detailed framework and specific actions (that complements the existing London Plan), 

specifically on how to reduce the energy demand from existing non-domestic commercial 

office buildings. 

 

National legislation in the form of Planning and Development Acts, Building Regulations, the 

Climate Change Act and Energy Act 2011 translate EU directives such as the EPBD at a local 

level. The working group ranked the aforementioned, national legislation as the second driver 

of change, when it comes to encouraging refurbishment within the existing building stock. The 

Chartered Surveyor also identified that ‘the then pending implementation of the Energy Act 

2011: Private Rented Sector Regulations, as a current driver for change’. Under the Energy 

Act 2011, it proposes that all landlords must have an EPC rating of E or above, from April 

2018, otherwise they will be unable to let a non-residential building, the impact of which is still 

unclear for the property industry. Several of the participants felt that this might result in a brown 

discount for properties that did not meet market expectations, while others felt that it might 

possibly result in a green premium for best in class or sustainable buildings, within an ideal 

location. The working group identified limiting future drivers of change to legislative 

compliance may result in energy efficiency being viewed as a compliance issue/obligation, 

implemented through local enforcement. The ‘future challenge’ was to make all stakeholders 

aware of the benefits of upgrading their existing building stock in the first instance. These 

future challenges were discussed further in chapter 7, through the recommendation that all 

stakeholders are ‘informing’ on the benefits of upgrade energy efficient works, alongside 
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providing ‘feedback’ on issues such as return on investment, performance-in-use monitoring, 

and obtaining occupier evaluation in the form of IWBI certificates.  

 

International agreements such as the COP 21/Paris Agreement carbon emission targets were 

ranked by the working group as the third driver of change when it comes to refurbishment of 

the existing building stock. The Architect identified that ‘for the COP21 targets to meet their 

expectations, all new buildings must be net zero by 2020 and that 100% of buildings should be 

net zero by the year 2050’. International fines and limited drivers of change were identified by 

the working group as ‘future challenges’ when it came to international agreements. These fines 

may cost the UK up to £300m under EU directives, over failure to meet air pollution targets 

(Independent, 2014). The Property Manager identified that the Paris Agreement may be simply 

‘perceived as another far-reaching international agreement’ (similar to the Kyoto Protocol, 

Copenhagen accord) ‘viewed as a limited driver of change with respect to the existing building 

stock’. These future challenges with respect to ‘limited driver of change’ and ‘additional fines’ 

were incorporated as part of the later conceptual framework, through the recommendation of a 

gradual tightening of existing built environment legislative, to produce a carbon reduction 

framework in line with the EU low carbon economy roadmap. 

 

Political uncertainty was also identified as a ‘future challenge’. The working group identified 

that uncertainty exists with respect to BREXIT and whether the UK is going to continue along 

the EU low carbon economy roadmap and the implementation of similar agreements at national 

levels. The committee on climate change (CCC) published an assessment of the impact of 

BREXIT on climate policy. It noted that the UK played an important role in developing 

mechanisms to control emissions in particular, where a coordinated approach was needed. If 

these mechanisms were continued and strengthened throughout the 2020’s, as required under 

the European Commission, the low carbon economy roadmap, the UK would cover 55% of the 

emissions reduction targets by the year 2030 (CCC, 2016). The CCC recommended that the 

UK should remain within existing schemes, in areas where these are working effectively, or 

replace them at a UK level. The working group identified that BREXIT may result in the 

devolution of power at a regional level, resulting in local plan strategies (similar to the London 

Plan), allowing local authorities to continue along the EU low carbon economy roadmap and, 

in some instances, free up planning authorities to set higher control mechanisms when it comes 

to carbon emissions.    
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5.2.2.5  Technological Drivers 

 

The working group ranked ‘connectivity’ as the main technology driver for investing in 

refurbishing existing buildings, where access to high speed broadband and clients’ data storage 

was identified as a priority. The participants identified ‘future challenges’ in that commercial 

offices in central London are vulnerable to the loss of ‘internet connectivity’, arising from 

rising demand and failing infrastructure. The Chartered Surveyor identified ‘that occupier 

requirements traditionally centred on location and cost however, connectivity can now be 

added to this list’. He identified that: ‘digital connectivity is now as important to commercial 

office occupiers as running water and mains electricity’. Participants identified that parts of 

London (Shoreditch-London tech/creative/digital sector) are facing challenges based on the 

sheer volume of businesses concentrated in key areas, inevitably placing pressure on its 

infrastructure. The Chartered Surveyor identifies that ‘it is almost meaningless to differentiate 

traditional occupiers from tech occupiers, as all occupiers are now tech occupiers when it 

comes to their demand for connectivity’. The Architect viewed this driver as ‘a positive 

development in that landlords will now have to invest heavily in refurbishment works to ensure 

buildings are future proofed with respect to connectivity’. Occupiers can now view WiredScore 

certificates (launched in London 2015) to review the quality of digital connectivity 

infrastructure in commercial buildings as part of their due-diligence assessment, prior to 

occupation, to account for these ‘future challenges’ and to ensure that their buildings are the 

best connected in their marketplace. The conceptual framework (see chapter 7) presents a 

pathway for connectivity that complements the London Plan. A recent EU directive (Directive 

2014/61/EU) has been introduced in the UK under the building regulations R1 (SI 20016/490) 

in January 2017, which introduced higher standards for new and major renovations, to enable 

connections to broadband of speeds of no less than 30Mbits per second. This regulation 

requires a building’s physical infrastructure to be upgraded in the event of new construction or 

renovations, to enable buildings to connect to a high-speed electric communications network. 

The conceptual framework recommends that all new and renovated buildings are constructed 

to higher physical broadband infrastructure standards (required under R1-SI 20016/490), in 

accordance with low carbon standards (NZEB & carbon neutral), enabling London to compete 

on a level playing field with other EU cities in the event of Brexit. 
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The working group ranked occupiers’ requirements for Smart Efficient Buildings as the second 

driver of change towards technology advances in refurbished buildings. While flexibility and 

the ability to adapt to user requirements were identified earlier as a social driver for change, 

smart buildings were identified as a mechanism for achieving this flexibility, as smart buildings 

can respond to the requirements of occupants, organisations and society (Clements-Croome, 

2011). Smart buildings are occupier based, incorporate feedback from occupants on how they 

use their space, alongside providing methods for inherent control through the integration of 

enterprise and intelligent systems. In doing so, they empower occupants to make their own 

comfort decisions, while also maintaining regular control.  The movement towards 

refurbishment of buildings is driven by the desire to control costs (energy, space, and 

operation), alongside occupants’ health and well-being. Smart buildings generally have 

advances in technology solutions over traditional buildings, which results in space utilisation, 

energy efficient consumption, and greater flexibility to user requirements (Brown et al., 2009).  

The working group identified technology’s ‘ability to meet user expectations’ as a future 

technological challenge. The Property Manager also identified that ‘while many companies 

invest in high specified building services that have the ability to reduce energy consumption. 

However, the inability of occupiers or uninformed facility managers to optimise these services 

performance, results in little or no reduction in actual energy consumption’. This was reflected 

in the literature, which concluded that sustainable refurbishment and the process of upgrading 

the existing building stock is not hindered by the lack of technology or the ability to assess the 

performance of buildings. However, challenges exist with respect to organisational and 

procedural difficulties entailed in the adoption of new methods. Incorporating new technology 

into existing buildings is often restrained, as this requires a process change, and incurs risks 

and unforeseen costs (Häkkinen, and Belloni, 2011). This often results in the lack of client or 

end user understanding in a building’s optimum performance. Furthermore, Häkkinen, and 

Belloni (2011) identify the main benefits of technology is to inform stakeholders about the 

advantages of sustainable energy efficient buildings. These future challenges are accounted for 

in chapter 7 in the recommendation of upskilling initiatives, through the introduction of 

continuing professional development (CPD), under the ‘Information & Advocacy’ heading 

(see Table 7.10).  

  

Efficiency with respect to energy consumption was ranked as the third technological driver of 

change, towards encouraging investment in upgrading the existing building stock. The 
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Engineer identified technology advances towards ‘upgrading building services, such as 

improved heating system, efficient lighting, alongside changes towards decarbonise energy 

sources’ all have the ability to reduce the energy consumption and CO2 emission within 

building’. Technology advances increases the efficiency of machinery, resulting in lower 

consumption of fuels. However, the Property Manager highlighted ‘caution when it came to 

relying on technology advantages alone in making the existing building stock energy efficient’. 

He identified a phenomenon known as ‘Jevons paradox’, which often occurs when 

landlords/occupiers invest in technology but where the expect efficiency outcome is not always 

achieved as a result of a rise or increase in energy demand from building users.  The Engineer 

identified ‘the possibility of focusing on CO2 reduction as opposed to energy efficiency as a 

possible solution to this Jevons paradox’.  Literature identifies this Jevons paradox as perhaps 

the widely known contradiction when it comes to environmental economics (York, 2006). 

Optimum performance assessment was identified by the working group as a ‘future challenge’ 

when it came to technological drivers of change. This future challenge is discussed further 

chapter 7, where feedback on investment, through the carrying out of further research, 

identifying the optimum building performance-in-use, was identified as a specific action 

required to identify the ideal performance when investing in upgrading existing services.     

 

The perceived benefits of net generation, Artificial Intelligence & Virtual Reality (AI & VR), 

and its ability in integrate smart assistance into building operating system, were identified as 

drivers of change with respect to refurbishing the existing building stock.   AI & VR, the ability 

to store energy on-site when it comes to renewable technology (wind, solar, geothermal, sea), 

alongside access to a variety of power sources, were also identified as technological advantages 

and benefits now available to building users. The group placed these drivers of change as 

having lower weighted averages, when compared to the earlier mention technological drivers, 

with respect to identifying and ranking the drivers of change. These challenges will be reviewed 

and discussed further in section 7.3, chapter 7, where ‘feedback, on return on investment’ was 

recommended as specific actions accounting for these future challenges. Informing investors 

on not only the monetary returns, but also feedback on how investing in upgrading can reduce 

the ‘future challenges’ identified earlier under the variety of STEEP categories.   

 

Technology advances also give occupiers the ability to provide on-site energy storage, 

renewables, and energy generation, enabling landlords to demonstrate compliance with 
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conditions of planning, building control, corporate governance, occupier requirements and 

energy security. As discussed earlier, the Mayor of London has imposed a zero-carbon planning 

requirement for the London area, in preparation for the introduction of ‘near zero energy 

buildings’ by the year 2020. Technology advances in the area of onsite energy generation 

(renewables) storage, and carbon offsetting, may result in a long-term ability of buildings to be 

self-sufficient when it comes to energy production and carbon offsetting. The working group 

agreed that technology advances were insufficient to meet social progression and expectations 

when it came to the existing building stock and had to be integrated as part of a refurbishment 

project, as technology advances in isolation were inefficient to meet carbon reduction targets 

within the time horizon.  

 

5.2.2.6  Summary of the Drivers of Change & Future Challenges 

 

Figure 5.2 summarises both the ‘drivers of change’ and ‘future challenges’ the working group 

felt would have an influence on developing a long-term strategy for encouraging investment in 

energy upgrading London’s existing commercial office building stock.  
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Figure 5.2 Summary of ‘Drivers of Change’ and ‘Future Challenges’ 

 

Figure 5.2 summarises the ranked different drivers of change, with respect to the London based 

working group. In addition to the STEEP categories listed in Table 5.1, there are location, 

regulatory, site, physical, and legal factors which have an influence on driving any energy 

refurbishment project, where the notion of optimised energy efficiency fits within these factors 

to varying degrees. The working group identified that all factors are drivers for investing in an 

energy efficient refurbishment project, however, some have higher influence on driving change 

when it comes to an existing building and on the rate of change that occurs.  

 

As identified earlier, the main working group agreed to narrow the focus to energy 

efficiency/CO2 emission reduction drivers of change and future challenges, which enabled 

future chapters to focus on quantifiable outputs such as kWh/m2, kgCO2/m
2. Furthermore, the 

research working group directly linked the scoping question timeframe to the EU low carbon 

economy roadmap, providing an opportunity for the research output to provide a direct 



  

164 

 

framework on how to inform current policy direction. Incorporating pre-working group 

telephone conversation prior to the main research group taking place, gave participants the 

opportunity to reflect upon their experience working in the property industry. This allowed 

participants to identify a list of ‘drivers’ and ‘challenges’, alongside informing participants on 

the research focus, prior to the event taking place. However, the drivers and challenges were 

not finalised until group discourse took place, where all participants agreed on the final ranking, 

as shown in descending order in Table 5.1. This stage (stage 2) allowed participants to obtain 

an understanding of the research focus (scoping question) while assessing the rationale (drive) 

for investing in the energy efficiency upgrade of the existing building stock in the first instance. 

In addition, this early analysis of future challenges focused participants on discussions 

regarding assess opportunities for change, prior to presenting solutions. Taking this sequence 

approach allowed for, firstly, the identification of the need for change and, secondly, the 

assessment of the challenges associated with that change, prior to presenting solutions (as 

advocated for in the SRI framework methodology). These drivers and challenges were later 

reflected upon (in stage 4) when it came to developing the differing future scenarios.  

 

5.2.3 Stage 3 - Identifying & Prioritising Organisational/Stakeholder Forces 

 

The third stage in developing the scenarios was to identify and summarise stakeholder driving 

forces and the specific actions the working group felt had to be taken now to encourage 

investment in upgrading the existing building stock. Participants were asked to identify relevant 

stakeholders (Nodes) that could contribute to, or influence change, towards achieving an 

energy efficient/low CO2 emitting, commercial office building stock by 2050. Once identified, 

participants were then asked to identify driving forces (coding) behind promoting change under 

the aforementioned list of stakeholders. Thirdly, participants were then asked to reflect upon 

each driving force and identify specific actions required (further coding) to incentivise or 

promote this driver in order to realise change. Investment in refurbishing the existing building 

stock will not happen without multi-stakeholder action at a national, regional, and at a local 

level. The working group identified that the stakeholders of government organisations, energy 

agencies, occupiers, and landlords, alongside practitioners need to be actively involved in 

discussions on making the existing building stock as energy efficient as possible for future 

generations. In particular, in developing a framework on how the industry can meet its carbon 

targets under EU emission trading system (ETS) by 2050. In doing so, helping to mitigate 
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environmental change, before it is too late and before compulsory action is needed to adapt to 

environmental change. The working group agreed that the required action should evolve in line 

with the European Commission’s low carbon economy roadmap of 40% CO2 emissions cuts 

by 2030, 60% by 2040, and 80% reduction target by 2050. 

 

Table 5.2 Summary Organisational/Stakeholder Driving Forces & Specific Actions to be taken to 

realise change 
Stakeholder Driving Forces Specific Actions or policy adaptation needed 

Group 1-

Government  

(legislative & 

policy creation & 

implementation) 

International Agreements  Minimum energy efficiency standard, 

adapted to performance-in-use, & 

timeframe included to reach A label  

Link performance-in-use rather than design 

intent labels (DEC’s instead of EPC’s) 

Raising awareness of energy use, through 

education and upskilling initiatives 

VAT linked to CO2 consumption 

Additional Green finance mechanism, with 

reduced interest rates 

Competition from 

international investors for 

funds 

CO2 trading mechanism 

Upgrade existing building stock 

Attract organisations with a strong CSR 

policy 

Demonstrate Return on Investment 

Provide certainty in the event of BREXIT 

through identifying framework direction on 

CO2 reduction  

Energy costs & security Encourage onsite renewables and CO2 

storage 

Decarbonising the grid 

Energy efficient refurbishment project 

Remove market failures 

that have resulted in high 

consuming building stock 

Education and upskilling programme 

Tackle energy inefficiency as an 

infrastructure priority 
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Stakeholder Driving Forces Specific Actions or policy adaptation needed 

Green lease or building performance lease 

initiatives (share burn of investing in green) 

London Environment Strategy to 

incorporate detail budgets and CO2 targets 

for refurbishment/upgrade works, and 

provide certainty in the event of BREXIT 

Group 2-

Investors & 

Landlord 

(in commercial 

offices, within 

London) 

Return on investment Investment in technology and refurbishing 

Benchmarking sustainable credentials and 

performance of real-estate 

Incorporating a sustainable investment 

framework as part of the due-diligence 

process 

Sharing the burden of refurbishment costs, 

through a green lease 

Tax system linked to CO2 consumption 

Connectivity Need to invest in high speed broadband and 

clients’ data storage. Lateral uniform 

citywide approach to broadband 

Occupier/user demand           Provide a market place with sufficient 

supply of energy efficient buildings 

Invest in technology and refurbishing 

existing portfolio above basic standard 

Risks- brown discount, 

depreciation, tenant 

retention, fear of litigation 

(lease non-compliance) 

vacancy and adaptability 

to climate change 

Review existing portfolio and set-aside 

funds for upgrade works 

Due-diligence assessment 

Legislation compliance Gradually tightened to reduce todays CO2 

emissions 

Use of technology to demonstrate 

legislative compliance  

Changing in legislation Education professionals, un-skilled and 

skilled workers, end users 
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Stakeholder Driving Forces Specific Actions or policy adaptation needed 

Group 3-

Contractors/  

Organisations 

Encouraging members to use BIM software 

to link efficient design to the management 

of buildings 

Incorporating a ‘sustainable statement’ as 

part of the procurement process 

Research and development Sustainable materials and building in-use 

operational performance assessments 

Group 4-   

Energy 

Agencies/   

Providers 

Energy security at a 

national level 

Carbon management schemes 

Energy companies work together to 

harmonise standards 

De-carbonation initiatives in consultation 

with government bodies 

Competition within the 

market place 

Unique Selling Point (USP) of sell energy 

efficiency not energy usage 

Providers’ corporate image Support decarbonising initiatives  

Consumer retention Providing support to inform 

occupiers/owners on their energy 

consumption 

Identifying efficiency energy saving 

initiatives potential 

Group 5-

Occupiers 

Occupier wellbeing Minimum wellbeing & fit out standards 

Cost reduction Obtaining data on buildings’ performance 

from landlords 

Measure energy use 

Energy security Engaging with landlord on 

upgrading/refurbish existing space 

Reducing the impact 

buildings have on their 

environment 

Investing in renewables and CO2 reduction 

technology  

Responds to government consultation 

Split incentive issues Green lease 

Group 6-Other 

(collaboration) 

Energy security & Carbon 

efficiency  

Carbon tax linked to consumption 

Investing in onsite renewables feed-in 

tariffs (wind, geothermal, PV) 
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Stakeholder Driving Forces Specific Actions or policy adaptation needed 

Reducing tax for costs associated with 

refurbishment works 

Education on building performance 

Return on investment by demonstrating a 

green value 

Quantify and inform investors for asset 

appreciation, with respect to occupier 

health and wellbeing, increased 

productivity as well as quantifying energy 

and carbon savings. 

 

The working group’s initial discussion was on identifying the most relevant organisational or 

stakeholder forces they felt could drive change with respect to increasing energy efficiency in 

the existing building stock. This stage (stage 3), of identifying drivers, differs to the earlier 

stage (stage 2), in that there was no requirement to rank individual drivers, as prioritising forms 

part of the later impact/uncertainty matrix analysis.  

 

Table 5.2 is a summary of the A1 flip charts, presented by participants, at the end of stage 3, 

as an output from the group discourse. A broad consensus emerged within the group that a 

comprehensive approach was needed to create high level engagement among stakeholders, 

where all stakeholders need to work together under a uniform framework that benefits society, 

from building user level, engagement on key decision makers, to international umbrella 

organisations. The Architect identified ‘a uniform approach was needed on better benchmarks 

at design, refurbishment and in-use stages’, to help improve accountability and strengthen 

confidence in investing in energy upgrading the existing building stock. This uniformity 

approach was identified in the areas of education, financing, regulation, and the removal of 

existing barriers that have resulted in a high consuming building stock. The group identified 

that no individual stakeholder took responsibility for driving the energy efficiency agenda, 

when it comes to the existing building stock, to date. This was seen as an existing barrier.  

 

Group discourse took place on the roles and responsibilities of each stakeholder, with all 

participants agreeing that the government should play a leading role. The group consensus was 

that the government should encourage and direct change, incentivising both investors and 
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landlords to upgrade their existing building stock. Table 5.2 summarises the organisational 

driving forces and specific actions the working group felt each stakeholder should take. The 

group identified that a successful output could only be achieved if all the stakeholders worked 

together under an umbrella framework, in which the government lead the way on driving 

change. The specific actions identified were in the following areas: upskilling, raising 

awareness of the benefits of sustainable energy efficient buildings, clear targets within a 

refurbishment scheme, sharing of quality data and information and having a tax system linked 

to carbon usage.  

 

5.2.3.1 Stakeholder Group 1 - Government 

 

Government, at both national level and local authority levels, was identified as being a key 

stakeholder, with responsibility for driving change. The group identified the implementation 

of international agreements, competition from international investors for funds, energy costs & 

security, alongside market failures as the main driving forces that resulted in the need for 

government intervention in the first instance. The government has taken action through the 

implementation of EU directives (EPBD) through national and regional legislation alongside 

several carbon saving initiatives to date (see section 2.6). However, the group felt that the 

success of any refurbishment project would depend on the gradual tightening of such legislation 

towards near zero carbon standards if they were to reach their 2050 carbon reduction targets. 

Such intervention would consist of continuing with a minimum energy efficiency standard 

however, have MEES linked to a performance-in-use (such as DEC labels), rather than design 

intent (EPC labels). Other interventions recommended include the introduction of an education 

and upskilling programme increasing awareness of energy use. In addition, the introduction of 

a reduced VAT system for occupiers/landlords who invest in deep retrofits. Other actions 

included linking CO2 usage to tax system, the introduction of green finance mechanism, 

encouraging onsite renewables and CO2 storage, alongside decarbonising the grid. The 

Architect identified that it was ‘inconceivable for all these measures to be implemented 

simultaneously’.  However, the Chartered Surveyor identified ‘the time horizon (33 years) was 

sufficient for the government to play its part in ensuring that London’s commercial building 

stock will have net zero carbon emissions, by the year 2050’.  Initiatives such as minimum 

energy labels and encouragement to invest in onsite renewables are already in the process of 

being developed or implemented, the cost of which are expected to be borne by owner/occupier 
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(subject to lease agreements). However, the working group felt the existing pace of its 

introduction were ‘insufficient to meet market expectations, carbon targets mitigating climate 

change, or to future proof the commercial offices industry’.   

 

The group identified the need to move from the ‘old way’ of doing refurbishments to embrace 

change. UK Green Building Council Representative identified the requirement for a ‘bottom 

up approach, with better promotion of deep retrofits, identifying the co-benefits of investing in 

energy upgrade works’. Moving away from one size fits all approach such as focusing on trying 

to achieve ‘the best possible EPC label’, to focus on ‘the output of assessing energy efficiency’. 

This was also reflected in the literature (see sections 2.12 to 2.13), which identified shortfalls 

on assessing output of investment, relying on eco-labels alone (Newsham, et al., 2009; 

Reichardt, 2014). The working group advocated for the ‘gathering of additional energy data 

prior to issuing an energy label with respect to existing buildings, with the requirement to have 

performance-in-use, form part of an energy efficiency label assessment’. Performance-in-use 

assessment was also recommended by the Engineer in which he identified that ‘well building 

certification’ also takes building user satisfaction into account, which forms part of the 

certification process. However, the Chartered Surveyor identified concerns with respect to the 

two aforementioned proposals, in that ‘they would result in a delay in marketing properties for 

sale or rent after the completion of refurbishment works’. Participants generally agreed on 

continuing along the lines of an initial EPC label to market the premises, followed up with the 

introduction of legislation requiring a DEC style certificate, to be issued within a 2-year period, 

upon works completion and tenant occupation. This change in approach involves placing a 

greater emphasis upon the buildings’ DEC label, when it comes to assessing minimum energy 

efficiency standards (MEES) into the future.       

 

According to the majority of participants, financial mechanisms (such as tax incentives and 

funding mechanism) going beyond existing, are now required to improve investor engagement 

as part of a refurbishment project. The Engineer recommended the ‘introduction of additional 

tax credits for organisations implementing energy efficient measures or refurbishment, to 

improve investor engagement in refurbishing the existing building stock’. He also 

recommended the expansion of existing schemes such as the ‘Enhanced Capital Allowance 

Scheme (ECAS), to include not only energy saving equipment, but additional items such as 

costs associated with upgrading building fabric, professional fees, and upgrade costs that can 
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be quantified when it comes to energy savings, carried out by an approved contractor’. In 

addition, the removal of limitations such as ‘time restriction’ and ‘that only new organisations 

can apply’ to have 100% of the costs associated with new plant or machinery, set against their 

taxable profits under the current ECAS. In addition to tax incentives when it comes to the 

refurbishment works, the group also recommended the introduction of green financing or low 

interest loans, to carry out the energy upgrade works in the first instance. The UK Green 

Building Council Representative recommended that ‘financial institutions, supported by 

government backing, should be encouraged to provide low interest funding to organisations 

that are prepared to invest in energy upgrades of their existing portfolio’, mitigating future 

risks such as performance risks, design risks, equipment risks, climate change, energy price 

risks, brown discount, building obsolescence, and future legislative risks. The UK Green 

Building Council Representative identified that ‘this would involve financial instructions 

assessing the additional aforementioned risks (mitigate future risk) when it comes to occupying 

high energy consuming buildings’. In doing so, energy efficient buildings would have much 

lower risks and increase asset value, in areas such as occupier benefits, increased productivity, 

and health and well-being as mechanisms for obtaining low interest funding. In addition to 

green finance and reduction tax for energy upgrade works, the group identified the possibility 

of having CO2 tax linked to consumption. The literature (section 2.6) identified the existence 

of a Climate Change Levy (CCL) but the Carbon Trust Representative identified that ‘not all 

building owners or occupiers were liable for this CCL, and that levels of tax were so 

insignificant to persuade occupiers to carry out any CO2 reduction upgrades’. The working 

group agreed that CCL or CO2 tax should remain and be increased significantly, in line with 

consumption, as an incentive for occupiers/landlords to carry out energy efficient upgrade 

works.        

 

Competition for international investment was identified as the second government driving force 

for investing in upgrading the existing building stock. The Chartered Surveyor identified that 

‘competition and funds moving towards the east’ as a key driver and that the UK had to compete 

by ‘providing the best in the market building stock’. The group identified upgrading existing 

building stock, demonstrating return on investment and providing certainty in the event of 

BREXIT as specific actions the government needs to take, to retain and attract international 

investment when it comes to the London commercial office market.  The UK Green Building 

Council Representative identified that an ‘opportunity existed to encourage international 
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investors to invest in upgrading London’s building stock’. This could only be achieved through 

stakeholder engagement on key decision (such as market led approaches, supported by 

government backing) that result in an environment improvement where it pays to invest in 

energy efficiency.  The group agreed with the requirement for greater cooperation and sharing 

of information in common interest areas such as research and development, which focused on 

optimum energy efficiency outcomes and the sharing of information and technical experience. 

This could be expanded upon through the identification of energy efficient opportunities where 

shared investment projects are carried out (through public & private partnership) reducing the 

burden of high initial investment cost. The Property Manager identified several market failures 

such as limited clarity on ‘return on investment’ and uncertainty on ‘future direction’. He 

identified that ‘it should pay to invest in energy efficiency measures’ alongside ‘uncertainties 

in the event of BREXIT’.  The group identified that these failures could be removed through the 

introduction of a policy framework that positively supports strong energy efficiency investment 

choices at important points along the investment cycle. Furthermore, it should provide 

clarification on regulatory, fiscal spending, and policy direction through the publication of 

plans on future policy directions. In doing so, it could provide certainty for businesses on post-

BREXIT energy and climate change policy, with respect to CO2 trading, EPBD, CCL, MEES, 

which were initially introduced under EU directives (see section 2.6). 

 

The working group identified energy costs and security as the third government driver of 

change. As discussed earlier, although the government has committed to cutting carbon 

emissions, policy has move towards lowering energy cost and increased energy security.  The 

working group identified funding shortfalls, divergent approaches to investing in renewables, 

and the lack of a framework agreement on how to make the UK self-sufficient, when it comes 

to energy security, to date. The group identified initiatives such as feed-in tariffs for on-site 

renewables, government support for CO2 storage and decarbonising the grid schemes, to be 

provided alongside an energy efficient upgrade project.  Several of these initiatives have 

already been alluded to under the London Environment Strategy and government policy on 

sustainable development. However, the strategy and policy documents generally fall short 

when it comes to providing specific details and actions with respect to implementation 

procedure and specific funds available. The working group identified the requirement for the 

Greater London Authority to expand upon the aforementioned strategy, explicitly outlining 
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available funds, timelines, enforcement procedures, tariffs, and support infrastructure, in 

sufficient detail, and thus providing certainty on future energy security policy.    

 

Section 2.8 identified literature on market failures and barriers to energy efficiency that have 

resulted in a high consuming building stock, to date.  The working group identify the removal 

of such barriers as the fourth driving force of change, and as a need for government intervention 

in the first instance. The working group reaffirmed their earlier suggestion of the need to 

educate stakeholders on the benefits of investing and occupying energy efficient buildings (see 

section 5.3). Education was also identified as a requirement to upskill professionals on how to 

optimise energy efficient upgrades and the management of buildings. The UK Green Building 

Council Representative identified ‘the need to tackle energy inefficiency as an infrastructure 

priority’ and identified that ‘the existing building stock had the greatest cost-efficient potential 

to reduce CO2 emissions’. This was reflected within the literature (Holmes, et al., 2012), where 

it identified energy efficiency could pay for itself within the lifetime of a single parliament, in 

the form of increased tax returns to government alongside reduced fuel import bills. This UK 

analysis also identified that investment in energy efficiency delivers returns and value for 

money to investors, occupiers, and society in general.  

 

The Chartered Surveyor reflected on the earlier discussion that ‘split incentive’ as an existing 

barrier needed to be removed through the introduction of green leases. He identified ‘that green 

leases are becoming common in the UK’s retail sector, with Marks & Spencer having over 70 

stores on green leases to date’. The working group identified that green leases have been in 

existence for over 30 years and were not necessarily a new phenomenon. However, difficulties 

remain when it comes to incentivising or convincing both parties (landlord/tenant) to sign up 

to a green lease. The group recommended that future policy change should assess the possibility 

of making green leases compulsory or incorporate green leases as a condition of funding when 

it comes to energy efficient refurbishment. The group also recommended that green leases 

should be mandatory for all new government leases (similar to the Australian system). The 

Chartered Surveyor identified that ‘it was not necessarily to produce new leases in the case of 

existing buildings’. However, ‘existing leases could be amended to incorporate additional 

green clauses such as the requirement for a building management committee to be set up, the 

preparation of an energy management plans, and a memorandum of understanding on energy 

efficiency and management within building’. The introduction of green leases provides a 
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collaborative process between both landlord and tenants, which identifies each party’s 

obligation with respect to costs/benefits of energy efficient measures, and which includes 

refurbishment and energy efficient management of buildings.  

 

5.2.3.2 Stakeholder Group 2-Investors & Landlords 

                                                                                                                                                                   

The working group identified return on investment, connectivity, both occupiers and users’ 

demands, risk reduction, and legislation compliance as the main investor & landlord driving 

forces encouraging investors to undergo energy upgrades and refurbishment of their existing 

buildings. The working group identified that the expected payback or return on investment in 

energy efficiency works is often dependent on the type of investor and scale of works. The 

Architect identified ‘acceptable timeframe’ in return on investment often varies when it comes 

to weighting project energy savings against upfront costs. He identified that ‘long payback 

periods make economic sense when it comes to government investors or large blue-chip 

organisations, however, small organisations with short-term lease agreements generally aim 

for payback on investment within 12 to 18 months’. He also identified that return on investment 

varies depending on project or the extent of works: ‘In the case of replacing outdated and 

inefficient light bulbs acceptable payback are generally within a 2-year period, whereas 

investment in infrastructure and environment technology generally has a payback of 10-30 

years’. The carbon trust representative identified that ‘currently energy efficient investments 

are limited to ad-hoc building service upgrades’. This was also reflected in the literature, which 

identified a 15-20 year life expectancy when it comes to the typical economic life of most 

building services within commercial office buildings (Carbon Trust, 2009), affirming that most 

energy efficient investment is limited to upgrading buildings services. The Carbon Trust 

Representative identified that ‘ad-hock building service upgrades have limited cost saving 

outputs, when compared to deep retrofit projects’. The working group identified the need to 

move away from ad-hock building services upgrades, to now focusing on deep retrofits when 

it comes to energy efficient improvements within the existing building stock. This requires 

additional investment, upskill professionals, alongside quantifying monetary and lifecycle 

paybacks through benchmarking investment, against energy efficient outputs, when it comes 

to return on investment assessments. This change in mind-set is required to move away, from 

ad-hoc building service improvements, towards large scale whole building upgrades. This 

includes, not only efficient building service improvements, but also building fabric upgrades, 
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alongside hard and soft technology based innovations, when it comes to specifying, designing, 

and managing energy efficiency refurbishments. The Engineer emphasised the importance of 

‘not limiting return on investment to monetary values’ in reaffirming his earlier suggestions 

that IWBI certificates should be used to incorporate occupier evaluation as part of return on 

investment assessments and due-diligence process. Assessing feedback on occupiers’ 

satisfaction, alongside other instruments that assess the influence that buildings have on 

productivity, absence, recruitment, and retention of staff and sick building system (SBS). The 

working group agreed that additional research and feedback on investment should form part of 

any future framework agreement as specific action required to be taken to drive change. These 

specific actions are discussed further in chapter 7, under the heading ‘Information and 

Advocacy’. Initiatives such as shared investment projects where the burden of high initial 

capital costs is reduced (public & private partnership), CO2 tax credits for energy upgrades, 

CO2 tax linked to consumption, signing party’s up to a green lease where cost/benefits of 

investing in energy efficiency are shared.  

 

Connectivity, previously identified under both social and technological drivers of change, was 

also identified as investor & landlord drivers for investing in energy efficiency upgrade works. 

The Chartered Surveyor’s previous discourse on the importance of internet connection for 

occupiers and the challenges imposed by the sheer volume of businesses concentrating in key 

areas placing pressure on infrastructure was expanded upon. The Chartered Surveyor identified 

that ‘additional occupier energy consumption associated with staying connected (pc, internet, 

personal smart devices, phone chargers) was rarely considered during the building design’. 

This phenomenon was also discussed under the heading ‘performance gap’ within the literature 

(see section 2.13). The working group identified ‘occupier requirements and continued 

investment in technology’ as key to retaining tenants. Which now places an onus on investors 

and landlords to invest in both energy efficiency, broadband and data storage to both attract 

and retain blue chip occupiers. The working group viewed the continued investment in 

technology as a necessity, to ensure buildings are risk adverse when it comes to future 

uncertainties such as climate change.   

 

Occupier or building end user demands were identified as a third investor and landlord driving 

force, while the provision of a sufficient supply when it comes to the demand for energy 

efficient buildings was identified as a specific action to be taken. Occupier requirements have 
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been discussed earlier under both social and technological drivers and future challenges. The 

working group expanded upon earlier discussions investigating occupier demands, driving 

investors and landlords to invest in and provide a sufficient supply of energy efficient buildings.  

The Chartered Surveyor identified ‘that there was a limited supply of high energy efficient 

buildings, within the London area when compared to expected demand’. This was also reflected 

in literature that identified that, while occupants may desire sustainable buildings, there is a 

possibility that this may be a function of the supply which is highly regulated in the UK. Daniels 

and Holly (1983) and Gibson (2003) also found that limited availability of sustainable buildings 

within the market often resulted in occupants compromising on their space requirement. This 

was also reflected later when it came to assessing the energy label range of London’s 

commercial office stock, which identified that the majority of EPC energy labels are within the 

high energy consumption D category. The working group identified limited supply of energy 

efficient buildings within London as one of the main reasons for investors and landlords to 

upgrade the existing building stock. However, the group identified the requirement for 

government supports in the form of the aforementioned tax credits and CO2 tax linked to 

consumption, alongside green financial initiatives to assist investors and landlords with the 

high initial capital costs for investing in deep-refurbishment projects.  

 

Risks of future uncertainty with respect to climate change, was identified as the fourth investor 

and landlord driver of change, whereas assessing performance-in-use (or energy efficiency of 

buildings), as part of the due-diligence process, was identified as specific actions investors can 

take to mitigate against such risks. Setting aside funds to carry out deep-energy retrofits was 

also identified as specific action to mitigate against such risks, when it comes to assessing 

investors’ real estate portfolio. The Chartered Surveyor identified ‘risks of not investing in 

energy efficient upgrades, may result in investor future liability with respect to brown discount, 

depreciation, tenant retention, fear of litigation (lease non-compliance) vacancy and inability 

to adapt to climate change’. He identified several actions to attract risk adverse investment 

such as warehousing, securitisation, on-bill financing, financing linked through tax payments, 

loan loss reserve funds, alongside government backing guarantee schemes. He identified that 

‘a fundamental change was now needed by insurance companies, lending institutions, banks 

and financial institutions with respect to how they assess insurance liabilities and interest rate 

when it comes to green financing’. He also made the argument that ‘low energy consuming 

buildings should obtain lower interest rates and insurance premiums due to their lower 
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mitigating liability, when compared to high energy consuming buildings’. The group agreed 

that such a fundamental change would encourage investors and landlords to invest in deep-

retrofit projects, as a means of obtaining return on investment.   

 

Legislative or regulation compliance was identified as an investor and landlord driver of 

change, with the use of technology identified as specific action stakeholders can avail of, 

demonstrating compliance. The group later recommended the gradual tightening of legislation  

as a means of reducing CO2 emissions into the future. The Engineer identified the benefits of 

energy modelling software (such as iSBEM and Integrated Environment Solutions (IES)) in its 

‘ability to demonstrate design compliance with building regulation prior to works taking 

place’. He also identified the ‘benefits of smart building technology during the operating of 

buildings in inform users on buildings’ performance’. The group identified that smart 

technology could be used to first identify a performance gap, and secondly could be used to 

reduce this gap, through the monitoring of in-use, operations. While additional capital was 

needed to invest in modelling software, environmental technology, and operating systems, the 

working group identified the benefits with respect to ‘return on investment’ technology would 

bring to both investors and occupiers, when it comes to identifying and optimising occupier 

comfort, health and wellbeing, alongside providing research into how to reduce performance 

gaps.   

 

The working group identify concerns with respect to the ability of deep-refurbishments to 

demonstrate short term return on investment alongside the ability to raise funds as a potential 

barrier to investor and landlords’ buy-in. Literature identifies several global international funds 

in existence that are linked to benchmarking sustainable credentials and performance of real-

estate. Mechanisms such as incorporating a sustainable investment framework as part of the 

due-diligence process prior to purchasing buildings and sharing the burden of refurbishment 

costs, through a green lease arrangement with occupiers were suggested as part of the earlier 

discourse on government required action.  The possibility of a tax system linked to CO2 

consumption was also suggested by the Chartered Surveyor as a mechanism of encouraging 

investment in a refurbishment project in the first instance. This would require buy-in from other 

stakeholders such as governments and energy companies to come up with an equitable and 

efficient carbon tax system in line with consumption, not in existence under the current ‘climate 

change levy 2015’.  
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5.2.3.3 Stakeholder Group 3-Contractors/Organisations 

 

The working group identified both ‘changes in legislation’ and the requirement for ‘research 

and development’ as the main driving forces for organisations/contractors to invest in or 

promote refurbishing existing building. Initiatives such as education and upskilling 

professionals in the form of compulsory CPD hours, in the area of energy efficient design and 

management, alongside ‘upskilling of workers, end users, and encouraging professionals to 

use BIM software to link efficient design to the management of buildings’, were identified by 

the working group as specific actions required to be taken by contractors and organisations. 

The Architect identified ‘initiatives such as incorporating a sustainable statement as part of 

the procurement process, where developers outline methods of sustainable construction, carry 

out feasibility studies that assess the energy efficiency output, alongside identifying timelines 

on return on investment’ as possible mechanisms of encouraging contractors/organisations to 

invest in energy upgrades. He identified existing mandatory training programmes such as the 

PAS 51215 and ISO 50001 with respect to energy management training and certification. The 

Property Manager identified organisations (suppliers, RIAI, RICS, CIOB, CIC) could ‘provide 

funds or sponsor research and development in the area of sustainable materials and building 

in-use operational performance assessments’, as potential actions to inform stakeholders, on 

the benefits of investing in refurbishing their building stock, in the first instance’. The working 

group recognised that this would require additional buy-in, in the form of funding from a 

variety of organisations. However, he recommended that an information hub (web based) be 

set up to enable all parties to share information when it comes to improving the energy 

efficiency of the existing building stock.    

 

5.2.3.4 Stakeholder Group 4-Energy Agencies/Providers 

 

The working group highlighted the drive towards energy security, competition within the 

market place, providers’ corporate image, and consumer retention as energy agencies/providers 

driving forces for investing in energy efficiency. The literature review (chapter 2) identified 

that under the current green deal, energy companies are obliged to work with vulnerable and 

hard to treat buildings and provide financial help with energy efficient measures. However, this 

requirement ran out at the end of 2017. Providing support to inform occupiers/owners on their 

energy consumption, identifying efficiency measures, alongside carbon management schemes, 
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were identified by the working group as specific actions needed to be taken by energy 

companies as part of any future refurbishments. Furthermore, the working group identified that 

‘energy companies should work together to harmonise standards, sell energy efficiency not 

energy usage, as well as setting out a plan for de-carbonation initiatives in consultation with 

government bodies’. The obligations outlined within the Green Deal are due to run out by the 

end of 2017 and, as of yet, there are no mechanisms for its replacement. The working group 

identified that such mechanisms should be retained and both stakeholders (government & 

energy companies) should work together to collaborate on how to tackle decarbonising the 

existing building stock.   

 

The Property Manager identified that ‘Energy Service Company’s (ESCO) are becoming more 

prevalent within the commercial office sector working with both landlords and occupiers 

providing a broad range of energy efficient solutions where the high upfront costs can be 

reduced through a range of innovative financing methods’. He identified shortfalls exist in that 

it requires both parties to agree to sign up to such a voluntary agreement and both fees and 

financial methods vary from ESCO companies. The working group identified several 

occupier/landlord benefits of engaging with ESCO companies as part of energy efficient 

refurbishment project, in that it reduces the initial capital costs required, where energy savings 

often result in capital investment payback over a five to twenty-year period. Furthermore, 

ESCO are often responsible for shortfalls in the event of a project not providing return on 

investment. The group identified this would require a ‘new’ approach to how energy efficient 

refurbishments are carried out, taking responsibility away from landlord/occupiers and placing 

it in a third party. In doing so, the group felt this enabled the ESCO company to focus on energy 

efficient measures. The group identified government support was required to provide both 

funding and identify mechanisms that require parties to sign up to such agreements, with 

additional upskilling initiatives required in the design and implementation of energy saving 

techniques. Additional buy-in was required from a variety of stakeholders when it comes to 

incentivising retrofitting, energy infrastructure upgrades and energy conservation when it 

comes to risk mitigating the existing building stock against uncertainties associated with future 

climate change. These group recommendations are expanded upon further in chapter 7, where 

specific tasks are allocated to different stakeholders.  
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5.2.3.5 Stakeholder Group 5-Occupiers 

 

User wellbeing, cost reduction, energy security, and reducing the impact buildings have on 

their environment, were identified by the working group as the main driving forces of change, 

directing occupiers towards investing and occupying sustainable buildings. Obtaining data on 

buildings’ performance from landlords, engaging with landlord on upgrading/refurbish existing 

space, and investing in renewables and CO2 reduction technology were identified as specific 

actions needed to be taken by occupiers. Acquisition conditions, such as a requirement that 

landlords inform occupiers on energy usage, have minimum wellbeing and fit out standards, 

alongside restrictions within the lease agreement were also identified as initiatives that may 

lead to the upgrading of existing buildings. Existing barriers were also discussed and the 

Chartered Surveyor identified that ‘energy is often provided at a fixed cost to small occupiers, 

which results in little incentive for landlords to invest in efficiency measures, as the main 

benefits would be lowering occupier running costs’. He also identified that ‘many occupiers 

do not own the buildings they work in, giving them little incentive to spend capital on deep-

retrofits, for a limited lease term’.  This was also reflected in the literature (section 2.8) that 

identified that little incentives exist under current UK lease agreements to promote energy 

efficiency. In many cases, occupiers of rented space who install energy-efficient technologies 

or carry out refurbishment works are, not only required to pay the capital cost of these 

improvements, but also face dilapidation penalties in their lease if they do not reinstate the 

building at the end of the lease. This so called ‘split incentive’ was also discussed earlier under 

specific action required by the government and investors, in which the group recommended the 

introduction of green leases as a specific action required. The group identified the benefits 

green leases bring and recommended that the split incentive barrier could be addressed through 

a package of solutions. These included mandatory energy labels linked to both performance-

in-use and later MEES, facilitated Energy Service Companies activities (ESCO), on-bill 

financing, informing and communication to landlord/occupier of the benefits in signing up to 

a green lease. The Chartered Surveyor identified ‘that green leases provide the ideal solution 

in the event of blue chip organisations occupying a whole building. However, difficulties arise 

in signing up all parties in the event of small organisations, occupying multi let buildings, 

which was subject to landlords taking a leading role’. He identified that ‘landlords may view 

green leases as a long term inflexible agreement, where they are obliged to provide a financial 

contribute to’ and ‘energy efficiency is not always viewed as a priority’ as the main contributors 
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to low take up of green leases, to date. The working group agreed not to limit any split incentive 

solution to green leases alone and state that the resolution should evolve out of a variety of 

aforementioned measures, as long as they have multi stakeholder backing. These measures are 

combined and assessed in chapter 7 in developing a framework on how to reduce the energy 

demand of the existing building stock.  

 

5.2.3.6 Stakeholder Group 6-Other (collaboration) 

 

The group identified that, due to the diversity in barriers and failure to drive change, one 

solution in isolation will not work. The working group agreed that a comprehensive approach 

was now needed where stakeholders are required to work together under a uniform framework 

to drive change towards a sustainable, energy efficient building stock. The UK Green Building 

Council Representative identified ‘the importance of removing both existing market failures 

and barriers in driving change’. He summarised several of the aforementioned shortfalls as a 

hesitation to quantify costs and benefits of investing in energy efficiency (namely; distortional 

fiscal and regulation with respect to energy efficiency, split incentives, and inaccurate 

information or knowledge gap when it comes to identifying building performance-in-use) as 

market failures. Furthermore, ‘access to finance, low priority for energy efficiency and inability 

to obtain a short-term return on investment’ were identified as market barriers. The working 

group identified that these barriers and failures could be removed through the creation of a 

market place where it pays to invest in energy efficient, low carbon, sustainable buildings. This 

could be achieved through progressive reform in the tax system, with tax linked to CO2 

consumption, resulting in an increase in value for low carbon economy and self-funded 

refurbishment project. Initiatives such as investment in onsite renewables, feed-in tariffs (wind, 

geothermal, PV) and reducing tax for costs associated with refurbishment works (tax credits) 

were identified by the working group. This is where the benefits of retrofitting would be 

communicated through education on building performance, alongside having a return on 

investment, resulting in an increase in value for sustainable buildings. This would thus reduce 

the need for future government interventions. Minimum energy efficiency standards linked to 

performance-in-use, placing monetary values against asset appreciation such as occupier health 

and wellbeing, increased productivity, as well as quantifying energy and carbon savings, could 

also help the business case for a deep renovation project.  
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The group identified that the government should take a leading role in ensuring stakeholders 

work together through providing direction when it comes to identifying the level of CO2 

emission reductions required from the existing building stock. The group identified that this 

needs to be directed into relevant energy efficient policy and legislation, where existing 

buildings’ energy performance are, firstly, identified and, secondly, gradually reduced. Energy 

labelling and gradual tightening of building regulations, alongside introducing MEES, were 

identified as potential future measures. The working group summarised that this new uniform 

framework was targeted towards existing market barriers, emphasising the importance that 

existing building stock plays in providing one of the most cost-efficient measures to support 

the transaction towards a low carbon economy.   

 

5.2.3.7 Summary of the Drivers and Specific Actions Needed 

 

Figure 5.3 summarises the main working group’s stakeholder drivers of change and specific 

action required to direct change towards an energy efficient building stock. To achieve an 80% 

carbon reduction by 2050, the working group identified that buildings have to play their share 

through creating a built environment, where it pays to invest in energy efficiency. For this 

transformation to become a reality, the working group recommended the development of a 

strategy (conceptual framework, conceptualised in chapter 7) that exploits the full potential 

that exists within the existing building stock (simulated energy demand/CO2 modelling 

developed in chapter 6), which is needed to develop a pathway towards achieving a low carbon 

future.     
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Figure 5.3 Summary of ‘Stakeholder Drivers and Specific Action Required' 

 

Figure 5.3 summarises the stakeholder drivers and specific action required to direct change 

towards an energy efficient stock. Current topics of discussion include the need to provide 

certainty as a result of BREXIT, connectivity and the need to upgrade broadband for companies 

to remain connected, as well as concerns over the high impact energy consumption buildings 

have on their environment. In addition, the move towards tackling energy efficiency as a 

priority, due-diligence assessments taking buildings’ energy efficiency into account, CO2 tax 

credits linked to energy upgrade and refurbishment works, were identified as specific 

stakeholders’ actions needed to be addressed. The working group also spent additional time 

discussing market failures such as ‘split incentives’ and identified that ‘most stakeholders see 

energy efficiency as having a low priority when it comes to total operating costs’. There was 

considerable agreement on all of the drivers of change towards an energy efficient building 

stock, which included the need for, energy security, reducing international fines in the event of 

not meeting CO2 reduction targets, occupier demands, and retention of direct foreign 

investment. Whereas tightening legislation, identifying return on investment initiatives, tax 

linked to CO2 consumption, upskilling & education, green funding, recognising the importance 
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of performance-in-use, and green leases were all identified as specific actions to be taken by 

stakeholders.  

 

While foreign direct investment was identified as a key driver, the working group viewed 

BREXIT as the perfect opportunity for major investment in the existing building stock. The 

current economic uncertainty and the potential slowdown of investment within the medium 

term provides an investment opportunity to stimulate the economy and compete for foreign 

direct investment by providing the best in market, building stock. The Chartered Surveyor 

identified that ‘government borrowing costs are at a historical low and existing legislation can 

be tightened as mechanisms of self-funding’.  The research group also cross referenced similar 

US and German 2008 initiatives of $787 and €2.6 million, economic stimulus, funding energy 

efficiency programmes that resulted in job creation and economic growth. It was clear that the 

working group viewed the short to medium term economic uncertainties imposed by BREXIT 

as an opportunity to realign the existing building stock towards a near zero energy future, 

ensuring London remains competitive in the face of future economic headwinds.    

 

5.2.3.8 Prioritising Organisational/Stakeholder Forces  

 

Upon completion of the group brainstorming exercise, 21 stakeholder drivers of change and 52 

specific actions to be taken by stakeholders to realise change were identified. As noted earlier, 

the participants summarised the list of stakeholders (Nodes), alongside subcategory of drivers 

of change (codes) of each. These were fragmented further into specific actions (codes) needed 

to be carried out by each stakeholder to realise change, on several A1 flip charts. The 

participants were not asked to rank the different items during the discussion stage and were 

advised instead that the SRI research methodology called for participants to use an 

impact/uncertainty matrix (after the list was agreed), to narrow down the list, allowing the 

scenarios to be realised (see section, 4.3.6, chapter 4). Maack (2001) identifies that complex 

analysis was not required when using this matrix. The group summarised the list on three A1 

flip charts (similar to Table 5.2), in which duplicate items were removed. Ranking of the 

different stakeholder actions (in comparison to one another) was based on two factors within 

the matrix. Firstly, the participants’ opinions on the ‘level of impact’ activity (stakeholder 

specific actions, and earlier STEEP drivers) have, with respect to each achieving a sustainable 

energy efficient future. Secondly, the degree of uncertainty that each activity has on achieving 
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a sustainable energy efficient future. The group positioned the different factors as either high, 

medium, or low, based on the working group consensus. The group came to a consensus 

through voting individually, where participants had the opportunity to view and reflect upon 

the specific actions from the A1 flip chart. Participants were given blank A3 templates (see 

Figure 4.6) to complete separately.  Once completed, participants presented their findings on 

an A1 flip chart to the group. The group then worked together and agreed on a final matrix, 

through collective discourse, presenting the findings on an A1 flip chart. Figure 5.4 is a 

summary of the final ranking exercise using the matrix that participants felt were the most 

important issues to be incorporated as part of the scenarios. The activities are ranked into two 

main categories: degree of uncertainty and level of impact, in accordance with the SRI 

framework methodology. 

 

 
Figure 5.4 Working Group-Impact/Uncertainty matrix categorising key factors and driving 

forces 
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The working group summarised several of the organisation/stakeholder forces and 

recommended actions to be taken by stakeholders that can influence change. Participants were 

advised (in accordance with the SRI framework) that they could reflect upon and include 

drivers identified earlier (Stage 2, STEEP analysis) as part of the ranking exercise. Figure 5.4 

identifies that the majority of items ranked on the higher ends were based upon stakeholder 

specific actions compiled during stage 3. Implementing initiatives that incentivises return on 

investment in energy efficiency, upgrading the existing building stock, identifying energy 

consumption and efficiency of existing buildings and the building stock, alongside assessing 

the impact of energy efficiency were identified by the working group as ‘critical planning 

issues’. These activities form part of the analysis in developing the stories behind each scenario. 

The future scenarios are assessed (simulated futures) to determine the impact these 

interventions/activities have on the energy demand of four alternative 2050 futures. Van der 

Heijden (2005) highlights the importance of developing these stories, where a chain of causes 

and effects are identified that led to the development of alternative futures. 

 

Holding people accountable, tightening national regulation/legislation, investing in upgrading 

existing buildings and adapting buildings to environment change were identified as ‘critical 

scenario drivers’. The group felt these items had a high level of impact and high degree of 

uncertainty when it came to encouraging investing in upgrading the existing building stock. 

The SRI research methodology use ‘critical scenario drivers’ to identify the x and y axis in the 

two axes diagram (see Figure 5.5). This is where participants (in stage 4) reflected upon and 

chose two drivers, one for the y and one for the x axis. The differing futures are then assessed 

(simulated) with respect to positive or negative adjustments to these activities (Planning 

issues/Scenario drivers). The analysis of the group discussion, with respect to the critical 

scenario drivers, are examined under stage 4, which lead to the development of the initial 

scenarios. 

 

Figure 5.4 identifies that the working group agreed on four critical planning issues and four 

critical scenario drivers, based on reflection and review of the earlier list of driving forces and 

specific actions required, to drive change. The group agreed on ‘upgrading the existing building 

stock as the most cost-efficient measure to support the transaction towards a low carbon 

economy’. When compared to alternative methods such as investing in offshore renewables, 

grid decarbonisation or carbon storage, they also ‘felt alternative options fell short when it 
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came to meeting social drivers of change’ (including occupier drivers). Earlier group discourse 

identified and summarised several drivers that are gradually steering the built environment 

towards energy efficiency. However, the UK Green Building Council and Carbon Trust 

representatives identified ‘that the existing pace of energy upgrading was insufficient to reach 

the anticipated 80%, CO2 reduction target, by 2050’. The group recommended a government 

backed refurbishment project should be carried out that steps up the rate at which organisations 

voluntarily choose to upgrade their existing building stock.  

 

The second critical planning issue identified by the working group was the implementation of 

initiatives that ensures ‘return on investment’ when it comes to energy efficiency. Table 5.2 

summarises several return on investment initiatives the group felt that stakeholders should take 

to encourage investors and landlords to invest in their property. The group felt government 

intervention was required to remove market failures while incentivising investors and landlords 

to invest in their portfolio. The Architect identified ‘that risk-return relationship formed the 

basis of any investment decision, in which there is little information on the return on investment 

in energy efficiency’. The group identified ‘unpriced cost and benefits of energy efficiency’ as 

a market failure that has resulted in low investment in upgrading the existing building stock. 

The working group identified ‘informing investors on not only the monetary returns, but also 

feedback on how investing in energy efficient upgrades can reduce future risks’ (brown 

discount, depreciation, tenant retention, fear of litigation vacancy and adaptability to climate 

change) as education initiatives to form part of future scenarios.   

  

The working group identified the ability to assess the impact of investing in energy efficiency 

as the third critical planning issue. There was considerable discourse with respect to drivers of 

change where occupier demands and benefits were discussed under both social and economic 

drivers and later landlord and investor drivers (see Tables 5.1 & 5.2). However, the group 

identified uncertainty with respect to quantifying the benefits of occupying sustainable energy 

efficient buildings as a ‘future challenge’ under economic drivers of change. This reflects 

literature, where researchers questioned some of the perceived benefits of occupying highly 

eco-labelled buildings. The working group identified a knowledge gap in the area of 

quantifying the benefits of occupying energy efficient buildings. The future scenario 

development provides an opportunity to assess the impact of MEES in different futures, from 

the perspective of negative or positive investment in energy efficiency into the future.  
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5.2.4 Stage 4-Developing the Research Scenarios 

 

As identified earlier, the group classified four items from a list of 21 drivers and 52 future 

actions, as having High Impact, High Uncertainty on the impact/uncertainty matrix. The SRI 

scenario development framework classifies these items as having ‘critical uncertainty’ when it 

comes to exploring possible futures. All four were assessed further, with the aim of selecting 

the two most appropriate uncertain items that best describe the range of uncertainties into the 

future, which have a high impact on change, to ensure that the four different scenarios are 

clearly differentiated. The group first discussed holding people accountable and tightening 

legislation as possible critical uncertain items. However, they concluded that neither would 

provide sufficient range of discourse when it came to assessing possible futures.  The group 

then reflected upon the scoping question ‘to develop a long-term strategy for encouraging 

investment in upgrading existing commercial office building’, where ‘investing’ in 

refurbishment was selected as the first determinant factor that influences the outcome of the 

different scenarios.  The group felt that outcomes would vary based on high or low levels of 

investment in making the existing building stock energy efficient into the future. The Architect, 

Chartered Surveyor, Engineer, Property Manager, and Carbon Trust representative voted and 

all agreed ‘that having futures linked to positive or negative investment, provided considerable 

opportunity to assess future uncertainty’. This also provided a framework for assessing the 

impact of change (with respect to investment), allowing for a diverse array of futures. The 

Architect and Engineer recommended ‘that the positive or negative ‘investment’ should be 

placed on the x-axis, as the independent variable (cause), where investment could be viewed 

as having an influence on a variety of futures’.   

 

The group identified ‘adaptation’ to environmental change, as the second determinant factor 

to form the y-axes as the dependent variable (effect), on a two axes diagram, which provides 

an opportunity to assess a variety of outcomes when it comes to the different scenarios. The 

participants recommended that adaptation to environment change was influenced by  high/low 

investment in energy efficiency & CO2 interventions, resulting in a high/low adaptation to 

climate change.  

 

Adaptation was identified initially under future environmental challenges and drivers of 

change. The working group identified climate change adaptability under all stakeholders’ 
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responsibility, where each party had to take specific action under their control to encourage 

investment in energy efficient, low CO2 upgrade, of the building stock. This seemed to reflect 

the group’s opinion that both mitigation and adaptation were necessary, as they felt that, even 

if carbon emissions were dramatically decreased within the time horizon, adaptation would still 

be needed to deal with the challenges that have already been set in motion.  

 

 

Figure 5.5 Working Group two axes diagram – identifying the development of Four Scenarios 

 

Figure 5.5 identifies and summarises the four different scenarios the group felt would evolve 

as a result of positive or negative investment in refurbishing the existing building stock, as well 

as the positive or negative consequences of the London commercial office market’s ability to 

adapt to climate change. The working group came up with distinctive, creative titles (as 

identified in Figure 5.5) for each of the four scenarios, alongside a brief summary explaining 

each title that sums up the elements of each future, as agreed during the working group. In the 

case of Green Growth, the ‘preferred future’ emerges, with high investment in refurbishing the 

existing building stock. In this future, there is also a positive consequence of energy efficient 

investment, where the building stock adapts to the impact of climate change. In the Green 

Growth scenario, the working group felt this would result in future proofing of the existing 

building stock, where sustainable buildings are viewed as low risk investments, containing 

productive, healthy employees.  
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In the case of the Status Quo scenario, the continued ad-hoc investment in energy efficiency 

and low carbon initiatives results in the gradual adaption of the built environment towards 

climate change. However, the pace of this change was insufficient to meet the EU low carbon 

economy roadmap goal of an 80% reduction in CO2 emissions from the existing building stock 

by 2050. Resulting in fines that may cost the UK up to £300m per annum under EU directives, 

over failure to meet air pollution targets (Independent, 2014). The working group felt that this 

future would result in low technology adaptations and non-uniform benchmark performance 

mechanisms, where tenants occupy odd-looking buildings and are prone to sick building 

syndrome. In this future, buildings are viewed as high risk investments where refurbishment 

and carbon reduction are dependent on individual organisations’ corporate governance 

policies. The Rigid Stagnant City scenario was identified as the ‘worst possible future’, where 

low investment in refurbishment results in the London commercial office market having a low 

ability to adapt to the impact of climate change. In this world, the working group felt that the 

building stock would be subject to regular flooding and seasonal changes, where offices 

become overheated. There is also a fear of litigation between occupiers and landlords, with 

respect to non-compliance obligations, with occupiers constantly moving, as they are unhappy 

with the space they occupy. In this world, international investment moves away from the 

London commercial real estate, as it is no longer seen as competitive, due to the high costs of 

occupying and operating buildings.   

 

In the case of the Green Wash scenario, a ‘plausible’ future emerges, where high investment in 

refurbishment and low carbon initiatives takes place. However, there is low adaptation to 

climate change, which emerges due to irreparable damage to the environment as a result of the 

greenhouse effect, or non-strategic investment. In this scenario, the working group felt a world 

would emerge where investors obtained little or no return from investing in refurbishment, and 

where real estate investment is not viewed as a long-term venture due to inconsistent operating, 

maintenance, and climate adaption costs. Investment tends to focus on design intent and 

obtaining the best possible so-called energy label issued during the design stage (or prior to 

tenant occupation), with little focus on the actual in-use energy/CO2 performance. 

Manufacturers of products, suppliers, and technology providers become the biggest 

beneficiaries from this high investment initiative. However, in reality, this investment simply 

results in a pleasant looking, inefficient real estate market, where occupiers, the public, and 

investors, view sustainability as a green wash issue.   
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5.2.4.1 Scenario Exploration 

 

Upon completion of the scenario narratives, the next stage was to explore each scenario further 

assessing the differing ‘critical planning issues’ identified by the working group during stage 

4. These tasks include an assessment of the energy upgrade of the existing building stock, 

alongside the implementation of initiatives that incentivise return on investment in energy 

efficiency. In doing so, the research methodology combines the use of future scenarios with 

industry experts, analysing alternative scenarios that incorporate a ‘backcasting’ research 

methodology in its later stages. This approach is considered particularly appropriate for the 

drawing up of long-term strategies within uncertain and highly unclear environments. The 

methodological framework approach has been used by both government and researchers in the 

past to develop policy in a variety of different areas. However, this is its first application to 

London’s commercial office real estate market. London’s specific quantitative data sets are 

used to further assess the scenarios to evaluate the potential impact revisions in policy may 

have on driving energy efficiency in the existing building stock, identified earlier as ‘critical 

planning’ issues. This includes the development of a CO2/ energy model to identify the energy 

consumption of London’s existing commercial office building stock in order to quantify the 

effort required to achieve 2050 carbon reduction targets. The impending chapter (chapter 6) 

expands upon the working group’s visions of alternative futures (status quo, rigid stagnant city, 

green wash and green growth scenarios) incorporating London specific data. This simulates the 

quantitative impact of the working group recommendations (i.e. adjustments to demolition & 

replacement rate, the tightening of building regs., MEES, on-site renewables), as opposed to 

the qualitative working group recommendations on future energy demands (raising awareness 

of energy efficiency, education initiatives, wellbeing assessment). In doing so, the research 

goes beyond producing simplified visions of a desired future and legitimises the working 

group’s recommendations based on up-to-date, London specific data that focuses on the steps 

and actions required to realise meaningful change. 

 

5.3  Chapter 5 Summary 

 

Chapter 5 presents the research findings and analysis from the exploratory working group 

(steps 1-4).  The working group utilised social-technical research methods developed by the 

Stanford Research Institute, to explore a variety of futures. The incorporation of this research 
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method ensured local expertise with an understanding of social challenges (such as drivers of 

change and future challenges for investing in energy efficient upgrade) were incorporated as 

part of the exploratory stage. The incorporation of analysis on social challenges as part of a 

research methodology provided insights into potential actions on how to remove barriers and 

failures that have resulted in a high energy consuming building stock. This exploratory 

approach validated the developed framework on how to encourage investment in the energy 

efficient upgrade of the existing building stock. 

 

The research findings in respect to the London based working group included the identification 

of London specific STEEP drivers of change alongside the identification of future challenges 

associated with investing and upgrading in the existing commercial office building stock. Table 

5.1 identified occupiers’ priorities, health and wellbeing, the ability to demonstrate return on 

investment as well environmental legislation as the key ‘drivers of change’. In the case of 

‘future challenges’ the ability of buildings to adapt to user requirements, green/refurbishment 

finance, the capability to demonstrate return on investment and the means to mitigate to future 

climate change, were all identified as key challenges. These drivers and challenges formed part 

of the analysis in developing the storylines behind how each future scenario evolve, as well as 

topics for discussion (in the working group) on possible solutions to realising a low carbon 

future.  

 

The working group identified and summarised stakeholder driving forces and specific actions 

to be taken to encourage investment in upgrading the existing building stock. The working 

group identified the Government, Investors and Landlords, Contractors/Organisations, Energy 

Agencies/Providers, Occupiers and Others as responsible for driving change towards a low 

carbon building stock. The identification of stakeholders, driving forces of change and specific 

action required, was important to determine strategies to use in driving a low carbon future. 

The working group identified that the government should take a leading role in ensuring 

stakeholders work together through providing direction on identifying the level of CO2 

emission reductions required from the existing building stock. The identification of key 

stakeholders during the exploratory working group recognised several interested parties whom 

can benefit from the working groups research findings.  
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The working group identified; the need for energy security, reducing international fines in the 

event of not meeting CO2 reduction targets, occupier demands and retention of direct foreign 

investment, the need for certainty as a result of BREXIT and connectivity, as specific 

‘stakeholder drivers of change’. Whereas tightening legislation, identifying return on 

investment initiatives, a revised tax system linked to CO2 consumption, upskilling and 

education, green funding, recognising the importance of performance-in-use and green leases 

were identified as ‘specific actions’ to be taken by stakeholders to direct change. The working 

group used an impact/uncertainty matrix to categorise the key factors and driving forces. The 

group identified ‘investing’ (x-axis) in the refurbishment of the existing building and ‘adaption’ 

(y-axis) to environmental change, as the two determinant factors on the two axes diagram. The 

group felt the exploration of these determinant factors would result in a variety of different 

energy demand futures to emerge in 2050. These futures would emerge as a result of positive 

or negative investment in refurbishing the existing building stock, as well as an assessment of 

the positive or negative consequences of the building stocks ability to adapt to climate change. 

Furthermore, the group identified an assessment of the energy upgrade of the existing building 

stock and the implementation of initiatives that incentivise return in energy efficiency as the 

two ‘critical planning issues’ to be explored in each scenario.  

 

Concerns regarding the generalisation of findings were addressed when comparing the results 

of the working group to the pilot study. Specifically, these were location, regulatory, site, 

physical, and legal factors which have an influence on the research findings when using the 

SRI framework. The two working group outputs broadly corresponded with each other on 

several categories, which, demonstrated the generalisation of findings. However, distinctions 

remained in respect to the identification of location specific drivers and future challenges as 

well as ranking in order of importance. An example includes an assessment of foreign direct 

investment. While both working groups identified foreign direct investment as a key driver, 

the pilot group identified upgrading the existing building stock as an opportunity to attract post-

BREXIT leavers to Dublin and compete against London for foreign direct investment. Whereas 

the later London working group identified BREXIT as the perfect opportunity for major 

investment in the existing building stock. 

 

Chapter 5 provided a summary of the exploratory working group that resulted in the 

development of four scenarios, representing four alternative futures of the built environment. 
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The primary purpose of this data gathering was to ensure the methodological soundness of the 

scenarios developed, all of which evolved in a logical and non-random way. The scenarios 

represented a variety of built environment futures, for energy use within the building stock. 

The next stage (chapter 6) explores each of these scenarios further assessing the different 

‘critical planning issues’. These tasks include an assessment of the energy upgrade of the 

existing building stock, and an analysis of the initiatives to be implemented that would 

incentivise investment return in energy efficiency. 
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Chapter 6 

Scenario Analysis and future CO2 model simulation 
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6.1  Introduction  

 

Chapter 5 developed four alternative futures, which the working group summarised as: Status 

Quo, Rigid Stagnant City, Greenwash, and Green Growth scenarios. This was achieved through 

the use of exploratory working groups, which led to the development of the four 

aforementioned scenarios, around which alternative futures of a built environment evolved. 

This chapter explores these alternative futures, assessing the feasibility of each scenario 

achieving the working group’s 80% carbon emission reduction target by 2050. In order to 

identify a framework that results in a low carbon future, this phase of the research describes 

the development and analysis of these alternative futures through the construction of a CO2 

emission model of London’s commercial office building stock. This model identifies the 

energy demand from the existing building stock for the base case year, 2015, which was then 

used to develop and evaluate the four illustrative scenarios, assessing alternative futures and 

their ability to achieve the targeted CO2 emission reductions. This chapter is divided into three 

different sections, as summarised in Figure 6.1, with the aim of exploring the four alternative 

futures and identifying a ‘desired future’ that achieves the London based working group CO2 

reduction targets.  

 

Figure 6.1 Structure of Chapter 6 
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Figure 6.1 provides a pictorial overview of the different sections that made up Chapter 6. 

Section 6.1 examines the development of the carbon model based on a variety of sourced data 

on London’s commercial office building stock to quantify the energy demand and carbon 

emissions for the base year, 2015. Once developed, the carbon model is then extrapolated (in 

Section 6.2) to the year 2050 for all four scenarios. This was carried out to study how future 

uncertainty in the output of the CO2 models can be apportioned to different sources of 

uncertainty (i.e. policy change), with respect to estimating future energy demands and carbon 

emissions. Chapter 6 concludes with a comparison of the differing models, outlining the CO2 

reduction potential in each future scenario, alongside identifying a desired future.  

 

6.2 Scenario Assumptions 

 

The assumptions adopted as part of the various illustrative scenarios have been developed using 

information from a variety of external data sources, linked to London’s commercial office 

building stock. Examples of the sources include: floor areas sourced from the Valuation Office 

Agency (VOA), and energy performance of buildings sourced from both the Department of 

Communication and Local Government (DCLG) and the Centre for Sustainable Energy (CSE). 

Comparison benchmarks from the Chartered Institution of Building Service Engineers 

(CIBSE) and comparison energy data from the Department for Business Energy and Industry 

Strategy (DBEIS) are also utilised.  

 

Table 6.1 Summary of Energy Demand Data Sources 

Info Sources Quantified 

based on 

Data Base Property 

Type 

Date of 

Sourced 

data 

Further Info 

Areas Meters squared 

(m2) 

Valuation Office 

Agency (VOA) 

London 

Commercial 

Offices 

2015 Time series 

statistics (updated 

annually) on areas 

liable for business 

rates 
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Info Sources Quantified 

based on 

Data Base Property 

Type 

Date of 

Sourced 

data 

Further Info 

Energy labels 

on existing 

building 

stock 

(building 

design intent) 

Carbon dioxide 

(CO2) based 

index providing 

energy rating 

from A-G 

(CO2kg/m2/yr) 

The Department 

of 

Communication 

and Local 

Government 

(DCLG) 

London 

Commercial 

Offices 

2015 Energy 

Performance 

Certificate (EPC) 

on 77,862 

commercial 

offices 

 

 

Energy Use 

Intensity 

(EUI) 

kWh/m2/year The Centre for 

Sustainable 

Energy (CSE) 

London 

Commercial 

Offices 

2015 Display Energy 

Certificates 

identifying actual 

energy use 

intensity, data on 

2,787 non-

domestic 

buildings 

narrowed down to 

291 London 

public commercial 

offices 

Comparison 

benchmarks 

on EUI 

kWh/m2/year Chartered 

Institution of 

Building Service 

Engineers 

(CIBSE) 

London 

Commercial 

Offices 

2015 Reference made 

to CIBSE (2008) 

energy 

benchmarks 

memorandum 46 

& CIBSE (2004) 

guide F energy 

efficiency in 

buildings 

Comparison 

benchmarks 

on EUI 

kWh/m2/year Department for 

Business Energy 

and Industry 

Strategy (DBEIS 

London 

Commercial 

Offices 

2015 Compared the 

calculated EUI to 

the total energy 

consumption for 

London’s local 

authorities 

 

Table 6.1 provides a summary of the data sets used to develop the energy demand, carbon 

emission model. The table outlines the information sourced, method of quantification, and data 

sources, alongside specific comments in relation to each source. The most up-to-date 

publications available from the Department of Communication and Local Government 

(DCLG) and the Centre for Sustainable Energy (CSE), as of August 2019 were for the year 
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2015. Furthermore, for consistency across the different sources, the data sets were derived from 

London’s commercial office building stock, for the base case year 2015.  

 

6.2.1 Estimating the Energy Demand for London’s Commercial Offices 

 

Energy demand was quantified based on the previous energy consumption of London’s 

commercial office building stock in the base year 2015. The formation of the carbon model 

required reliable data on the current energy consumption and carbon emissions of the existing 

building stock to determine how best to reduce these emissions. There are no publicly 

accessible data sets that explicitly quantify the EUI of all of London’s existing commercial 

office buildings. However, previous research (see Table 6.2) relied on identifying a sufficient 

number of observations (representing the building stock) based on building usage, which were 

then extrapolated to estimate the EUI of a building stock. Depending on the scale of application 

and segmentation parameters chosen, previous research used data sets from less than 50 and 

up to 8,000 buildings. Several different data sets (DCLG, DBEIS, and the GeoInformation 

Group) were reviewed to identify a representative sample of the EUI of London’s commercial 

office building stock. The Centre for Sustainable Energy (CSE), Display Energy Certificates 

(DEC) register, contained data on 2,787 London specific, public buildings, identifying actual 

energy use in kWh/m2/year, floor space per m2, building use, and postcode. The DEC register 

was chosen over alternative data sets, as it provided a more relevant dataset, presents the EUI 

of each energy range (DEC A-G energy labels), as well as the normalised ranges per 

kWh/m2/year (through combining heating, cooling and operating loads) for commercial offices 

within London. The EUI for each energy range was then applied to London’s commercial office 

floor areas (i.e. EUI for each energy range times the area (m2) of each office type, as 

summarised in Table 6.9).  The register identified actual metered energy use for 2,787 London 

specific properties. The register contained data on buildings address, post code, operational 

rating or actual energy consumption for the previous two years, energy rating label, floor area, 

alongside lodgement dates. However, the buildings’ primary use was not always clearly evident 

and, in some cases, the register label did not always match the actual DEC certificated when 

downloaded. This necessitated review and mapping of postcodes (www.postoffice.co.uk), 

alongside the downloading of individual DEC certificates, to enable the heating and electricity 

loads for each building to be properly recorded.  

http://www.postoffice.co.uk/
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Table 6.2 Previous research identifying Sample Size, when estimating energy demand of 

Regional Building Stocks 

Previous Research Buildings Used/%of data 

Mortimer et al., 1999 319 premises 

Brown et al., 2000 504 premises  

Jones, et al., 2000 147 office buildings from a 

sample size of 2,000 

Greenleaf et al., 2008 580 premises 

Dall et al., 2012 14% or 189 out of 1320 

Choudhary 2012 456 buildings 

Mata et al., 2014 1% of the data used 

Tuominen et al., 2014 22% or 8000 out of 36,000 

 

Obtaining a data set that is representative of London’s commercial office building stock is 

essential in developing and maintaining a robust analysis. Benchmarks that are representative 

of the population provide an opportunity to gauge a building’s energy performance (or CO2 

emission) in relation to its peer group. Inaccurate analysis may result in misrepresenting 

buildings in-use performance and in doing so recommendations may lead to taking ineffective 

actions to improve operational energy efficiency. The literature review identified (section 3.5) 

that top-down benchmarks in the UK have been predominantly derived based on statistical 

distributions. Due to difficulties in acquiring non-domestic, in-use performance data (with 

respect to the entire population), top-down benchmarks are generally derived by making 

inferences to the wider population from a smaller sample. Meaning the robustness of these data 

is heavily dependent on the various characteristics of the underlying sample. The research 

presented three methods to ensure the robustness of the data sets used, in quantifying the energy 

demand and carbon emissions of the existing building stock.   

 

Firstly, was an examination of the reliability of the data sample. The sample size on which 

inferences is made with respect to a parameter of a population (in-use energy performance) is 

bound to have an associated degree of uncertainty. Liddiard (2008) identified that it is often 

difficult to determine the reliability of energy benchmarks due to the general lack of 

transparency of its underlying data. However, in the research case, historical DEC data 

provides a reference to standards that have been used previously to ensure that the benchmarks 

reliably represent the patterns of energy use in the existing building stock. The sample size that 
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is most frequently quoted in previous studies, with respect to an appropriate threshold for 

determining the reliability of benchmarks, is 50. However, samples of 100 have also been 

quoted occasionally (Jones, et al., 2000: Bruhns, et al., 2011: CIBSE, 2012: Jones, 2014, also 

see alternative figures in Table 6.2). 

 

Secondly, the composition of buildings within the sample and their characteristics can also 

have an influence on the robustness of the benchmarks. Federspiel, et al. (2002) identify that 

the typical levels of performance portrayed by energy benchmarks are dependent on the energy 

efficiency levels of buildings in the underlying sample, which may or may not be representative 

of the stock. For example, in the case where data that may be biased towards inefficient 

buildings could lead to benchmarks that portray poor energy performance as being typical of 

the existing building stock. The different energy rating (i.e. for each of the A to G range) within 

the DEC data sets were compared to a larger population to determine if they are representative 

of the building stock.  

 

Thirdly, the sample being examined at the time of writing was up-to-date with the latest patterns 

of energy use of the stock. A recent a review of the CIBSE TM46 benchmarks, which underpin 

the DEC data sets, was completed by Bruhns et al. (2011). The analysis was based on actual 

energy consumption data (45,000 DECs of Non- domestic buildings), in which the findings 

were to a high level of statistical quality (based on in-use operational ratings, as opposed to 

design intent). Bruhns et al. (2011) identified that a positive result existed, in which 94% of the 

buildings (data set) were within one grade of their respective benchmark. The author concluded 

that the benchmarks used in CIBSE TM46 are indeed representative of the building stock and 

DEC’s are appropriate to represent the assessment of energy demand from the existing building 

stock.  

 

The case for quantifying energy demand based on building use and demand for activity related 

services, classifying buildings based on their function rather than characteristics, was made 

specifically for the non-domestic buildings (Prez-Lombard et al., 2008; Hawkins et al., 2012; 

Hong et al., 2013; Armitage et al., 2014). While the strengths and weaknesses of previous 

studies were discussed in chapter two, shortfalls did exist with respect to previous research 

trying to quantify national energy demand or multiple building type analysis, which lead to 

generalised conclusions. Such generalised outputs make it difficult for the government to map 
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industry specific futures, when it comes to strategic planning or to develop a conceptual 

framework on how to encourage energy efficiency. This current study thus aimed to develop a 

better understanding of the energy demand from London’s existing commercial office building 

stock as a means of establishing a framework on how to reduce future energy consumption. 

This research differs from previous research, going beyond generalised EUI output figures, 

focusing on London’s commercial office building stock instead and assessing the different 

range (A-G labels with respect to DEC labels) of performance-in-use energy consumption. 

Which was then extrapolated to London’s total office area (EUI for each energy range times 

the area (m2) of each office type), in estimating the energy demand (or EUI) of the existing 

building stock.  

 

6.2.1.1 Data Sourced in Estimating the Energy Demand for London’s Commercial Offices 

 

DEC’s became mandatory for public buildings over 1000m2 in 2008 and for buildings over 

250m2 from 2015, in which the certificate presents the actual metered energy use of buildings, 

normalised rating, allowing building performance to be compared against the rest of the stock. 

Many industry experts and professional organisations (CIBSE, RIAI, RICS) have 

recommended extending DEC’s to include private buildings (DCLG, 2010; UKGBC, 2011). 

However, this is currently not government policy. The DEC data collected for this research 

covers air-conditioned, London public service, commercial offices over 1000 m2, as there was 

no regulatory requirement to have buildings below this threshold registered. The DEC database 

was access and downloaded via The Centre for Sustainable Energy (CSE) website, which 

required processing before analysis could be carried out. The CSE (DEC) register contained 

data on 2,787 London specific, public buildings, identifying actual energy use in kWh/m2/year. 

The register presents the EUI of each energy range (DEC A-G energy labels), as well as the 

normalised ranges per kWh/m2/year (through combining heating, cooling and operating loads) 

for commercial offices within London. The register contained data on buildings address, post 

code, operational rating (or actual energy consumption) for the previous two years, energy 

rating label, and floor area, alongside lodgement dates. However, the buildings’ primary use 

was not always clear, and in some cases, the register label did not always match the actual DEC 

certificate when downloaded. This necessitated a review and mapping of postcodes 

(www.postoffice.co.uk), alongside the downloading of individual DEC certificates, to enable 

the heating and electricity loads for each building to be properly recorded. The DEC 

http://www.postoffice.co.uk/
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Operational Ratings are normalised by adjusting the given benchmarks for weather and 

occupancy to give a fair ‘typical’ energy use, against which the actual energy use is compared. 

The present analysis is considering the unadjusted actual energy use. Full details of the 

methodology can be found in Operational Ratings and Display Energy Certificates (CIBSE, 

2009). 

 

6.2.1.2 Processing and Cleaning the Raw Data 

 

Significant effort went into both processing and validating the raw data prior to its input into a 

CO2 model, which involved analysing the raw dataset for any signs of errors or invalid records. 

This analysis was based on the previous research by Bruhns, et al. (2011) that identified that 

extensive preparation work is generally needed when dealing with DEC data, to identify and 

eliminate any invalid or uncertain records, with respect to the raw data. Each of the key 

variables (actual energy use in kWh/m2/year or operational rating, floor space per m2, building 

use, and postcode) in the raw dataset was therefore examined to assess whether the latest dataset 

would require cleaning and filtering to ensure the robustness of the results. This analysis 

revealed that errors and invalid records associated with DEC records, observed in previous 

studies, still persist in the dataset (Bruhns, et al., 2011). There was a need therefore to observe 

a set of rules to clean and filter the data. The DEC records only became publicly (freely) 

available from 2015, therefore only a few studies exist on how to process and analyse these 

datasets. Several of these studies discussed earlier (Godoy-Shimizu et al. 2011, Hawkins, et 

al., 2012, Armitage et al., 2015) were considered. However, research by Bruhns, et al. (2011) 

carried out on behalf of CIBSE was deemed more suitable with respect to identifying rules for 

filtering and cleansing DEC data (see section, 6.2.4 to 6.2.7). Bruhns, et al. (2011) were experts, 

involved in the development of CIBSE TM46, which underpins the DEC scheme. Furthermore, 

an analysis of Godoy-Shimizu et al.’s (2011) research observes that the author has not classified 

the full dataset used, based on building types, which is a key variable for identifying the activity 

of the building (Prez-Lombard et al., 2008; Hawkins et al., 2012; Hong et al., 2013; Armitage 

et al., 2014). Tables 6.3 to 6.5 identify the procedure undertaken in processing and cleaning the 

raw data. The tables also identify the number of commercial offices that remain after the series 

of omissions, which are discussed in detail below. 

 

 



  

204 

 

6.2.1.3  Reclassification of Building Types 

 

Buildings are classified in the DEC database based on function. Analysis of the raw data 

identified numerous examples of typing errors and benchmark categories being identified as 

the wrong type. This was evident when the DEC’s were downloaded and the postal address 

was used to look up the relevant building. The first task in cleaning and filtering the raw data 

involved the amendment of input errors associated with the benchmark categories and building 

types on the individual certificates. The steps taken to amend the classification errors are 

summarised in Table 6.3. 

 

Table 6.3 Analysis and Correction of Building Types 

1.Review benchmark and building type input using Excel Sheets 2,787 

2.Correct assignment of building types manually  16 

3.Assign and check classified benchmarks in all records 2,478 (2787-325+16) 

 

Table 6.3 identifies the steps involved in checking that each building was classified correctly 

in the DEC data base. Step 1 involved checking the initial figure classified in the register as 

London commercial offices. Sixteen of these buildings were classified incorrectly in the 

register with incorrect spelling. 325 of these buildings were incorrectly classified as 

commercial office buildings, upon inspection of their DEC certificates. This returned a data 

source of 2,462 (2,787-325) London commercial office buildings in the CSE register. The 16 

buildings in step 2 were checked and re-classified as commercial offices, giving a final figure 

of 2,478 buildings. In the case of the 323 data sources, these were incorrectly inputted as offices 

when the DEC’s were viewed.  

 

6.2.1.4  The Removal of Questionable Data  

 

The individual DEC contains variables that identify the characteristics of the building alongside 

its energy performance. Previous research (Bruhns et al., 2011) identified and removed 

uncertain or erroneous certificates using a set of criteria relating to key variables. The criteria 

for the removal of questionable data that contained limited information were based on the 

following:  
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1. Firstly, certificates containing Operating Rating (OR) as either 200 or 9999 were 

removed. Bruhns et al. (2011) identified that the DEC register initially allowed a default 

OR reading of 200, if the OR was unknown. However, this was later revised to 9999 

from March 2010.  These data sets were removed due to unknown Operating Rating 

with respect to their relevant certificates.  

2. Secondly, implausible results where the Operating Rating (OR) of less than 5 and 

greater than 1,000 were flagged and excluded. Buildings with less than 5 OR are likely 

to be unoccupied or vacant. Bruhns et al. (2011) identify that the highest OR values for 

valid DEC’s are likely to be in the 700 to 800 range, leading to the conclusion that 

buildings greater than 1,000 are likely to be errors.  

3. Thirdly, the register allows assessors to lodge certificates, realise errors, and then allow 

for their removal. However, ‘Report Status’ in the database identifies that some of these 

cancelled certificates remain in the database. The report status was reviewed and any 

cancelled certificates were removed.  

4. Fourthly, certificates recorded with less than 50m2 were removed. As identified earlier, 

public buildings with an area in excess of 1,000m2 are required to be registered in the 

CSE database. While this threshold has been revised (buildings registered after 2015), 

the period covering the analysis contained a small number of buildings less than 50m2. 

Since these figures are likely to be errors, they were removed.  

5. The fifth data sets to be analysed were certificates containing extreme CO2 emissions. 

Certificates with CO2 emissions in excess of 100,000tonneCO2/yr were removed, as 

they were considered to be extreme outliers.  

6. The sixth data set to be analysed were certificates that identified buildings as having no 

electricity consumption. These were certificates containing 0 Electrical Energy Use 

Index (EUI). These were removed as it is improbable that occupied buildings use no 

electricity.  

7. The seventh data set to be assessed were buildings containing no fossil thermal energy 

consumption, which would imply offices with a 0 reading would have no heating at all.  

These were thought to be errors and removed.  

8. The eight data set in the register to be assessed was DEC composites. The CSE register 

allows mixed use falling within different categories energy performance to be assessed 

by means of a composite benchmark. This consists of the unusable floor areas being 

divided up between the differing uses and applying benchmarks in proportion to those 
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areas. The composite areas were removed, as these areas could not be assigned as a 

whole to a unique benchmark for the purpose of analysis.  

 

Table 6.4 Removal of Questionable Data  

DEC data source 2,478 

1. Operating Rating (OR) as either 200 or 9999 769 

2. Implausible results where the Operating Rating (OR) of less 

than 5 and greater than 1,000 

146 

3. Cancelled certificates remain in the database 207 

4. Certificates recorded with less than 50m2 112 

5. Certificates with CO2 emissions in excess of 

100,000tonneCO2/yr 

123 

6. Certificates containing 0 Electrical Energy Use Index 138 

7. Containing no fossil thermal energy consumption 103 

8. DEC composites 203 

Revised DEC data 677 

 

6.2.1.5 Early Renewals  

 

There was evidence in the CSE register that new DEC were being lodged a matter of months 

after initial registration. The certificates are only required annually on occasions to report 

reduced energy consumption or to make corrections. Bruhns et al. (2011) identify that it is 

desirable to have one DEC, per building, per year. The register was reviewed to assess the 

number of days elapsed between the lodging of certificates less than six months from previous 

registration. Bruhns et al. (2011) recommend the removal of certificates where the assessment 

period of the later record overlaps with the earlier record by up to 182 days. 

 

6.2.1.6  Identical Records 

 

In principle, the CSE register should have all duplicate records removed. The ‘Report Status’ 

identifies (in theory) where certificates have been cancelled. However, upon inspection of the 

certificates, its variables, and postal codes, some logs show the same consumption for the same 

building, within the same time period. To account for unflagged duplicates, certificates lodged 

for the same building, containing the same energy consumption, in the same time period, were 

discounted. 
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Table 6.5 Removal of early Renewal & Identical records  

DEC data source 677 

The removal of early renewal & identical records -386  

Revised DEC data 291 

 

Tables 6.3 to 6.5 provide a summary of the processing and validating of the raw data. This 

analysis revealed that errors and invalid records associated with DEC records observed in 

previous study, persist in the CSE dataset (Bruhns, et al 2011). There was a need therefore to 

observe a set of rules identified in previous research, to clean and filter the data (Bruhns, et al. 

2011). The strength of using the DEC database comes from the fact that detailed energy 

consumption of buildings end use can be reviewed in accordance with the CIBSE TM22 

methodology. This provides a deeper insight into assessing the energy demand from existing 

buildings. However, a weakness is that the dataset is small, in addition to the fact that these are 

public buildings that are registered within the last 10 years. 

 

6.2.1.7  Estimating the EUI of the Data Sample 

 

Following the processing and validating of raw data, the resulting cleansed data contains 

information on 291 London commercial office buildings, representing approximately 10% of 

the overall DEC dataset. This was in-line with earlier research (Jones, et al., 2000: Bruhns, et 

al., 2011: CIBSE, 2012: Jones, 2014; also see Table 6.2) in which the sample size, most 

frequently quoted, with respect to an appropriate threshold for determining the reliability of 

benchmarks, was 50. However, samples in-excess of 100 have also been quoted, on occasion. 

After cleansing, the data was analysed to determine whether the resulting sample was 

representative of the larger population (i.e. the existing building stock).    

 

Table 6.6 identifies the distribution of Energy Use Intensity (EUI) for the research sample of 

291 public commercial offices, in greater London. Table 6.6 presents the EUI of each energy 

range (DEC A-G energy labels), as well as the normalised ranges per kWh/m2/year (through 

combining heating, cooling and operating loads) for commercial offices within the data sample.   
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Table 6.6 EUI of Public Sector Office Buildings in London reported on DEC register 

DEC label range 

Number of 
buildings 

Mean Energy 
Use Intensity 

(kWh/m2/year) 

Sum of total EUI in 
each range 

DEC label CO2kg/m2/yr 
range 

% of 
DEC 
labels 

A 0-25 2.4% 7 31 217 

B 26-50 5.2% 15 105 1575 

C 51-75 21.4% 62 143 8866 

D 76-100 20.9% 61 177 10797 

E 101-125 20.9% 61 225 13725 

F 126-150 20.6% 60 286 17160 

G 150+ 8.6% 25 454 11350 

Total    100% 291   63690 

Mean 63690/291 

 

    
218.87  

Rounded up to 219 

 

As can be seen in Table 6.6, labels C, D, E, and F are the most frequent classes when it comes 

to the energy use intensity of commercial offices within London. This is in line with a larger 

population of commercial office buildings (see Figure 6.2 & Table 6.7) with respect to the DEC 

labels, where the majority of the existing UK offices fall within the mid-range energy label 

(DPC grade C, D, E & F). Table 6.6 identifies the frequency, alongside the mean energy use 

intensity, within each class (of the cleansed DEC data). It is worth noting that the mean value 

of energy use intensity across the research sample of 291 commercial office buildings amounts 

to 219 kWh/m2/year. The overall mean value of 219kWh/m2/year represents the average asset 

reading, which is very similar to the typical energy consumption benchmark 

(225kWh/m2/year–typical offices), for existing standard, air-conditioned offices reported in the 

CIBSE general offices guide (CIBSE, 2004).  

 

6.2.1.8  Data Sampling Determination 

 

The main objective of this section was to reflect upon the processed and cleansed data and 

assess whether an adequate sample size exists. In addition, to determine whether the 

characteristics and patterns of energy consumption found in the sample can be used to make 

inferences about the larger population (London’s commercial office building stock). Previous 

research tended to carry out data cleansing, with the remaining data being analysed. On 

occasion where sampled data is presented, limited (or no) analysis was carried out, in 
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determining whether these samples are representative of the larger population. There are also 

inconsistencies with respect to identifying an appropriate sample size. For example:  Jones, et 

al. (2000) present a sample size of 147 office; Armitage et al. (2015) use a random sample of 

332 offices, representing the total commercial offices premises (375,790 properties) of England 

& Wales; Bruhns & Wyatt (2011) use 168 offices in their assessment of the non-domestic 

building stock in England & Wales (see section 6.2.1 & identified in Table 6.2). 

 

There are several methods in which sample sizes can be estimated, ranging from rules of thumb 

to more complex methods that require considerations of key characteristics that make up the 

sample. As identified earlier, the key characteristics that make up the DEC database are: actual 

energy use, floor space per m2, building use, and postcode. The buildings were all classified as 

air-conditioned commercial offices, located in London, in excess of 1,000m2, while the actual 

energy use is classified based on their respective DEC label, quantifying buildings based on 

their kWh/m2/year and CO2kg/m2/yr. These DEC labels were grouped based on similar 

characteristics (i.e. an A rating equates to between 0 and 25 CO2kg/m2/yr, while B rating 

equates to between 26 and 50 CO2kg/m2/yr, while C equates to between 51-75 CO2kg/m2/yr. 

etc.). Uncertainty remains on whether a sufficient data set remains within the cleansed and 

filtered data, and whether this data is representative of the larger population.  

 

There are no datasets that quantify the energy demand of approximately 86,000 (26,035 

thousand m2) London’s commercial offices (VOA, 2015). However, data exists on a population 

of 65,530 DPC labelled, public commercial offices throughout the UK, submitted to the CSE 

between August 2008 and May 2015. This CSE register was downloaded and compared to the 

research sample to determine whether an adequate sample size exists and whether the 

characteristics and patterns of energy consumption are representative of the larger population. 

No validation or data cleansing took place on the larger population. However, the 65,530 

buildings were divided into their differing energy labels (A-G, DEC labels) to determine 

whether a proportional representation of each performance-in-use, energy labels are present in 

the research data sample. This analysis is known as ‘stratified sampling’, where the population 

of each strata (A-G, energy labels) were assessed to determine whether the research data was 

sufficient in providing a proportional representation of each label. Table 6.7 provides a 

breakdown comparison of both the CSC register DEC labels (65,530 population data) to the 

research data sample used (291, A-G DEC labels). 
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Table 6.7 Comparison of larger population data to the research data to determine whether a 

Representative Sample Exists 

 

Nr of 
Buildings in 

DEC 
population                           

(CSC-
register)   

Column A 

% of DEC 
buildings in 
each range 

(CSC-register) 
Column B 

% of DEC 
buildings in 
each range 

(data 
sample) 

Column C 

Recommended 
nr. of data sets 

to be used                    
(in data sample)    

Column D 

Used in 
the 

Research 
sample     

Column E 

Difference     
Column F 

Fx   A/65530 x 100 Table 6.6 291/100 X B Table 6.6 E-D/291 

A 921 1.4% 2.4% 5 7 1% 

B 3206 4.9% 5.2% 14 15 0% 

C 14561 22.2% 21.4% 64 62 -1% 

D 16873 25.7% 20.9% 74 61 -4% 

E 12516 19.1% 20.9% 55 61 2% 

F 12066 18.4% 20.6% 55 60 2% 

G 5387 8.2% 8.6% 24 25 0% 

Total 65530 100.0% 100.0% 291 291   

 

Stratified sampling took place by dividing the population sample into its differing DEC labels 

(A-G), as shown in Table 6.7, where the % in each label range was compared to the research 

data sample. The 291-research sample or probability sample were assessed to determine 

whether a sufficient number of strata were drawing from each DEC label to be classified as a 

representative sample of the population. Table 6.7 identifies that the number of DEC labels 

used in the research sample are a proportional representation (within 4% of the recommended 

number of buildings) in each stratum (or performance-in-use DEC energy label A to G) of the 

population. This means a sufficient number of buildings exist in each range within the research 

sample to be represented of a larger population. The analysis concludes that a minimum sample 

size exists within each range that is representative of the larger population of 65,530 buildings. 

However, it must be noted that a larger population of approximately 86,000 commercial offices 

exists within the London area (VOA, 2015), which may result in minor adjustment to this final 

figure. However, the patterns of buildings within each DEC range were found to be remarkably 

close, when compared. This analysis lead to the conclusion that the processing and cleansed 

data was remarkable close to the larger CSE register population. This thus presents evidence 

that the characteristics and patterns of energy consumption found in the processed and cleansed 

data can be used to make inferences about the larger population with respect to London’s 

commercial office building stock. 
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Figure 6.2 DPC labels for commercial offices London (2008-2015) 

(CSE register of 65,530 UK offices-DCLG, 2015) 

 

Figure 6.2 summarises the spread of 65,530 DPC labels submitted to the CSE between August 

2008 and May 2015, with respect to commercial offices in the UK. Figure 6.2 shows that the 

majority of labels are within the C, D, E, & F categories, with only a small proportion within 

the A, B, and G category, corresponding with the earlier Table 6.6. 

 

6.2.1.9  Floor Areas Utilised in Estimating the Energy Demand of London’s 

Commercial Office Building Stock 

 

Floor areas estimates per m2, available from the Valuation Office Agency (VOA), were used 

to identify the commercial office floor space based on London’s local authorities administrative 

area. The VOA keeps time series statistics (updated annually) on floor space, based on a range 

of different purpose groups (e.g. offices, retail, industry, other) who are liable for business 

rates. For consistency with the aforementioned energy demand data (for the base year), floor 

areas from 2015 were used as part of this analysis. The VOA database identifies a total floor 

area of 26,035 thousand m2 for London’s commercial offices. 

 

Table 6.8 groups London’s commercial floor area according to its energy label, alongside 

dividing the total office area into its corresponding energy range.  As in Table 6.6, energy labels 

C, D, E, and F are the most frequent classes when it comes to energy use intensity.  
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Table 6.8 Total Office Area for London broken down into its Estimated Energy Range  

DEC 
labels 

Energy 
Labels as 

% of 
building 

stock 

Σ Energy 
Labels by 

Floor Area 
(m2) 

A 2.4% 624,840 

B 5.2% 1,353,820 

C 21.4% 5,571,490 

D 20.9% 5,441,315 

E 20.9% 5,441,315 

F 20.6% 5,363,210 

G 8.6% 2,239,010 

Totals 100% 26,035,000m2 

 

6.2.1.10 Estimating the Existing Energy Consumption  

 

Table 6.9 summarises the estimated total EUI kWh energy consumption for London’s 

commercial office building stock, where the mean EUI for each energy range/label (A-G labels 

within the DEC data set) was applied to the earlier floor area, grouped according to its energy 

label. 

 

Table 6.9 Existing EUI of London’s Commercial Office Building Stock 

Existing Consumption of London's Commercial Office 
Building Stock 

Mean EUI of 
each 

range/label 
(kWh/m2/yr) 

DEC 
Label 
Range 

Areas (m2) 

Σ Energy 
Consumption 
by floor area 

(kWh/yr) 

31 A 624,840 19,370,040 

105 B 1,353,820 142,151,100 

143 C 5,571,490 796,723,070 

177 D 5,441,315 963,112,755 

225 E 5,441,315 1,224,295,875 

286 F 5,363,210 1,533,878,060 

454 G 2,239,010 1,016,510,540 

Total Existing 
GWh 

    5.70 GWh 

 



  

213 

 

Using the mean EUI for each DEC energy label, multiplied by the floor areas, a total estimate 

of the energy consumption for London’s commercial offices amounts to 5.7GWh or 2.86GtCO2  

using the aforementioned CO2
 equivalent for electrical consumption (to convert this GWh 

figure to GtCO2). This amounts to 220kWh/m2 or 109.43 kgCO2/m
2/y, rounded to 

110kgCO2/m
2/y. The 5.7GWh and 2.86GtCO2 figures represent the total estimated energy 

demand and carbon emissions from London’s commercial office building stock, for the year 

2015. 

 

6.2.2 Renovation and Replacement Rates 

 

Apart from the aforementioned model attributes, all scenarios contain key variables that result 

in alternative futures. One such variable was the rate of replacement of the building stock. Rates 

of renovation, demolition, and replacement vary in each scenario, driven by the anticipated 

local economic conditions and regeneration policies. Several research papers (Carbon Trust, 

2009; London Office Floor Space Projections, 2014; VOA, 2015) identify that approximately 

80% of the current stock pre-dates the 1980’s, built between the wars in an era before the 

relationship between buildings and local climatic variations were properly understood. This 

means that the existing building stock has a high potential to improve its energy efficiency, 

through investing in deep energy retrofits, or the demolition and replacement of high energy 

consuming buildings. The renovation and replacement rates accounts for the (deep, energy 

efficient) retrofit, of the existing building stock. This would involve high energy consuming 

buildings being targeted (legislation, funding, MEES), incentivising deep retrofits to A rated, 

DEC standards. Once completed, buildings of medium energy consumptions are then targeted, 

until the building stock reaches A rated DEC standards. However, uncertainty exists within 

these rates, as a small proportion of the existing building stock will not be able to achieve the 

low carbon emitting targets (per m2) through deep retrofits alone. It is anticipated that this 

smaller portion of the building stock will need major intervention in the form of complete 

demolition and replacement, with low carbon emitting buildings. The criteria for assessing 

demolition or deep retrofit could be based on a similar approach used in the past (green deal, 

golden rule). However, uncertainty exists regarding the proportion of the existing building 

stock that can be upgraded through deep energy retrofits, versus the proportion that needs to 

be demolished and replaced. Previous research (Boardman et al., 2005, SDC, 2006) identified 

figures between 10-40% of the building stock will need to be replaced, with the remainder 
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being capable of achieving upgrades to high energy standards through retrofitting. This 

uncertainty is reflected in the different scenarios in estimating/simulating how much of the 

existing stock will be renovation and replacement (which includes demolition) by the year 

2050, with a huge range of assumptions and uncertainties attached to such projections. Table 

6.10 provides an overview of recent industry publications and current trends, identifying 

differing annual renovation and replacement rates.  

 

Table 6.10 Projected Annual Renovation and Replacement Rates 

Report published  Year’s 

estimated 

Renovation & Replacement  

Rate per annum  

Carbon Trust (2009) 2005-2050 1% 

London Office Floor Space 

Projections (2014) (Pre-BREXIT 

report) 

2011-36 1.39% 

VOA floor area growth 2008-2015 

(2015) 

2008-2015 1% 

London Office Policy Review (2017) 

(Post Brexit report) 

2016-41 0.72% 

 

 

Current trends have been estimated based on the extrapolating (annual arithmetic average 

multiplied over time period) of past growth data, calculated by the net change in office stock 

over the period 2008-2015 within VOA data. The VOA data sets for London’s commercial 

offices identifies a base renovation and replacement rate to be approximately 1% per annum. 

This was in line with a Carbon Trust report (2009) that also identified a 1% renovation and 

replacement per rate annum. However, a report by Peter Brett & Greater London Authority on 

‘the London Office Floor Space Projections’ (2014) identified an enthusiastic renovation and 

replacement rate of 1.39% per annum. It must be noted that this report was carried out prior to 

the June 2016 BREXIT vote, where there appeared to be a positive market sentiment in the 

UK’s financial market, towards investment in commercial office real estate (CBRE, 2013, 

Savills, 2016). A subsequent report ‘London Office Policy Review’ (2017) was carried out by 

the Greater London Authority, which presents a totally different renovation and replacement 

rate, which equates to almost half (0.72%) the earlier pre-BREXIT vote figure. Upon reflection 

on current renovation and replacement rates (VOA, 2015), the current 1% figure was applied 

to the status quo scenario carbon model. The Status Quo scenario was effectively the baseline 

assumption against which all other variants were assessed.  
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6.2.3 Modelling the Impact of Energy Efficiency Legislation 

 

6.2.3.1 Legislation Applicable to New Builds  

 

Another variable to have an influence in the alternative future scenarios was government policy 

on the ‘conservation of fuel and power’ and the implementation of energy efficiency in building 

legislation. Part L2B of the Technical Guidance Documents (TGD), Building Regulations 

already sets MEES with respect to new builds, and the carrying out of works to ‘existing 

buildings, other than dwellings’.  

 

Figure 6.3 Evolving Part L CO2 emission reductions 

Figure 6.3 summarises the continuation of CO2 reduction targets since the introduction ADL1 

and ADL2 (Building Regulations Part L) in 2003, with additional amendments in line with 

EPBD. The 2006 and 2013 amendments have resulted in a 25% and 44% reduction in MEES 

CO2 emissions, respectively, for new builds and renovation works, when compared to 2003 

regulations. The majority of the scenarios (all apart from the Rigid Stagnant City) see a 

continuation of the tightening of Part L requirements along a carbon neutral pathway as shown 

in Figure 6.3. Figure 6.3 identifies the introduction of new Part L regulations from 2019 

(complying with the EPBD that all new or nearly new builds must be NZEB by 31st Dec 2020) 

in which MEES CO2 emission requirements are reduced further by approximately 70% 

(compared to 2003 regulations) towards NZEB standards. The Green Growth scenario sees a 
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further tightening of standards towards ‘near carbon neutral standards’ by 2025, in accordance 

with the government’s Carbon Plan (2011). However, uncertainty exists with respect to the 

implementation of the Labour government’s 2011 Carbon Plan, as several initiatives (such as 

zero carbon new homes from 2016) are still awaiting introductory legislation and regulation. 

The Building Regulations were used to set minimum energy efficiency and CO2 targets, for 

new builds, refurbishment, material alteration, or change of use within each scenario. The 

minimum energy efficiency standards for new builds are inevitably linked to renovation and 

replacement rates, where demolished or deep retrofits are constructed to higher standards, in 

accordance with regulations at the date of construction.   

 

6.2.3.2 Legislation Applicable to the Existing Building Stock 

 

The alternative future scenarios contain adjustments for changes in energy efficient policy, 

where the potential impact of the existing building stock energy demand was assessed. Apart 

from the renovation and replacement rates and the introduction of Part L Building Regulation 

variations, the introduction of Minimum Energy Efficiency Standards (MEES) was also 

assessed, with respect to its impact on upgrading the existing building stock.  As identified 

earlier, the Energy Act, Private Rented Sector Regulations (2011) sets a MEES linked to 

buildings EPC rating (or design intern). However, in the literature review (see sections 2.6 to 

2.13), the UK Green Building Council and several professional organisations (CIBSE, 2011; 

JLL, 2012; RICS, 2012) recommend that MEES should be revised, placing greater emphasis 

on buildings’ operational rating (in-use performance). Furthermore, the participants from the 

working group collectively agreed and recommended that MEES should be adapted and linked 

to buildings’ performance in-use rather than design intent labels (DEC’s instead of EPC’s). 

Participants agreed on continuing along the lines of an initial EPC label to market the premises, 

followed up with the introduction of legislation requiring a DEC style certificate, to be issued 

within a 2-year period. This would be done upon works completed and tenant occupation, with 

greater emphasis placed upon the buildings’ DEC label, when it comes to demonstrating MEES 

compliance.       

 

The alternative future scenarios explored this recommendation, linking MEES to the buildings’ 

DEC as opposed to EPC labels under current legislation. This consisted of sensitivity 

adjustments in which differing minimum energy labels (starting with E progressing towards A) 
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were linked to MEES. The scenarios assess the impact that differing MEES have on London’s 

commercial offices’ contrasting (2050) futures, with respect to their final energy demand. For 

example, MEES are set at E rated DEC labels from 2018, in the event of lease renewals and 

new lettings. MEES were then set at a minimum E label for all existing non-domestic tenancies 

from 2023. There are exemption categories to these proposed standards, and landlords can 

register for exemptions if there are no third-party funds available for energy efficient 

improvements. However, as with the government’s MEES set in 2018, commercial offices 

cannot be rented out unless they meet the new standards. The impact of introducing this 

standard (when reflecting on the earlier Table 6.7 of 65,530 DEC labels,  registered within the 

DCLG database), implies that approximately 26% of the existing building stock (current 

building stock containing F & G labels which amounts to 17,453 existing buildings on Table 

6.7) would have to be refurbished to a higher energy efficiency standard, by 2023. No final 

decision has been made on tightening MEES further beyond 2023, with respect to commercial 

office buildings. However, several publications (Greater London Authority, 2017; RLA, 2018; 

The Negotiator, 2018) have identified the potential for further MEES to D by 2025 and C by 

2030, with respect to all rental properties. The Green Growth scenario assesses the full potential 

that exists, with respect to reducing the energy demand from existing buildings, through the 

gradual introduction of MEES (from E to A, DEC labels) from 2018 to 2040.  

 

 

Figure 6.4 Tightening of MEES in the Green Growth scenario 
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Similar to the Energy Act (2011), there were exemptions for specific structures (buildings of 

historic, architectural, cultural interest), as not all buildings were subject to MEES. Figure 6.4 

identifies the kWh/m2 MEES figures are revised from E to A, over the 22-year time period, 

reflecting the estimated changes in the mean EUI, using the energy demand estimates of each 

DEC label range (see Table 6.6). 

 

6.2.4 Modelling the Requirement to have Renewable Technologies, in New Build 

Projects 

 

On-site renewable energy generation and grid decarbonisation initiatives provide the potential 

to reduce CO2 emissions associated with the existing building stock. The government 

previously committed to providing 15% of UK’s energy from renewable sources by 2020, 

alongside signing up to reducing greenhouse gas emissions by at least 80%, by 2050. The 80% 

reduction figure includes an element of the final energy consumption coming from renewable 

sources. The London Environment Strategy, which forms part of the overall London Plan, also 

sets a target for 15% of all energy demands to come from renewable sources or community 

energy schemes by 2030. This includes initiatives such as feed-in tariffs for on-site renewables, 

government support for CO2 storage, and decarbonising the grid schemes to be provided, 

alongside energy efficiency upgrade projects.  Several of these initiatives have already been 

alluded to under the London Environment Strategy and government policy on energy 

efficiency. The London Environment Strategy is part of the overall London Plan, which 

contains strategies for the implementation of core policies that focus on mitigating climate 

change (in areas such as public transport, waste and flood measures). Measures such as the 

requirement for all new non-domestic buildings (greater than 1,000m2) to have ‘sustainable 

statements’, demonstrating how buildings can achieve BREEAM excellent and zero carbon 

standards, drive energy efficiency with respect to new builds. However, the strategy and policy 

documents generally fall short when it comes to providing specific details and actions on the 

implementation procedure, how to make the existing building stock energy efficient, MEES, 

carrot and stick measures, and specific funds available. 
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Table 6.11 Application of renewable technology in the Green Growth scenario 

Scenario Measure Introduced Policy Intervention Required 

Green 

Growth 

(Medium) 

15% minimum requirement of 

energy to come from renewable 

sources 

Revision needed to the Building 

Regulations, with changes to part L 

from 2019 (15% minimum 

requirement of energy to come from 

renewable sources) 

 

The Green Growth scenario identifies a future in which energy efficiency measures are 

universal, with the completion of a retrofit project by 2040. Additional incentives, such as 

localised onsite renewable energy schemes and grid decarbonising projects, should help 

buildings adapt to the wetter, warmer weather conditions. However, every site would have to 

be assessed individually, when it comes to suitability for generating electricity such as wind 

turbines, PV solar panels, and ground source heating & cooling, which saves greater amounts 

of CO2, compared to other energy efficient improvement works.  It is likely that several of 

these renewable technologies could be retrofitted to all existing buildings, as part of any 

proposed deep retrofit project. Table 6.11 summarises the measures introduced, and policy 

intervention required in the Green Growth (medium) scenario.  In the case of the medium green 

growth scenario, the introduction of Part L revisions saw a requirement to have a minimum of 

15% of energy (for all new builds or renovations) to be generated on-site from renewable 

sources. 

 

6.3  Scenario Analysis -Assessing the Differing Energy Demand Futures  

 

In order to explore whether it is technically feasible to achieve the anticipated CO2 emission 

reduction targets by the middle of this century, a series of energy demand and CO2 emission 

models of London’s commercial office building stock have been developed for each of the 

scenarios (identified earlier by the working group and summarised in Figure 5.5). The models, 

not only build upon previous research (undertaken by Prez-Lombard et al., 2008, Mortimer et 

al., 1999, Bruhns and Watt, 2011, Coffey et al., 2009), they also represent the most recent 

attempt to quantify and predict the energy demand and CO2 emissions from London’s 

commercial offices up to the year 2050. The CO2 models explore the implication of deep 

retrofits, alongside energy efficient policy changes on London’s commercial office building 

energy demand and carbon emissions. The models have been used to construct four illustrative 

scenarios, of London’s commercial office building stock energy demand, in line with the 
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working group’s views on different alternative futures (Status Quo, Rigid Stagnant City, Green 

Wash, and Green Growth scenarios). While data compiled for the base year 2015 remains the 

same in each scenario, specific information has been adjusted to reflect each scenario. These 

include: levels of renovation and replacement rates, new build building regulation 

requirements, the introduction of renewable on-site energy generation and changing MEES 

with respect to the existing building stock. These variations were inputted into the models, to 

calculate the anticipated energy demand and CO2 emissions attributed to each future, by the 

year 2050.  

 

 

Figure 6.5 Flow chart of the modelling process 

 

Figure 6.5 provides a visual representation of the CO2 model development process and the 

associated links between the different activities, used to quantify the energy demand in the 

differing scenarios. This was then expanded upon in chapter 7, in developing a detailed 

pathway on how to achieve the desired future (the scenario that reaches 2050 CO2 reduction 

targets), aimed at developing a conceptual framework on how to achieve a low carbon future. 
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6.3.1 Base Case-Existing Building Stock Energy Demand 

 

Table 6.12 provides a summary of the 2015 energy demand from London’s commercial office 

building stock and key variables that influenced this figure, which were discussed earlier in 

section 6.2.  The base case analysis identifies an energy demand of 5.7GWh and carbon 

emission of 2.86GtCO2, with respect to London’s existing commercial office building stock. 

This EUI GWh figure was identified through combining the in-use energy performance of the 

building stock by its floor area (EUI= m2 X kWh), in which the energy performance was 

calculated from a representative sample (see Table 6.6 ) of a range of DEC labels (A-G), where 

a mean EUI identified in each range was then applied to its age profile and associated office 

floor area.      

 

Table 6.12 Inputs into Base Case CO2 Model 

Energy Demand of London’s Existing Commercial 

Offices (see Table 6.9)  

5.7GWh 

Carbon Conversion Figure 2.86GtCO2 

Renovation and Replacement Rate % (VOA, 2015) 1% per annum 

Energy Efficiency Legislation 

Part L 2013 

MEES 

Current 

2013-220kWh/m2     

2019-123kWh/m2 

Currently applies to new builds or 

renovations works, moving towards E, 

EPC from 2018 and required by 2023 

Renewable Technology and London Plan No current (2015) legal requirement for 

non-domestic buildings 

 

The core model attribute was the energy consumption of London’s commercial offices. The 

addition of variations in the growth rate or renovation & replacement rate (reflecting economic 

conditions) alongside policy interventions (Building Regulations, MEES) all influenced 

projections of energy consumption in each future scenario. For example, future areas (meters 

squared-m2) of the building stock were estimated through multiplying current EUI by the 

anticipated growth rate (example for 2016, FEUI 2016 = 220kWh/m2 X 26,035,000m2 X 

0.01p.a=5,727,700,000kWh or 5.7GWh (Carbon Conversion Figure =2.86GtCO2), which was 

subdivided into EUI consumption and CO2 emissions from both existing and new building 

stock. In the case of model adjustments accounting for the proposed Part L, building regulation 

amendments from 2019, the EUI figure for new builds and deep retrofits was adjusted 
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downwards from 225 to 123kWh/m2., which resulted in a reduction in energy demand from 

buildings to NZEB standards from 2019 (in accordance with EPBD).  This was also the case 

with respect to MEES adjustments to existing buildings. An amendment to the Energy Act 

(2011) sees MEES change from EPC labels to DEC labels, setting the MEES rating of ‘E’ from 

April 2018, with respect to lease renewals and new lettings. The MEES were then applicable 

to all existing non-domestic tenancies from 2023. The model took this new policy adjustment 

into account through the gradual reduction in energy demand from 2018-2023, in which 

investors and property owners were obliged to carry out energy efficient upgrade works to their 

existing buildings. The model sets a DEC label of E as the minimum energy label from 2023 

(see commentary and figure adjustments identified earlier, under Table 6.9).  

 

Table 6.13 EUI, of London’s existing building stock with MEES adjustment to E.  

Existing Energy Consumption of London’s Commercial Office 
Building Stock (MEES-E) 

Mean EUI of each 
range/label 

(kWh/m2/yr) 

DEC Label 
Range 

Σ Energy Consumption by 
floor area (kWh/yr) 

31 A 19370040 

105 B 142151100 

143 C 796723070 

177 D 963112755 

225 E 1224295875 

225 E (previously F) 1206722250 

225 E (previously G) 503777250 

Total (GWh)   4.86 

 

Table 6.13 provides an overview of adjustments for DEC energy label MEES from 2023. This 

resulted in a revised EUI figures of 225kWh/m2 (final energy consumption) for both the F and 

G labels’ mean EUI values. The 2018-2023 EUI kWh figures were adjusted downwards from 

5.7 GWh to 4.86 GWh, reflecting the impact that imminent policy intervention will have on 

the energy demand of London’s commercial offices.  

 

6.3.2 Sensitivity Adjustments 

 

As identified earlier, four models have been used to construct a number of detailed illustrative 

scenarios of the commercial office building stock, in line with the working group’s views on 
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alternative futures (Status Quo, Rigid Stagnant City, Green Wash, and Green Growth 

scenarios). Section 5.3.4 identified the stories behind these differing scenarios, expanding upon 

the working group’s visions of alternative futures. This section elaborates upon these scenarios 

through the inclusion of an evidence base (quantitative) data analysis that bridges the science 

policy gap. This was achieved through the examination of the various futures and options on 

how to achieve a low carbon future. In doing so, it legitimises decision making based on both 

up-to-date knowledge, as well as analysing specific action required (working group, 

recommendations) as part of the scenario development. Each of the scenarios incorporates a 

high, medium, and low sensitivity adjustment, to study how future uncertainty in the output of 

the CO2 carbon models can be apportioned to different sources of uncertainty, with respect to 

estimating future energy demands. The medium output range has been developed, based on 

analysis of recent publications and current trends as discussed previously under key variables 

that change the output in each future scenario, in section 6.2.1 (renovation & replacement rates, 

building regulation, on-site renewable energy generation, and MEES). The low output range 

sets out the most pessimistic future trajectories for the different scenarios. This reflects future 

uncertainty in the event of BREXIT, alongside a downturn in national and international 

economic conditions that influence growth in London’s commercial office sector. This may 

come about as a result of higher interest rates, increase in the value of sterling (compared to 

the euro/dollar), high inflation, or no future trade agreement with the EU, which results in 

international trade and investment moving away from London’s financial market. The low 

output range was estimated based on a review of recent publications (CAG Consulting, 2017; 

London Office Policy Review, 2017; Cambridge Econometrics, 2018) and current trends 

(VOA, 2015), which resulted in a downward adjustment of each medium range renovation and 

replacement rates within the CO2 model. The low output in economic growth would inevitably 

see a reduced demand to occupy London based commercial offices, resulting in reduced 

occupier rates, renovation and replacement rates, and inadvertently contributing to a reduction 

in energy demand and carbon emissions. 

 

The high output range sets out the most optimistic future trajectories for the different scenarios. 

The high output range figure assumes that investment in London’s commercial office sector is 

renewed by the transition towards a low carbon economy. The sector will start to grow to 

achieve high levels of output growth, as seen in previous years of 1988 and 2007 (ONS, 2011). 

Once a long-term strategy on energy efficiency and future trading agreement with the EU is 
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firmly established, wider industry output growth occurs, which sees continued growth until 

2050. London’s financial market and commercial office sector will continue to grow with the 

ability to compete on a level playing field with other EU cities. This is a result of the UK 

seeking and obtaining complementary trading agreements with both the EU and the rest of the 

world. Legislation that promotes energy efficiency sees organisations benefit from global 

carbon prices with a tax system linked to carbon emissions. Further energy efficiency policy 

initiatives include feed-in tariffs for on-site renewable electrical generation and lower running 

cost as a result of a deep energy retrofit build project for the existing building stock, which 

would reinvigorate London as the world’s capital financial centre. A healthy economy fuels 

the growth of a low carbon society, fuelling investment and employment, alongside 

contributing to the mitigation of the effects of climate change.   

 

All the aforementioned key variables were assessed within the scenarios that show progressive 

change towards energy efficiency (Greenwash & Green Growth scenarios) as a result of policy 

intervention. However, scenarios in which the working group identified as having regressive 

or stagnant energy efficient policies (Status Quo & Rigid Stagnant City scenarios) resulted in 

sensitivity analysis adjustments to the renovation and replacement rates, with only minor 

revisions to part L regulations and MEES. This was a result of the working group’s view that 

‘Status Quo & Rigid Stagnant City scenarios contain no new energy efficiency policy 

interventions beyond existing or imminent policy changes’. This resulted in minimum 

adjustment to the energy demand and carbon emissions, with respect to the existing building 

stock.    

 

6.3.2.1 Status Quo-CO2 Model 

 

The medium Status Quo scenario identifies a building stock that grows with new build 

demolition, extensions, and renovations continuing in line with current trends (VOA, 2015). 

These are carried out in accordance with 2013 regulations (TGD Part L), which are revised in 

2019 towards NZEB standards. In this scenario, there were no improvements in energy 

efficiency or supply beyond new, planned refurbishments to meet the MEES legislation 

(Energy Act, 2011) from 2018. A high and low sensitivity analysis was applied, with a +/- 0.5 

adjustment to the renovation and replacement rates, alongside the tightening (in the case of 
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high adjustment) and relaxing (in the case of low adjustment) of building regulations and 

MEES to assess future uncertainty and differing impacts on 2050, CO2 emissions.  

 

Table 6.14 Key variables that influence change in the Status Quo-CO2 Model 

 

 
Renovation 

Rates p.a. Building Regulations MEES 
On-site 
Energy 

Generation 

 

Status Quo 
Scenario 

1.5% p. a 
Current part L 

220kWh/m2 with NZEB-
123kWh/m2 from 2019 

MEES of E, DEC 
from 2018,  

D from 2025 

No 
requirement  

High 

1% p. a 
Current part L 
220kWh/m2  

123kWh/m2 from 2019 

MEES set at E 
from 2018  

No 
requirement  

Medium 

0.5% p. a 
Removal of EPBD from 
2019 resulting in 316 

kWh/m2 by 2050 
No MEES   

No 
requirement   

Low 

 

Table 6.14 includes a summary of the sensitivity analysis adjusted figures, identified as high, 

medium, or low output ranges, which reflects different sources of uncertainty (changes in 

energy efficiency policy). Low identifies no (or even regressive) intervention, medium 

identifies retaining existing, while high identifies minor tightening of existing environmental 

policy and growth in the renovation and replacement rate. The sensitivity analysis provides a 

variety of output figures that takes future uncertainty into account in the Status Quo scenario, 

when estimating the energy demand and CO2 emissions of London’s commercial office 

building stock, up to and including the year 2050.   

 

The renovation and replacement rate differ in each permutation, as summarised in Table 6.14 

In the case of a Low Status Quo, this scenario envisages Britain leaving the EU and the single 

market, with no transition period and no membership of the European Economic Area (EEA), 

with the default position reverting to World Trade Organisation (WTO) rules, applied from 

2019.  This scenario was in line with Cambridge Econometrics’ study ‘Preparing for BREXIT’ 

published by the London Mayor (Cambridge Econometrics, 2018), in which 5 different models 

(or scenarios) were presented assessing the local economic impact (London specifically) of the 

UK exiting the EU. The models identify BREXIT having a negative impact across all key 

indicators, particularly on investment, where £20.2bn would be lost under the softest scenario 

(UK staying part of EEA but not the CU) by 2030. However, under the most severe BREXIT 

scenario (no transition period, no membership of the EEA, with the default position reverting 
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to WTO rules) £46.7bn of investment would be lost by 2030.  In the most severe scenario (see 

later Rigid Stagnant City scenario), 87,000 people become unemployed, with the financial and 

professional service sector being the hardest hit by 2030. London is still expected to grow 

despite the anticipated downturn (as a result of negative or no future trade agreement with the 

EU), as it has a higher concentration of high value sectors which are able to recover from 

economic shocks more quickly compared to other areas within the UK (Cambridge 

Econometrics, 2018). In this scenario, a 0.5% renovation and replacement minimal growth rate 

per annum was presented, reducing the existing status quo rate (1% per annum) by half. This 

figure was slightly below the 0.72% growth rate, presented in the London Office Policy Review 

(2017) report. However, it reflects the most up-to-date severe BREXIT scenario, identified 

within the Cambridge Econometrics study (2018).  The medium Status Quo scenario continues 

along current trends of a 1% renovation and replacement rate (VOA, 2015), where continued 

investment in so-called green initiatives and limited feedback on investment or in-use 

performance results in minimum energy efficiency improvement.  

 

The introduction of policy measures (tightening of current building regulations and MEES), 

alongside a proposed deep retrofit energy efficient project, resulted in a high renovation and 

replacement rate, averaging 1.5% per annum in the high Status Quo scenario. This figure was 

slightly above the aforementioned report prepared by Peter Brett & Greater London Authority 

on ‘the London Office Floor Space Projections’ (2014), which identified an enthusiastic 

renovation and replacement figure (see Table 6.10). The renovation and replacement rates 

within the scenarios are explicitly linked to the implementation and progressive tightening of 

energy efficiency legislation, alongside initiatives that encourage deep energy retrofits up until 

2050.  
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Figure 6.6 Status Quo Scenario – identifying High, Medium & Low sensitivity adjustments  

 

Figure 6.6 identifies the estimated CO2 emissions from new and existing buildings in the event 

of a status quo scenario, as a result of CO2 modelling. The graph utilised exponential smoothing 

techniques in excel, enabling the curves to be presented in a smooth format, removing 

excessive peaks and troughs. The x-axis represents the different years commencing with the 

base year 2015, with the data extrapolated (see explanation under Base Case scenario) to the 

year 2050. The y-axis represents CO2 emissions over the time period (i.e. in the base year 2015 

carbon emissions from the existing building stock amount to 2.86GtCO2). The curve (colour 

coded, representing the three sensitivity adjustments) identifies the CO2 emissions over the 

35year time period (2015-2050), taking into account adjustments identified in Table 6.14. The 

orange trend line indicates the worst possible future, with a low renovation and replacement 

rate, reverting back to pre EPBD regulations (in the event of BREXIT rendering EPBD 

legislation null and void) from 2019 and no requirement to have MEES. The blue trend line 

curve indicates a continuation of current trends (1% average growth rate, current building 

regulations with revisions due 2019, alongside MEES of E from 2018). The green trend line 

curve indicates a higher than anticipated renovation and replacement rate, current building 

regulations with revisions due 2019 and MEES of E from 2018, D from 2025.  
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Figure 6.7 Medium Status Quo Scenario– minimum additional energy efficiency upgrades 

 

Figure 6.7 identifies the estimated CO2 emissions from new and existing buildings in the event 

of a status quo scenario, as a result of CO2 modelling. The medium output identifies 2.50GtCO2 

carbon emissions for the year 2050, which equate to a 12% reduction on 2015 energy demand 

from London’s commercial office building stock. This reduction came about as result of a 

continuation of current renovation and replacement rates, alongside new builds carried out in 

accordance with current or imminent (higher, NZEB) building regulation standards. While the 

introduction of MEES of E, on the DEC label, from 2018 saw an 8% reduction in carbon 

emissions between the years 2023 and 2024, the MEES had minimum impact on the final 

GtCO2 figure. The medium output CO2 emission figure fails to achieve any of the carbon 

reduction targets for transforming into a low carbon economy by 2050. 
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Figure 6.8 Low Status Quo Scenario – no (or regressive) energy management policy 

 

Figure 6.8 visualises the low Status Quo Scenario, in which CO2 emissions are estimated at 

4.10GtCO2 by the year 2050. This figure equates to a 43% increase on the 2015 energy demand 

from London’s commercial office building stock. This increase came about as a result of the 

removal of EPBD regulations (implemented in the UK under Part L- Building Regulations) 

from 2019, alongside a reduction in the renovation and replacement rates. The reduced 

renovation and replacement rate saw a lower than expected renovation rate (VOA, 2015) 

between the years 2015 and 2050. However, higher energy demand per m2 (increasing from 

220kwh/m2 to 316kwh/m2) resulted in an increase in energy demand from new buildings. This 

higher energy demand came about as a result of the UK leaving the EU, which resulted in the 

removal of EPBD regulations for new buildings. Furthermore, no minimum energy efficiency 

standards (Climate Act 2011, revoked) saw a slight increase in energy demand from the 

existing building stock. The removal of energy efficiency policy legislation with respect to the 

built environment, in parallel to low economic growth, resulted in an increase in energy 

demand from the existing and new building stock. The low Status Quo CO2 model saw the 

second highest carbon increase figure of all the assimilated models, by the year 2050, which 

fails to achieve the carbon reduction targets.  
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Figure 6.9 High Status Quo Scenario – progressive energy efficiency intervention 

 

The High Status Quo Scenario simulate model (Figure 6.9) identifies a revised estimate of 

2.21GtCO2 by the year 2050, which amounted to a 23% reduction on the 2015 figure. This 

reduction came about as a result of positive economic conditions and the gradual tightening of 

energy efficient legislation, which saw an increase in the renovation and replacement rates and 

the revisions in MEES legislation. This scenario saw a continuation of current building 

regulations with revisions in 2019 and addition MEES (E-2018, D-2025) from 2025. The 

MEES saw 3% and 12% consecutive energy demand reductions, following its introduction in 

the intervening years. The introduction of MEES saw a reduction in energy demand from 

existing buildings (from 220kwh/m2 to 177kwh/m2), having a minor impact on the final GtCO2 

figure. The high renovation and replacement rate had the greatest influence in reducing energy 

demand, with respect to the existing building stock. In particular, the 1.5% p.a. rate saw high 

energy consuming buildings being demolished and replaced with low carbon alternative (i.e. 

constructed to NZEB standards) buildings, in accordance with MEES, resulting in the largest 

number of renovated or new builds in the Status Quo scenario. For this scenario to become a 

reality, considerable investment or policy intervention is required, to incentivise the energy 
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upgrade of the existing building stock. Going beyond current and anticipated renovation and 

replacement rates (VOA, 2015), up to and beyond 2050. While the high output variation was 

viewed as the scenario that achieves the largest CO2 reduction by 2050, when compared to 

2015 emissions in the Status Quo CO2 model, it fails to achieve the EU’s carbon reduction 

target.  

 

6.3.2.2 Rigid Stagnant City-CO2
 Model 

 

The Rigid Stagnant City scenario was identified by the working group as the ‘worst possible 

future’, where low investment in refurbishment results in the London commercial office market 

having a low ability to adapt to the impact of climate change. In this world, the working group 

felt that the building stock would be subject to regular flooding and seasonal changes, where 

offices become overheated. In this world, international investment moves away from the 

London commercial real estate, as it is no longer seen as competitive, due to the high costs of 

occupying and operating buildings. This results in a slowdown in the renovation and 

replacement of the existing commercial office building stock. The medium Rigid Stagnant City 

scenario identifies a building stock that continues to grow, but at a much slower rate than in 

previous years. The UK leaves the EU, resulting in the removal of EPBD requirements, where 

new builds and the existing building stock are no longer subject to MEES and legislation from 

2019. A high and low sensitivity analysis was applied, with a +0.5 and -0.25 adjustment to the 

renovation and replacement rates, alongside a relaxing (in the case of medium and low 

adjustment) of the building regulations and MEES. This allows for the analysis of future 

uncertainty, assessing the impact that change (to key variables) has on a variety of energy 

demand futures.  

 

Table 6.15 Key variables that influence change in the Rigid Stagnant City-CO2 Model 

 
Renovation 

Rates p.a. Building Regulations MEES 
On-site 
Energy 

Generation 

 

Rigid 
Stagnant 

City 
Scenario 

1.0% p. a 
Current part L 
220kWh/m2   

MEES set at E 
from 2018   

No 
requirement   

High 

0.5% p. a 
Removal of EPBD 

reverting back to 2003- 
316 kWh/m2   

No MEES   
No 

requirement   
Medium 

0.25% p. a 
No building regulation 

requirements  
 No MEES   

 No 
requirement  

Low 
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Table 6.15 includes a summary of the sensitivity analysis adjusted figures, identified as high, 

medium, or low output ranges, which reflect different sources of uncertainty (e.g. relaxing or 

regressive energy efficiency policy). Low identifies key variables that influence change in the 

most pessimistic, high energy consuming future. Medium identifies the removal of EPBD 

legislation, while high identifies the set of variables that does not go beyond existing 

implemented, environmental regulation. The sensitivity analysis provides a variety of output 

figures that take future uncertainty into account in the Rigid Stagnant City scenario, when 

estimating the energy demand and CO2 emissions of London’s commercial office building 

stock, up to and including the year 2050.  

 

 

Figure 6.10 Rigid Stagnant City Scenario - identifying High, Medium & Low sensitivity 

adjustments  

 

Figure 6.10 shows the output CO2 emissions from new and existing buildings in the event of 

the Rigid Stagnant City Scenario. The outline graph (axis, trend line colours, roadmap targets 

etc.) remain the same as in Figure 6.6; however, adjustments are made to the key variables (see 

Table 6.15) that result in differing carbon emission futures. Both the medium and low output 

ranges occur in the event of the removal of EPBD legislation, as well as a reduction in the 

demolition and rebuild rates, from 2019. These two economic and policy interventions, 

alongside the removal of the requirement for MEES, come about as a result of regressive energy 

efficient policy interventions, in the event of worst-case BREXIT scenario, or deteriorating 
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economic conditions. However, the high output range sees a continuation of current Part L 

building regulations, with no new amendments, and MEES set at E, from 2018.   

 

 

Figure 6.11 Medium Rigid Stagnant City Scenario - no (or regressive) energy management 

policy  

 

The medium output identifies a carbon emission figure of 4.10 GtCO2, which is approximately 

44% above the 2015 CO2 estimate. The increase in carbon emissions came about as a result of 

lowering the current renovation and replacement rate, alongside the removal of EPBD 

legislation from 2019. The reduced renovation and replacement rate saw a lower than expected 

renovation rate (VOA, 2015) between the years 2015 and 2050. However, higher energy 

demand per m2 (increasing from 220kwh/m2 to 316kwh/m2) resulted in an increase in energy 

demand from new buildings. 
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Figure 6.12 Low Rigid Stagnant City Scenario - regressive energy policy  

 

The low output identifies a carbon emission figure estimation of 4.49 GtCO2, which amounts 

to an increase of 56% on 2015 carbon emissions. This figure came about because of the worst 

possible renovation and replacement rate of all the four scenarios, alongside the removal of 

Part L building regulations and MEES from 2019. The reduced renovation and replacement 

rate saw a lower than expected renovation rate (VOA, 2015) over the 35-year time period. 

However, higher energy demand per m2 (increasing from 220kwh/m2 to 316kwh/m2) resulted 

in an increase in energy demand from new and existing buildings. 
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Figure 6.13 High Rigid Stagnant City Scenario - not going beyond existing environmental 

regulation  

 

The high output figure estimates a carbon emission figure of 2.86 GtCO2, from new and 

existing building stock by the year 2050, which equates to the same carbon emissions as 2015. 

This carbon emission estimate saw continued renovation and replacement rates in line with 

current trends (VOA, 2015), alongside current Part L building regulations (no revisions in 

2019) with MEES at E from 2018. Similar to the Status Quo scenario, the MEES of E, DEC 

label, from 2018 saw an initial 8% reduction in carbon emissions between the years 2023 and 

2024. However, the MEES had a minimum impact on the final GtCO2 figure. While similarities 

exist between the medium status quo and high Rigid Stagnant City models, they differ with 

respect to advances in Part L regulations from 2019 (in the case of medium Status Quo), which 

produced different CO2 emissions for new buildings and in-turn the final 2050 carbon 

estimates. Considering the 1% renovation and replacement rate and MEES of E, applied from 

2018, the comparable carbon emission figures (2015, 2050) came about as a result of regressive 

or stagnant energy efficient policies, which result in no energy efficiency adjustments to the 

building stock over a 35-year period. All three Rigid Stagnant City sensitive analyses fail to 

achieve the 2050 carbon reduction targets.  
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6.3.2.3 Green Growth CO2
 Model 

 

The Green Growth scenario was identified as the ‘preferred future’ by the working group, with 

high investment in refurbishing the existing building stock. In this future, there is also a positive 

consequence of energy efficient investment, where the building stock adapts to the impact of 

climate change. In the Green Growth scenario, the working group felt that this would result in 

future proofing of the existing building stock, where sustainable buildings are viewed as low 

risk investments, containing productive, healthy employees. The high investment in deep 

energy retrofits and gradual tightening of environmental regulation sees an increase in the 

renovation and replacement rate going beyond current rates (VOA, 2015). However, the figures 

identified in Table 6.16 are in line with growth seen in the previous years of 1988 and 2007 

(ONS, 2011).  The high permutation sees a renovation and replacement rate of 2.9% per annum. 

This figure was obtained upon the completion of a backcasting exercise (or reverse engineering 

to achieve 80% CO2 target reduction by 2050) on the Green Growth scenario, in which 

significant energy efficiency policy intervention occurred, resulting in a deep energy retrofit of 

the existing building stock. A high and low sensitivity analysis was applied, with a +/-0.5% 

adjustment to the renovation and replacement rates, alongside the gradual tightening of the 

building regulations and MEES. This allows for further analysis, assessing the extent of policy 

intervention required, to realise EU 2050 low carbon roadmap targets.  The medium Green 

Growth model incorporates Part L revisions, requiring a minimum of 15% of energy (for all 

new builds or renovations) to be generated from on-site renewable sources. This sees a further 

reduction in carbon emissions in the simulated models, upon completion of the 2040 deep 

retrofit project. 
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Table 6.16 Key variables that influence change in the Green Growth-CO2 Model 

 

 Renovation 
Rates p.a. 

Building Regulations MEES 
On-site 
Energy 

Generation 

 

Green 
Growth 
Scenario 

2.9% p. a 

Current part L @ 220kWh/m2  
Revised to NZEB-123kWh/m2 

from 2019, close to 100% 
carbon neutral from 2025 

reducing to 88kWh/m2 

MEES from 2018 
set at E, DEC & D-

2025,  
C from 2030 

B-2035, A-2040 

20% 
requirement  

High 

2.4% p. a 
Current part L @ 220kWh/m2  
Revised to NZEB-123kWh/m2 

from 2019  

MEES from 2018 
set at E, DEC & D-

2025,  
C from 2030 

B-2035, A-2040 

15% 
requirement  

Medium 

1.9% p. a 
Current part L @ 220kWh/m2  
Revised to NZEB-123kWh/m2 

from 2019  

MEES of E, DEC 
from 2018,  

D from 2025,  
C from 2030 

10% 
requirement  

Low 

 

Table 6.16 includes a summary of the sensitivity analysis adjusted figures, identified as high, 

medium, or low output ranges, which reflects different sources of uncertainty (e.g. changes in 

energy efficiency policy). Low identifies minor intervention going slightly beyond existing UK 

environmental policy. Medium identifies intervention geared at achieving NZEB standards. 

High identifies the list of variables that see buildings built to carbon neutral standards and the 

gradual tightening of MEES towards A, DEC ratings, for the existing building stock.   
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Figure 6.14 Green Growth Scenarios – with high economic growth and gradual tightening of 

energy efficient legislation 

 

Figure 6.14 shows the output CO2 emission curves, identifying carbon emissions from new and 

existing buildings (which includes demolished or deep retrofits) in the event of the Green 

Growth scenario. All three output ranges see the renovation and replacement rates at least 

double, brought about due to a deep energy efficient refurbishment project, or positive change 

in economic growth. This results in 98% of the existing building stock being upgraded by 2040 

and 2045, with respect to the High and Medium outputs, followed by the Low output range, in 

2055. The implication of a high renovation and replacement rate saw significant new builds 

and deep retrofits from 2019. However, in the scenarios where these new builds are not 

constructed to carbon neutral standards by 2025 (in the case of Medium and Low output), the 

simulations fail to achieve carbon reduction target by 2050. The gradual tightening of the 

building regulations with respect to new and refurbished builds, alongside narrowing MEES 

applied to existing buildings, resulted in significant (38% >) reduction in energy demand and 

the lowering of carbon emissions in all three simulations. The Green Growth scenario reflects 

the introduction of legislation that promotes energy efficiency, fuelling the development of a 

low carbon society, boosting investment and employment, alongside economic growth.  
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Figure 6.15 Medium Green Growth Scenario – with economic growth and gradual tightening 

of energy efficient legislation 

 

Figure 6.15 provides a summary of the medium Green Growth carbon emission model, 

estimating a 1.36GtCO2 emission for the year 2050, which saw a -53% reduction on the 2015 

base year CO2 estimate. Similar to the previous scenarios, the introduction of MEES from 2018 

was the main influencer on the final GtCO2 figure, which resulted in a high renovation and 

replacement rate of 2.4% per annum, applied from 2015. The simulation sees the majority of 

the existing (base case) buildings being upgraded (energy efficient intervention) by 2045. This 

consists of a deep retrofit project, where high energy consuming buildings are first targeted 

(legislation, funding, MEES), incentivising deep retrofits to A rated DEC standards. Once 

completed, buildings of medium energy consumptions are then targeted, until the total building 

stock reaches A rated DEC standards. For example, buildings built according to 2016 to 2013 

building regulations (to approx. C+ B- DEC labels) were upgraded to carbon neutral standards 

(A+ DEC labels) after 2025. Research (Roberts, 2008, Long, et al., 2010, Aksamija, 2016) has 

identified low cost interventions that result in retrofitting existing buildings to NZEB and 

carbon neutral standards. Furthermore, the Carbon Trust (2009) identified that the existing 

building stock holds the greatest low-cost opportunity that will contribute to the government 

achieving its legally binding CO2 reduction targets. However, a small proportion of the existing 

building stock will not be able to achieve the low carbon emitting targets (per m2) through deep 

retrofits alone. It is anticipated that this smaller portion of the building stock will need major 
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intervention in the form of complete renovation and replacement with low carbon emitting 

buildings. The criteria for assessing demolition or deep retrofit could be based on a similar 

approach used in the past (green deal, golden rule). However, uncertainty exists on the 

proportion of the existing building stock needed to be demolished versus the proportion that 

can be upgraded through deep retrofits. Previous research (Boardman et al., 2005, SDC, 2006) 

identified figures between 10-40% of the building stock will need to be replaced, with the 

remainder being capable of upgraded through retrofitting to high energy standards. The 

medium Green Growth model sees the majority of the existing building stock either deep 

retrofitted or demolished and rebuilt to low carbon emitting standards by 2045. However, the 

simulation still fails to meet the 2050 carbon reduction target.  

 

 

Figure 6.16 Low Green Growth Scenario – with economic growth and limited MEES 

 

The low output identifies a carbon emission figure estimated at 1.78GtCO2, which amounts to 

a -38% of the 2015 base year emissions. This figure came about as a result of a continuation of 

the tightening of current building regulations, alongside the introduction of MEES from 2018 

(E-2018, D-2025, C-2030). The introduction of MEES had an initial 6.6% reduction on carbon 

emissions between the years 2030 and 2031. However, it had minimum impact on the final 

GtCO2 figure and fails to meet the carbon reduction targets by 2050. The main carbon 
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reductions came about as a result of a higher renovation and replacement rate beyond current 

trends (VOA, 2015).  

 

 

Figure 6.17 High Green Growth Scenario – with economic growth and gradual tightening of 

MEES towards A rated DEC labels. 

 

The high output identifies a revised estimate of 0.85GtCO2 with respect to 2050’s carbon 

emissions, which amounted to a 70% reduction on the 2015 figure. This reduction came about 

because of positive economic conditions or the completion of deep energy efficient retrofit 

project, which resulted in 98% of the existing building stock being upgraded by 2040. The 

introduction of MEES was the main driver for these carbon reductions, which contributed to 

the high renovation and replacement rates. This scenario also included the introduction of 

legislation that saw the gradual tightening of part L building regulations towards being carbon 

neutral by 2025.  
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Figure 6.18 Green Growth Scenarios – with the inclusion of renewables 

 

All three Green Growth simulations (low, medium, high) were assessed further to determine 

the impact of introducing a legal requirement (as part of conditions of planning permission) to 

have on-site renewables, to generate electricity. Every site would have to be assessed 

individually, when determining its suitability for integrating renewable technology. However, 

the high, medium, and low simulations were reassessed to include a 20%, 15%, and 10% 

minimum on-site renewable electricity requirement, respectively, with respect to each scenario, 

new build element. Figure 6.18 identifies a revised figure of 0.48, 1.07, and 1.6 GtCO2, with 

respect to the high, medium, and low simulated carbon emissions for the year 2050, which 

reduced the carbon emissions further by 13%, 21%, and 7%, respectively.  Local authorities 

are starting to include a minimum requirement for on-site renewable electricity as part of the 

conditions for planning permissions, which will inevitably reduce the energy demand and 

carbon emissions of the building stock. The combined intervention (MEES, Part L and on-site 

renewables) resulted in the High Green Growth scenario achieving an 83% reduction in CO2 

emissions by the year 2050, when compared to the base case simulation. 
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6.3.2.4 Greenwash CO2
 Model 

 

The Greenwash carbon emission model reflects upon the current government policy that 

focuses on EPC labels in identifying buildings energy efficiency, design intent benchmarks, 

alongside MEES (Energy Act, 2011) from 2018. Existing legislation requires either a DEC or 

an EPC label to be displayed in a prominent place clearly visible to the public. There were no 

records of the aforementioned 291 DEC labels in the corresponding DCLG database on EPC 

labels. However, the DCLG database contains 248 London air-conditioned, commercial offices 

(office use only, 2008-2015) in which buildings’ individual asset ratings and labels were 

identified.       

 

Table 6.17 Estimated EUI of London commercial offices reported in the EPC register 

 

 

Commercial buildings with a floor area above 1000m2 (revised after 2015, to include buildings 

in excess of 500m2), frequently visited by the public, must display an EPC in a prominent place 

clearly visible by the public. DEC’s are only required in public buildings larger than 1,000m2 

(revised from 2015, to include buildings in excess of 250m2) occupied by public authorities, 

frequently visited by the public, meaning the vast majority of buildings are required to have 

EPC labels only. Despite the majority of the commercial sector’s desire to have mandatory 

DEC’s used as part of the recently introduced MEES (for existing commercial buildings), the 

government has reverted back to EPC labels to provide actions required to comply with the 

EPBD (Gibson, 2013). As can be seen in Table 6.17, labels C, D, and E are the most frequent 

classes when it comes to the energy use intensity of commercial offices within London. This 

is in line with Table 6.6, with respect to DEC labels, where the majority of the existing offices 
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fall within the mid-range energy label. A mean asset rating of 103kWh/m2 (or 51.5 CO2/m
2 

when converted to CO2 emissions) was identified in the same manner to the earlier EUI 

kWh/m2, as summarised in Table 6.9 (i.e. total m2 in each energy range, times kWh/m2). 

However, the data sets were based on an analysis of 248 EPC labels of London based 

commercial offices from the DCLG database. The 103kWh/m2 mean asset ratings identified in 

Table 6.17 represent a 46% underestimate of energy usage, when compared to the earlier Table 

6.9, and a 45% underestimate, when compared to typical energy consumption benchmark for 

existing standard, air-conditioned offices (CIBSE, 2008). 

 

 

Figure 6.19 Greenwash Scenario using EPC data- no additional energy efficient works 

 

Figure 6.19 shows the output CO2 emissions from new and existing buildings in the event of a 

Greenwash scenario (continue reliance on EPC labels to identify energy performance of the 

existing building stock). The key variables that influence change in the Greenwash scenario 

are the same as the medium Status Quo-CO2 model, identified earlier in Table 6.14. Figure 

6.19 visualises the adjustments to the CO2 emissions over the 35year time period (2015-2050).  

The red trend line indicates a continuation of current trends, with an average growth rate (VOA, 
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2015) built in accordance with current building regulations (with revisions due 2019), 

alongside MEES of E from 2018 using data generated from DCLG database, on EPC labels. 

The blue trend line curve indicates the same scenario using data from the CSE website on DEC 

labels, which was generated from monitoring building’s energy performance over a 12-month 

period (same EUI- figures identified earlier in Table 6.9).  

 

Table 6.18 Key CO2 outputs based on Analysis of Greenwash Scenario 

 

 

Table 6.18 provides a summary of the Greenwash carbon emission model, estimating the 

GtCO2 emissions for the year 2050 using key variables identified earlier in the mean Status 

Quo scenario. The medium Greenwash simulation was carried out twice, using two different 

data sources (248 EPC labels sourced in DCLG database, and 291 DEC labels sourced from 

the CSE database), to estimate London’s commercial office energy demand and carbon 

emissions for the year 2015 extrapolated to the year 2050. The medium output using the DEC 

data identifies an existing (for 2015) carbon emission figure of 2.86GtCO2, while the medium 

output, using the EPC data, identifies an alternative figure of 1.34 GtCO2. When both figures 

are compared, the EPC underestimates the 2015 carbon emissions of the existing building stock 

by -46%. Both datasets were extrapolated to estimate the carbon emissions for the year 2050, 

taking into account the same adjustments for both economic conditions and policy changes. 

Table 6.18 summarises the estimated carbon emissions as a result of energy demand from 

commercial offices by the year 2050, using medium output (Status Quo simulation) as 2.50 

GtCO2 when using the DEC data, while the medium output, using the EPC data, identifies a 

figure of 1.44 GtCO2. The simulation that uses buildings’ individual asset ratings (identified in 

the EPC labels) underestimates the in-use energy consumption and carbon emission figures by 
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-58% (when compared to the DEC label database). The original 2015 underestimated carbon 

emission figure of -46% (EPC underestimates same data in DEC datasets) seems to be 

expanded upon over time, increasing as a result of extrapolating key economic and policy 

variables (demolition & rebuild rates, building regulation, on-site energy generation and 

MEES). This may be perceived as greenwashing the energy efficient reality of the existing 

building stock. The 46% and 58% figures were in line with the literature (see section 2.13), 

which suggest that the energy performance in buildings will generally be twice as much as the 

predicted design intent (Bordass et al., 2001). 

 

6.3.3 Comparison of CO2
 Models 

 

The parameter variations described in section 6.2 show the influence uncertainty has on the 

final carbon emissions. The CO2 model simulations identify a variety of different futures and 

the likely outcomes as a result of changing economic conditions and policy intervention. The 

overall carbon emission results were heavily influenced by policy change (MEES, Part L regs., 

on site renewables) in which the simulations assessed their influence on the revised renovation 

and replacement rates. High and low demolition & replacement rates were explored in 

comparison to the baseline scenario, by providing low or high values to the different input 

parameters, alongside amending a variety of building regulation and MEES realities. This led 

to changes in future carbon emission estimates of the building stock, within the 35-year 

timeframe. The overall observation from the CO2 models was that considerable change would 

occur through the introduction of legislation for new builds and setting a MEES for the existing 

building stock. The MEES saw an initial 3%, 12%, and 16% energy demand reduction, 

following its introduction, in the intervening years, when it came to the high Status Quo 

scenario. Furthermore, the introduction of MEES had a significant influence on the final CO2 

emissions, with respect to the High Green Growth scenario. Part L of the building regulation 

standards currently applies to new builds or renovations, with a current renovation and 

replacement rate of 1% per annum (VOA, 2015), which was insufficient to meet the 2050 

carbon reduction targets.  However, combining MEES, part L regulations, and introducing on-

site renewable resulted in the adjusting of existing renovation and replacement rate upwards to 

at least 2.9% per annum (in the High Green Growth scenario), which resulted in the renovation 

of the existing building stock, achieving carbon reduction targets by 2050. The 98% renovation 

rate (Green Growth scenario) saw buildings that were built in 2016 (in accordance with 2013 
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building regulations) being further upgraded to carbon neutral standards from 2025, thus going 

beyond the replacement rate (1%) in 2015. The implications of the CO2 model observations 

were that, while uncertainty exists with respect to future energy demands and in turn carbon 

emissions, intervention is now required to make the existing building stock more energy 

efficient. The gradual tightening of both MEES and Part L building regulations are useful tools 

for setting higher standards. Furthermore, additional support measures are required to 

encourage investment in a deep retrofit project, if the government are to meet its 2050 carbon 

reduction targets.     

 

Table 6.19 Key CO2 outputs based on analysis of the CO2 models 

Outcome in 

2050 

Renovation 

Rates p.a. 

CO2 +/- on 

base case 

Key Influences  Roadmap 

Target (80% 

reduction 

on base 

case date) 

Sensitivity 

Adjustment 

Status Quo 

Scenario 

1.5% p. a 
-23% 

reduction 

Demolition & 

Replacement 

Rates 

None 

Achieved 

High 

1.0% p. a -12% 

reduction 

Build regs tighten 

& MEES to C by 

2030 

Medium 

0.5% p. a +43% Increase Demolition & 

Replacement 

Rates 

Low 

Rigid 

Stagnant City 

Scenario 

1.0% p. a 0 change 
Current regs & 
MEES at E from 

2018 

None 
Achieved 

 

High 

0.5% p. a +43% Increase Demolition & 

Replacement 

Rates 

Medium 

0.25% p. a +56% Increase Low 

Greenwash 

Scenario 

1.0% p. a -12% 

reduction 

Use of different 
data source 

None 
Achieved 

 

Medium 

1.0% p. a 
-51% 

reduction 

Medium 

Green 

Growth 

Scenario 

2.9% p. a -83% 

reduction 

Demolition & 

Replacement 

Rates 

Meets EU’s 

2050 

Targets 

High 
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2.4% p. a -62% 

reduction 

(came about as a 

result of MEES 

Part L & on-sire 

renewable 

revisions) 

None 
Achieved 

 

Medium 

1.9% p. a -42% 

reduction 

Low 

 

Table 6.19 summarises the output of the different simulated models, as discussed in section 

6.3. While some of the models have similar renovation and replacement rates - for example, 

both the medium status quo and high rigid stagnant city scenarios have 1% per annum - changes 

in building regulations and MEES result in differing carbon emission futures. The models 

identify that a minimum target of 3% per annum (2.9% in High Green Growth scenario, 

rounded up to 3%) renovation and replacement rate is now required if the 2050 carbon 

reduction targets are to be met.  

 

6.4  Chapter 6 Summary 

 

Chapter 6 explored the four alternative futures of energy demand in London’s commercial 

office building stock. These futures were developed to identify an optimised low carbon 

emitting-built environment, as well as inform stakeholders on the effort required to obtain a 

low carbon future. This was achieved through the development of an CO2 model that simulates 

the impact of deep retrofits, and energy efficient policy changes.  

 

The analysis estimated an energy consumption/CO2 emission for London’s commercial offices 

of 220kWh/m2 or 109.43 kgCO2/m
2/y (totalling 5.7GWh or 2.86GtCO2). If the existing 

building stock were to be revised to an operating rating (DEC certified) of A1, there is a 

potential to reduce energy demand from London’s commercial office building stock by 83%.  

The CO2 model identified that a minimum target of 3% per annum renovation and replacement 

rate is now required if the government’s 2050 carbon reduction targets are to be met. The 

simulations find that current renovation and replacement rates will not be sufficient for this 

adjustment; thus, it will be necessary to provide incentives for more frequent and ambitious 

deep energy retrofits targets beyond current levels. The CO2 model led to the identification of 

a ‘desired future’ under the High Green Growth scenario. The scenario identified the minimum 

economic conditions and policy interventions required to drive towards (see Figure 6.18) a 
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carbon neutral building stock. Political actions and stakeholder interventions are also required 

to increase renovation rates and boost renovation activity. 

 

The Greenwash scenario identified shortfalls on relying on individual asset ratings (EPC 

labels), as even with the introduction of MEES an underestimate of the in-use energy 

consumption and carbon emission figures by -58% was apparent (when compared to the DEC 

label database). This may be perceived as greenwashing the energy efficiency reality of the 

existing building stock.  The main strength of the CO2 modelling was to develop an 

understanding of the scale of interventions now required and to assess the effectiveness/impact 

of using differing energy labels, as well as reviewing different policy intervention measures. 

This was achieved through simulating existing and proposed legislation changes (Part L 

building regulations, MEES), a variety of different economic conditions, and comparing 

DEC/EPC data labels, to assess future uncertainty in the output of CO2 carbon emissions.  

 

Chapter 7 presents the main research output namely the conceptual framework on how to 

achieve the High Green Growth scenario or desired low carbon future. 
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Chapter 7 

Framing the conceptual framework that realises a low carbon London commercial 

office building stock 
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7.1  Introduction  

 

Chapter 6 explored the working group’s alternative futures, assessing the feasibility of each 

scenario achieving the anticipated CO2 emission reduction target of 80% by the year 2050. The 

preceding chapter described the development and analysis of the alternative futures through 

the construction of a CO2 model, which identified the energy demand and carbon emissions 

associated with London’s existing, commercial office building stock. The model was then 

expanded upon through the adjustment of key variables, where the working group alternative 

scenarios (Status Quo, Rigid, Stagnant City, Green Wash, and Green Growth) were assessed 

based on adjustments for future uncertainty. These variations fed into the model, estimating 

the anticipated energy demand and CO2 emissions attributed to each future by the year 2050. 

In doing so, the High Green Growth-CO2 model emerged as having the greatest potential to 

reach the necessary carbon reduction target by 2050. This quantitative analysis concluded that 

a significant investment was needed in energy efficient upgrades of the existing building stock, 

for this High Green Growth future to be realised. 

 

This chapter brings together consensus reached during the working group workshop, alongside 

the aforementioned quantitative analysis of London’s commercial office energy demand and 

carbon emissions, in order to establish how the desired future can be realised. This was 

achieved through the development of a long-term strategy for encouraging investment in 

energy upgrades of the existing commercial office building stock. This was realised through 

reflecting upon the ‘specific actions needed to be taken by stakeholders’ identified as part of 

working group discourse (see Table 5.2, chapter 5), alongside a ‘backcasting’ exercise, to 

determine what actions are required to realise the desired future. The specific actions were 

based upon reflection on the High Green Growth CO2 model, in which policy variables 

(demolition & replacement rates, building regulation, on-site energy generation and MEES) 

were assessed to determine the steps needed to realise the necessary carbon reduction targets. 

These different steps (or measures) were linked to the EU’s low carbon economy roadmap’s 

CO2 reduction trisect milestones targets of -40% by 2030, -60% by 2040, and -80% reduction 

by 2050. This chapter and the developed framework are conditioned based upon the in-depth 

qualitative and quantitative assumptions made in the previous chapters. In addition, feedback 

is conditioned based on opinions of six experts, with an understanding of different stakeholders 

priorities, when it comes to the energy upgrade of London’s existing commercial office 
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building stock. This consisted of going back to the original working group (see section 4.3.2, 

& Table 4.3) for feedback on the developed conceptual framework. One participant (Carbon 

Trust representative) from the original working group was not available to attend however, a 

Principal Policy and Programmes Officer from the Greater London Authority agreed to partake 

in the feedback discussion instead. 

 

 

Figure 7.1 Structure Overview of Chapter 7 

 

Figure 7.1 provides a pictorial overview of the different sections that make up chapter 7. 

Section 7.2 commences with the framing of the conceptual framework using a variety of 

backcasting exercises in the areas of policy change, funding sources, and timelines developed. 

Section 7.3 reflects on the working group’s specific actions required to achieve the desired 

future, assessing the impact of policy levers, alongside assigning future stakeholder 

responsibilities. Section 7.4 summarises the framing and specific actions as part of the 

conceptual framework through the recommendation of consolidation of regulation, spending, 

financial incentives, and information & advocacy initiatives. Finally, section 7.5 summarises 

feedback on the developed model and conceptual framework as an authorising exercise in 

validation and further refinement of the research findings.  
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7.2 Framing of the Conceptual Framework 

 

Maxwell (2005) identifies that conceptual frameworks are constructed, not found, and 

incorporate a variety of sources as part of their development; however, they are always 

structured and overall cohesive. In the research case, the framework was based on exploratory 

research (literature, working group discourse, analysis of the High Green Growth CO2 model), 

as opposed to other sources (experiential knowledge, existing theory, thought experiments). As 

Maxwell (2005) and Ravitch & Riggan (2011) identify the unique process of developing a 

conceptual framework for each study, specific guidelines on how to develop each are not of 

much use. However, Maxwell (2005) recommends the integration of different components with 

one another and that the conceptual framework should link back to solving research questions, 

aim, and objectives. 

  

 

Figure 7.2 Consolidation of research methods to develop the Conceptual Framework 

 

Both backcasting of the High Green Growth CO2 model and analysis of the specific actions 

recommended by the working group were used in the development of the conceptual 

framework, as illustrated in Figure 7.2. The EU roadmap timelines were used to link the 
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different research methods, which resulted in a complex layering of information, designed to 

demonstrate the timing and actions needed to meet the 2050 carbon reduction target.  

 

7.2.1 Backcasting-Policy Change 

 

Future research methodologies such as visions and forecasting are generally based on trends 

(Van der Heijden, 2000; Popper, 2008; Habegger, 2009). However, Robinson (1988) and 

Dreborg (1996) identify that trends are unlikely to contribute to solutions that include the 

breaking of current trends, as built into a system. It was for this reason that backcasting was 

introduced at this stage of the research, as it does not focus on assessing what futures are likely; 

however, it focuses on how to attain the desired future. This involved framing the High Green 

Growth CO2 model, assessing how this future was obtained i.e. working backwards from this 

future (end point-2050 where carbon targets are met) to the present (2015, current energy 

demand) to determine the extent of intervention (e.g. policy change) required to reach this 

desired future. The backcasting planning method focused on the High Green Growth CO2 

model, as opposed to the alternative working group futures (status quo, rigid stagnant city, 

greenwash scenarios), as this scenario was designed specifically to meet the working group 

recommended 2050 low carbon targets. The key variables that influence energy consumption 

& CO2 emissions for both the base case (start point) and High Green Growth CO2 models (or 

end point) are summarised in Table 6.19. This section focuses on intervention measures (when 

compared to the status quo continuum), and the steps taken that have resulted in the simulation 

(High Green Growth CO2 model) achieving the desired low carbon future. 

 

Figure 7.3 CO2 reduction achieved in the High Green Growth CO2 model 
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Figure 7.3 provides a visual representation of the start (2.86GtCO2) and end points (0.57 

GtCO2) of the High Green Growth simulated model, identifying the scale and effort required 

to meet the 80% carbon reduction targets. The existing building stock must reduce its 

dependency on fossil fuels that emit high carbon dioxide by 2.29GtCO2, becoming 80% more 

energy efficiency over the intervening 35 years. While energy demand may increase as a result 

of occupier and end user demands - for example, connectivity (internet, broadband) and 

technology advances associated with obtaining wellbeing certification (optimum indoor air 

temperature, lighting, space heating, hot water requirements) - the focus was on reducing 

carbon emissions per m2. In reality, this means reducing the average carbon emissions from 

110kgCO2/m
2 to 88 kgCO2/m

2. The existing DEC data register identifies that average buildings 

will need to improve by four ratings from E to A labels if these ambitious targets are to be met. 

While existing property will have to be reviewed individually, several research projects 

(Gvozdenović, 2014; Zangheri et al., 2017; Rynska et al., 2018) have identified frameworks, 

best practices, and energy efficient intervention measures on how to upgrade existing buildings 

to NZEB standards. Generally speaking, most research projects (based on case study analysis) 

identify that energy efficiency fabric improvements can reduce CO2 emissions in the range of 

25-45%, with on-site renewables reducing this figure by a further 25-35%, with the remainder 

coming from optimum in-use performance and carbon neutral initiatives (Gvozdenović, 2014; 

Zangheri et al., 2017; Rynska et al., 2018). These research projects identify interventions in the 

form of investing in renewables, fabric upgrades, on-site renewable electricity generation, and 

the purchase of equipment that reduces carbon emissions below 15kgCO2/m
2. If implemented 

to NZEB standards, these upgrades can go well beyond the 88 kgCO2/m
2 requirements set in 

the High Green Growth simulated CO2 model, setting a minimum requirement for offices and 

the non-residential building stock.    

 

As identified earlier, once both the start (existing energy demand & CO2 simulation) and 

endpoints (80% reduction in existing CO2 emissions) were identified, the pathway towards 

change had to be framed within the context of EU low carbon roadmap targets or trisect 

milestones of -40% by 2030, -60% by 2040, and -80% reduction by 2050. Locke et al. (2006) 

and Grant (2012) identify the benefits of setting goals and achievable targets, as it provides 

direction, sets a clear focus, alongside motivating all stakeholders towards achieving change. 

These principles were applied to the conceptual framework where policy makers and 
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stakeholders can assess the effectiveness of intervention measures (after a short time period), 

alongside making adjustments depending on outcomes.  

 

  

Figure 7.4 Summary of High Green Growth trisect milestone targets 

 

Figure 7.4 summarises the High Green Growth scenario, where the simulated future energy 

demand and carbon emissions for London’s commercial offices are linked to the EU low 

carbon roadmap targets or trisect milestones. Figure 7.4 identifies a framing for the conceptual 

framework on which specific actions or carbon reduction targets were set against a specific 

timeframe. These targets were linked to intervention measures (i.e. the tightening of part L 

building regulations for existing buildings and MEES for existing building stock, and on-site 

renewables) as a means of gradually reducing the energy demand and carbon emissions of the 

building stock. The gradual reduction of carbon emissions and increase in energy efficiency 

measures, as opposed to instant reductions, was in line with all national and international 

environment policies (i.e. UK Carbon trading and the Climate Change Act, 2008; EU Pathway 

to a Low Carbon Economy, 2011) incorporating phased targets. Figure 7.4 identifies the final 

2050 carbon target of 0.57 GtCO2 or 1.14 GWh, which is equivalent to an 80% reduction on 

the original base case (2015) figure of 2.86 GtCO2 or 5.7GWh. Intervening trisect milestones 

were incorporated within these timelines.  

 

The High Green Growth CO2 model quantified several of the working group recommended 

actions identified earlier in Table 5.2. This CO2 energy demand model was used to simulate 

the impact quantitative (i.e. adjustments to demolition & replacement rate, the tightening of 

building regs., MEES, on-site renewables) as opposed to qualitative (raising awareness of 

energy efficiency, education initiatives, wellbeing assessment) recommendations have on 

future energy demands. This section focuses on these quantitative recommendations, assessing 

the extent each had on lowering energy demand and carbon emissions. Furthermore, this 



  

257 

 

section assessed the extent that combining these recommendations had on meeting both trisect 

milestones and the final carbon reduction targets. In doing so, this section validates the 

sequence of actions (or steps) needed to drive change towards energy efficiency and carbon 

reduction, linking actions needed to a timeframe in constructing the conceptual framework.  

 

The first working group recommendation to be assessed was the impact that gradual tightening 

MEES from E towards A rated energy labels had on the final energy demand. The High Green 

Growth CO2 simulation commenced with the introduction of MEES of E labels from 2018 in 

line with the Energy Act, Private Rented Sector Regulations (2011). However, it differs from 

the primary focus on DEC performance-in-use labels, as opposed to design intent EPC labels. 

Furthermore, the simulation goes beyond the anticipated MEES in assessing the impact of 

gradually tightening standards towards A rated DEC labels. This saw further MEES in 2025 

set at D rated DEC labels, C by 2030, B by 2035, and A by 2040. This phased tightening of 

MEES saw an initial 6% reduction in energy demands from the existing building stock in 2018, 

which further reduced to 26% by 2025, 37% by 2030, 53% by 2035, and 86% by 2040. 

However, these figures were reduced significantly when energy demands from new builds (to 

NZEB & carbon neutral standards) were added from 2018, as summarised in Table 7.1. Table 

7.1 identifies the impact each MEES had on energy demand and CO2 emissions over the 35 

year time period.   

 

Table 7.1 Impact gradual tightening of MEES had on the CO2 Simulated Model 

 

 

Table 7.1 identifies the impact MEES had on energy demand and CO2 emissions in the 

simulated energy model over the 35 year time period. The gradual introduction of tightening 

MEES holds a significant potential to reduce the energy demand of existing buildings. 
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However, when new builds, built from 2018, are taken into account, the overall impact reduces 

to 45% lower carbon emissions (when compared to the base case) by the year 2050, which 

significantly falls short in reaching the working group’s carbon reduction targets. It was noted 

that the gradual tightening of MEES standards from an E to A DEC rating for all London 

commercial office properties failed to achieve the required carbon reduction targets by the year 

2050. 

 

The second working group recommendation to be assessed was the impact that the gradual 

tightening of part L building regulations had on reducing energy demand and carbon emissions. 

Part L regulations are applicable to all new builds, rebuilds, additional floor areas, or works in 

connection with material change of use. It was for this reason that the simulated model was 

divided into new and existing building stock, as not all builds are subject to these regulations. 

The High Green Growth CO2 model introduced new regulations to NZEB standards from 2019, 

which gradually tightened to carbon neutral standards from 2025. 

  

Table 7.2 Impact gradual tightening of Part L building regulations had on the CO2 Simulated 

Model 

 

 

The EC published guidance on NZEB standards for offices (EU 2016/1318) which see the 

typical primary energy consumption regulations of new builds revised from 220kWh/m2 to 

123kWh/m2 from all new or extended buildings from 2019. These standards were reflected in 

the CO2 model, with revisions to the energy demand of all new or replaced buildings from 2019 

representing the tightening of Part L (TGD) standards and revisions in the building regulations. 

The regulations were further tightened to 88kWh/m2 or carbon neutral standards (James, 2015) 

from 2025, which saw a continuation of the reduction in energy demand and CO2 emissions, 

as illustrated in Table 7.2. Similar to Table 7.1, Table 7.2 sees a significant reduction in energy 

demands from the existing building stock in the year 2040 as a result of the introduction of 
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MEES to A rated DEC labels. However, this reduction was reduced by 5% between the years 

2040 to 2050 as a result of the high rate of renovation and replacement and energy demands 

from new builds.   

 

The third working group recommendation to be assessed as part of the simulated model was 

the impact of introducing a mandatory requirement to have a minimum of 20% on-site 

renewable energy generation, for all new builds for 2019.  

 

Table 7.3 Combined Impact the gradual tightening of MEES, Part L and introduction of 

minimum on-site renewables had on 2050 simulated Energy Demand model 

 

 

 

Table 7.3 summarises the combined impact the gradual tightening of MEES to A DEC labels 

by 2040, tightening of Part L Building Regulations towards carbon neutral by 2025, alongside 

the introduction of a requirement to have 20% on-site renewables from 2019. The simulated 

High Green Growth CO2 model identifies that the tightening of these regulations results in both 

2040 and 2050 targets falling short (by 4%) on reaching the 2030 carbon reduction targets. 

These figures were based on continuous simulation and adjustment of introductory (MEES & 

Part L and onsite renewables) dates until the 2050 carbon reduction targets were achieved. 

Chapter 6 concluded that the introduction of the above policy changes resulted in a demolition 

and replacement rate of 2.9% per annum. This was the minimum adjustment required for the 

UK’s existing building stock to play its part in meeting 2050 80% carbon reduction targets. 

Upon reflection, it was noted that the annual demolition and replacement rate could be adjusted 

slightly to allow the CO2 model to meet each of the EU roadmap targets and, in doing so, 

provide a framework where the working group’s 2050 carbon reduction targets are met. An 

example of one such adjustment is the early introducing of MEES of C, DEC labels from 2029, 
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as opposed to 2030, alongside the earlier introduction of carbon neutral standards from 2020, 

as opposed to 2025, which if implemented, achieves the 2030 carbon reduction target. Figure 

7.4 provides a summary of the backcasting exercise, identifying the steps needed for the High 

Green Growth CO2 model to become a reality. 

 

Table 7.4 Backcasting of the CO2 High Green Growth model, identifying regulatory 

framework needed to achieve 2050 carbon targets 

   

 

For this future to transpire, both policy and economic interventions are now required to drive 

MEES and upgrade the existing building stock. The simulation anticipates that 98% of the 

existing buildings will need some sort of energy efficiency intervention if the government are 

to meet its 2050 carbon reduction targets. Figure 7.4 identifies the regulatory framework 

intervention needed to upgrade the existing commercial office building stock from its current 

position of emitting an estimated 2.86GtCO2 carbon emissions to 0.57GtCO2 or less. The 

existing DEC data register identifies that average buildings will need to improve by four 

ratings from E to A labels, if these ambitious targets are to be met. This >80% reduction in 

carbon emissions could only be achieved through the upgrading of the existing building stock. 

The EU roadmap provides a timeframe link that includes trisect milestones, to access concrete 

action when reviewing progress, allowing for readjustments to the simulated model, alongside 

assessing the impact of policy intervention, on both a long and short-term basis. 

 

The wide variation, in commercial office buildings, can have an impact on both potential 

solutions and cost measurers when it comes to upgrading the existing building stock. This was 

reflected in the proposed revisions to Part L building regulations from 2019 to 2050. Part L 

revisions propose an aggregate approach to deliver a 60% improvement in the most cost-

effective way. The impact of gradual tightening of the building regulations towards carbon 
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neutral standards from 2025 sees a 60% improvement (energy efficiency & CO2 emission 

standards) in all new builds, no matter type, shape, or heating system installed. This was also 

the case for MEES, with respect to the existing building stock, where legislative changes result 

in a simulated reduction (E- of 220kWh/m2 to A of 31kWh/m2) of >80% in energy demand. 

This reduction was achieved through the gradual introduction and tightening of MEES, which 

saw improvements, no matter the building type, shape, orientation, size, operating system; 

similar to measurers introduced under the Energy Act 2011. The building regulations also 

provides a mechanism for incorporating a requirement to have on-site renewables for new 

builds and renovation works (as part of planning & building control consent), which reduces 

the final energy demand further. Commercial offices offer large roof areas and unobstructed 

facades for solar panels and can play a critical role in launching community heat or energy 

networks due to their high energy demands. The non-domestic sector has higher energy 

demand per building when compared to the residential buildings, so they demand large scale 

solutions, driven by government intervention, alongside stakeholder initiatives.  

 

The High Green Growth scenario requires a higher level of demolition and replacement than 

that experienced in the last 30 years. The working group identified that government 

intervention in the form of energy upgrades are now required with respect to the high energy 

consuming existing building stock, through incentives and long-term planning to make the 

process economically viable as well as technically feasible.  The working group felt that 

economic incentives are needed to fill the gap between the cost of carbon reduction measures 

(technology, services, fabric upgrades, renewables) in comparison to conventional methods of 

maintenance/upgrade works. Long term planning (see later section 7.3) is now needed to 

provide the necessary market and infrastructure for these energy upgrade measures. 

 

7.2.2 Backcasting-Funding Sources 

 

Section 7.2.1 identified a legislative pathway towards an energy efficient building stock, which 

places a legal obligation on both occupiers and landlords (subject to existing lease covenants) 

to upgrade their property portfolio to meet the relevant (proposed) legislation. The working 

group recommended the introduction of several support measures in the form of return on 

investment initiatives, to drive change towards reaching 2050 carbon reduction targets (see 

Table 5.2). This section reflects on these recommended support measurers, in order to provide 
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additional framing to the conceptual framework, in the form of assessing funding sources and 

providing return on investment in energy efficiency initiatives. In doing so, this section adds 

an element to the framework that helps to share the burden of the initial high upfront costs 

associated with investing in energy efficient deep retrofits. This involved a continuation of the 

backcasting exercise, assessing the costs associated with achieving the High Green Growth 

scenario i.e. working backwards from the total cost (end point-where 2050 carbon targets are 

met) to the present (2015, current energy demand) to determine the extent of interventions 

required. This allowed for a cost estimate of the effort required to achieve change, which was 

then linked to funding sources, alongside EU low carbon economy roadmap targets.     

 

Detailed capital costs (per m2) were applied to the High Green Growth CO2 model, to quantify 

the costs associated with the energy efficient upgrade of the existing building stock to A rated 

(or NZEB) energy standards. The High Green Growth model identifies a combined renovation 

and replacement rate of 3% is needed if the 2050 CO2 reduction targets are to be achieved. 

Uncertainty exists on the percentage of offices that will need to be renovated versus the 

percentage that needs to be replaced. Johnston, et al. (2005) identify that large scale CO2 

reductions (in excess of 80%) can be achieved without recourse to large scale demolition of 

the building stock by 2050. Furthermore, Power (2008) identifies the benefits of investing in 

deep energy retrofits in comparison to demolition and rebuild (i.e. lower embodied energy, 

lower construction time & costs), and that retrofits are possible in most circumstances.  

However, the majority of the existing commercial office building stock in London were 

constructed in the 1960’s or between the wars (Geoinformationgroup UK) and uncertainty 

exists on whether all these buildings can be updated in accordance with the High Green Growth 

model. The UK Green Building Council (UKGBC, 2007) estimate that a 30% demolition rate 

(at best) is needed if the government is to meet their 2050 reduction targets and for all buildings 

to achieve net zero emissions. This was in line with research by Boardman et al. (2005) and 

SDC (2006) that identified figures between 10-40% of the building stock will need to be 

replaced, with the remainder being capable of achieving upgrade through retrofitting, to high 

energy standards. 

 

The capital costs estimate to upgrade the existing building stock, are based on a detailed 

literature review (cost models, case study analysis, industry journals) of previous research that 
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quantify costs based on standards set in the conceptual framework (deep retrofits or demolished 

and rebuilt to NZEB standards).  

 

Table 7.5 Previous research that estimates a cost to deep Retrofits/Demolishing & Rebuild 

Commercial Offices 

 

Research Overview Additional Info £Cost per m2 
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Grocott & 

Burgers 2016 

Cost module developed 

on behalf of CIBSE 

category A deep retrofit 

in central London 

Case study 

achieved 

BREEAM 

excellent rating 

and Part L 

compliance  

(NIA of 

14500m2) 

294.58 

NIA of 20,000m2 480.32 

CIBSE 

Journal 2016 

Office building central 

London 

Upgrade from 

DEC reading of G 

to D, 

BREEAM 

excellent rating 

(37,400m2) 

255.13 (top 

two floors) 

(Bleyl, et al., 

2019) 

1960’s office building 

upgraded to passive house 

standard in Germany in 

2011 

 330 euro m2 

Or 

£295m2 

(Economidou, 

et al., 2011) 

Average cost to carry out 

Deep renovations  

 330 euro m2 

or 

£295m2 

Average cost to renovate 

to NZEB standard 

 580 euro m2 

Or 

£520m2 

(SCSi, 2018) Cost to construct offices 

to NZEB standards 

 2.0-2.5% 

addition to 

new build 

costs 
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Statista 

(statista, 

2018) 

Average office 

construction cost per m2 

 £2600-

3600m2 

BICIS Old 

Kent Road 

London 

Cost to demolish and 

rebuild to BREEAM 

 £2958m2 
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Table 7.5 identifies previous research that estimates a cost range from £294 to £520 per m2 to 

achieve deep retrofits (to NZEB standard) with respect to existing commercial offices. The 

renovation and replacement cost ranges from £2,600 to £3,600 per m2. The cost model uses a 

figure of £410 per m2 with respect to deep energy retrofits, alongside a figure of £3,100 per m2 

for the renovation and replacement building stock. A 30% demolition and replacement rate was 

applied to the model in accordance with the recommendations of the UK Green Building 

Council report (Council, 2007). These figures were based on costs to upgrade the existing 

building stock to NZEB standards, in accordance with the simulated High Green Growth 

model, which includes materials, labour and all associated buildings works. However, the cost 

estimates do not include VAT, professional fees, financial costs, or costs associated with the 

new building stock. The Carbon Trust (2009) highlight that the typical economical life of 

building services within commercial offices amounts to between 15-20 years, meaning few, if 

any, pre-1980 built buildings would be running their original service installations. Most 

occupied buildings would therefore be running systems with greater efficiencies due to 

subsequent refurbishment or upgrades.  

 

Table 7.6 Estimated Capital Costs to upgrade Existing Building Stock in line with High 

Green Growth Scenario 

 

 

Table 7.6 represents an estimate of the capital costs associated with reducing energy 

consumption and CO2 emissions of London’s ‘existing’ commercial office building stock, 

from 2.86GtCO2 to 1.57 GtCO2 (or 45% reduction in CO2 emissions), as identified within the 

High Green Growth scenario (see Table 7.1). The remaining costs associated with new build 

Renovation & 

Replacement  

(30%)

Deep 

Retrofits 

(70%)

30% of 

M2*£3100

70% of                    

M2 *£410

A 626271 582432474 179739914 762,172,388£          

B 1342010 1248069588 385156959 1,633,226,546£      

C 5546976 5158687629 1591982096 6,750,669,725£      

D 5457509 5075482990 1566304966 6,641,787,955£      

E 5457509 5075482990 1566304966 6,641,787,955£      

F 5368041 4992278351 1540627835 6,532,906,186£      

G 2236684 2080115979 641928265 2,722,044,244£      

Total 26035000 31,684,595,000£    

Cost Per m2 1,217£                       

Total £M2
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construction and on-site renewables are assumed to be incurred as part of general financial 

planning.  These figures were based on a quantitative analysis of the High Green Growth CO2-

model (based on similar office deep retrofits/demolishing & rebuild projects), alongside cost 

estimates, to upgrade or improve building stock within each label range, within existing 

occupied commercial office buildings. The costs estimate amount to £31,684,595,000 (£31.6 

billion) or £1,217 per m2 to upgrade London’s existing commercial office building stock, to A 

energy rated labels (NZEB standards) by 2040. This high-level estimate was in connection with 

upgrading the existing stock only; additional capital cost to construct new buildings and the 

capital costs associated with upgrading energy sources and infrastructure were excluded from 

this figure.  

 

Table 7.7 Backcasting the estimated Capital Costs to upgrade each energy range, in line with 

High Green Growth Scenario 

 

 

 

Table 7.7 provides an overview of the estimated cost associated with upgrading the existing 

building stock to reach a MEES of an A rated label (and NZEB standards) in accordance with 

aforementioned timelines. It was noted that the majority of the costs were associated with 

upgrading the existing building stock from F to B labels between the years 2018 to 2035. This 

was a result of the energy demand profile of the existing building stock. Once the cost estimate 

to reduce the energy demand of the existing building stock was appraised, the next step was to 

identify methods of funding such a project. 

 

The working group identified sources of finance as a specific action required to aid investment 

in an energy efficient refurbishment projects. Several government initiatives such as the ‘Green 

Deal’ and ‘Carbon Reduction Commitment (CRC), and Efficiency Scheme originally 

incorporated funding mechanisms for energy efficiency upgrades. However, following a 

Energy Label
% of 

Costs

Costs to upgrade       

(£ Billion)

2040 A 2% 31,684,595,000£    

2035 B 5% 30,922,422,612£    

2030 C 21% 29,289,196,065£    

2025 D 21% 22,538,526,340£    

2023 E 21% 15,896,738,385£    

2018 F 21% 9,254,950,430£      

G 9% 2,722,044,244£      
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comprehensive spending review, the government decided that these funding mechanisms 

should be abolished (see comments regarding recent developments where the Green Deal 

Finance Company (GDFC) has started to fund energy upgrades below). Both the UK Green 

Council representative and property manager identified (during the working group discourse) 

the possibility of introducing a carbon tax in line with kgCO2 emissions for the non-domestic 

building stock.  This tax figure could be ring-fenced for energy efficient upgrade works and 

possibly help kick-start a green finance programme. A carbon tax exists under the Climate 

Change Levy (CCL, 1st April 2012), which is a levy charged on all taxable commodities 

supplied for building occupancy such as lighting, heating, and power purposes in the industrial, 

commercial, agricultural, and public service sectors. This includes tax on natural gas and 

electricity, which amounts to occupancy costs charged to the tenant. The tax rate of CCL for 

natural gas and electricity equates to 0.193p per Kilowatt hour for gas, and 0.554p per Kilowatt 

hour for electricity (CCL, 1st April 2015). However, when compared to natural gas and 

electricity costs of 3p per Kilowatt hour for gas and 12p per Kilowatt hour for electricity (CCL, 

1st April 2015), the CCL carbon tax figure amounts to 6% and 4% or a combined tax figure of 

10% of the consumption costs. This low tax (averaging 10%) provides little incentive to reduce 

consumption through energy efficiency intervention. Table 7.8 estimates the carbon tax needed 

to fund the costs associated with upgrading the existing building stock in line with the High 

Green Growth model. 

Table 7.8 Backcasting of the carbon tax needed to fund the High Green Growth Scenario 

 

Table 7.8 identifies that a minimum tax of .59p per kgCO2, applicable to all sources of carbon 

emissions from buildings (electricity, gas, oil, etc.) is now required if the High Growth CO2 

model is to operate on a self-funded basis. This figure excludes any direct taxes or sources of 

funding to local government. The model was continuously adjusted (+/- pence per kgCO2) until 

the minimum tax figure equated to at least £31.6 billion, representing the cost estimate to 



  

267 

 

upgrade the existing building stock to MEES of A rated label. The total amount (£31.6 billion) 

is needed by the year 2040 to upgrade the existing building stock to A rated labels in accordance 

with the High Green Growth model. The initial figure of 0.59p was revised upwards to 0.69p 

per kgCO2 to accommodate the front loading of deep retrofits needed to meet the 2050 carbon 

reduction targets. This approach incorporates an element of self-funding, where consumers 

(occupiers/owners) of high carbon emitting property fund the capital investment in energy 

efficient improvements, as part of the conceptual framework. It was envisaged that this tax 

should be collected by London’s local authority and ring-fenced for energy efficient upgrade 

works (loans, support, tax reductions), which could significantly contribute towards energy 

efficient refurbishment projects within the London area.  

 

Additional sources of green funding include ‘salix finance’, which provides interest free loans 

to the public sector to improve energy efficiency alongside the £10 billion UK, International 

Climate Fund. The Green Deal Finance Company (GDFC) have also recently (May 2017) 

started funding loans, and high street banks such as Lloyds Bank (green lending initiative) have 

introduced £1bn in discounted loans specifically for investing in and improving energy 

efficiency. Any funding mechanism should, however, incorporate control measures that focus 

on emission saving opportunities, alongside assessing the possibility of an interest rate linked 

to achieving carbon reductions. Additional control measures (identified earlier in Table 5.2) 

include a green lease agreement, where landlords and tenants are obliged to work together to 

reduce the CO2 emissions of the building. Organisations that obtain such funding should also 

be provided with energy efficient advice in the form of an independent assessment of their 

property, in order to overcome any remaining knowledge barriers, when it comes to upgrade 

works and carbon management procedures (similar to the RE:FIT programme). Both funding 

and policy can be linked through a reliance on independent certified building in-use 

performance (DEC labels), where high energy consuming labels (DEC of D, E, F, G) are used 

as targets for interventions such as refurbishment obligations and financial support. And also 

where policies are targeted at buildings with the lowest energy performance, ensuring the least 

efficient buildings are upgraded first.  
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7.2.3  Backcasting-Timelines 

 

The analysis and backcasting exercises evaluated, to date, assessed the impact a mixture of 

policy instruments and funding sources had on the energy demand simulation of London’s 

commercial office building stock between the years 2015-2050. The High Green Growth CO2 

model simulated conditions under which the working group carbon reduction targets were met. 

This section links the different initiatives together through the incorporation of a time horizon 

connected to the carbon reduction targets, in doing so gives additional structure to the 

conceptual framework. The conceptual framework was set against the backcasting timeline 

dates for completion, in which a complex layering of information was used to demonstrate the 

timings and actions needed to encourage investment in the energy upgrade and CO2 reduction 

of the existing building stock.  

Table 7.9 Backcasting timeline of the simulated model that achieved the 2050 CO2 reduction 

target 

Timeline Activity Instrument Impact CO2 

emissions 

GtCO2 

2050                      

(Target of 

-80% CO2 

emissions) 

Maintain MEES to A, 

construct new & replace 

buildings to carbon neutral 

standards, retain a minimum 

of ≥20% on-site renewables  

Planning & 

Development Acts, 

Building Control 

Regulations, 

Energy Act 2011 

-83% 

reduction in 

CO2 

emissions 

0.48 

2040   

(Target of 

-60% CO2 

emissions) 

Minimum requirement of 

20% on-site renewables  

Planning & 

Development Act, 

Part L building 

regulations 

-84% 

reduction in 

CO2 

emissions 

0.45 

Part L to carbon neutral 

standards 

Building Control 

Act 

-75% 

reduction on 

CO2 

emissions 

MEES set to A, DEC label Introduced Under 

Energy Act 2011 

-58% 

reduction in 

CO2 

emissions 

CO2 tax to fund deep energy 

retrofits 

HR Revenue and 

Customs 

£31.6billion 

2035 Minimum requirement of 

20% on-site renewables  

Planning & 

Development Act, 

-52% 

reduction in 

1.37 
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Timeline Activity Instrument Impact CO2 

emissions 

GtCO2 

Part L building 

regulations 

CO2 

emissions 

Part L to carbon neutral 

standards 

Building Control 

Act 

-45% 

reduction on 

CO2 

emissions 

MEES set to B, DEC label Introduced Under 

Energy Act 2011 

-32% 

reduction in 

CO2 

emissions 

CO2 tax to fund deep energy 

retrofits 

HR Revenue and 

Customs 

£27.9 billion 

2030           

(Target of       

-40% CO2 

emissions) 

4% 

shortfall 

Minimum requirement of 

20% on-site renewables  

Planning & 

Development Act, 

Part L building 

regulations 

-36% 

reduction in 

CO2 

emissions 

1.83 

Part L to carbon neutral 

standards 

Building Control 

Act 

-31% 

reduction on 

CO2 

emissions 

MEES set to C, DEC label Introduced Under 

Energy Act 2011 

-22% 

reduction in 

CO2 

emissions 

CO2 tax to fund deep energy 

retrofits 

HR Revenue and 

Customs 

£23.3billion 

2025 

 

Minimum requirement of 

20% on-site renewables  

Planning & 

Development Act, 

Part L building 

control 

-26% 

reduction in 

CO2 

emissions 

2.11 

Introduction of Part L 

revisions (carbon neutral) 

Building Control 

Act 

-23% 

reduction on 

CO2 

emissions 

MEES set to D, DEC label Introduced Under 

Energy Act 2011 

-17% 

reduction in 

CO2 

emissions 
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Timeline Activity Instrument Impact CO2 

emissions 

GtCO2 

CO2 tax to fund deep energy 

retrofits 

HR Revenue and 

Customs 

£17.59 

billion 

2019 

 

Minimum requirement of 

20% on-site renewables  

Planning & 

Development Act, 

Part L building 

control 

-07% 

reduction in 

CO2 

emissions 

2.65 

Introduction of Part L 

revisions (NZEB) 

Building Control 

Act 

-05% 

reduction on 

CO2 

emissions 

 The introduction of higher 

CO2 tax to fund deep energy 

retrofits 

HR Revenue and 

Customs 

£8.4 billion 

2018 MEES set at E, DEC label 

(Introduced Under Energy 

Act 2011) 

Enforced Under 

local trading 

standards 

-4.5% 

reduction in 

CO2 

emissions 

2.65 

Current 

position 

(base case 

year 2015) 

No MEES, Current part L 

requirements result in 

average energy consumption 

of 220kWh/m2, current 

demolition & replacement 

rate of 1% per annum, no 

requirement to have 

renewables for existing 

buildings 

 5.7GWh-

energy 

consumption 

2.86 

 

 

    Milestone Targets      MEES       Financial Support funded through CO2 tax      Part L regs 

     On-site Renewables 

 

Table 7.9 provides a summary of the backcasting exercise that formed part of the High Green 

Growth simulated model that achieves the 2050 carbon reduction targets. This involved 

working backways in which key actions and indicators were identified. The targets achieved 

were based on the introduction of MEES from 2018, which gradually tightened to A rated DEC 
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labels by 2040, alongside the tightening of building regulations towards carbon neutral certified 

standards by 2050. This was further reduced through the introduction of minimum requirement 

of 20% energy to come from on-site renewables for new construction from 2019. This analysis 

links the targets achieved to both timelines for delivery (in accordance with the working group 

targets) and policy instruments.  

 

7.3 Specific Actions Required 

 

7.3.1 Policy Levers  

 

This section reflects upon the consensus reached by the working group with respect to specific 

actions needed now to encourage investment in the energy upgrade of the existing building 

stock. This section focuses on policy levers that could be applied by the government to drive a 

low carbon future-built environment alongside additional stakeholder actions needed to drive 

change. Chapter 5 (section 5.2.3) identified and summarised specific stakeholder actions to 

encourage investment in energy upgrade of the existing building stock. The group identified 

that a successful output could only be achieved if all the stakeholders worked together under a 

government-led conceptual framework. The specific actions identified were in the following 

areas: upskilling, raising awareness of the benefits of energy efficiency in buildings, clear 

targets within a deep energy retrofit programme, sharing of quality data and information and 

having a tax system linked to carbon usage. Policy makers have a variety of measures available 

to them to stimulate the high demolition and replacement rate required for the green growth 

scenario to emerge (Table 7.10). Policy levers have been categorised under the headings: 

regulation, government spending, financial incentives, information and advocacy, alongside 

the working group recommendations and amendments required. 
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Table 7.10 Working Group recommended specific actions, linked to policy levers 

Policy 

Levers 

Working Group 

Recommendations 

Amendments required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

R
eg

u
la

ti
o
n

 

Driving energy efficiency in built environment 

Changes to the basis 

for energy labelling 

away from EPC’s to 

DEC’s 

Change in focus from design 

intent to in-use performance 

(example: EPC to DEC 

assessments) Amendments to Part 

5 of the Housing Act, 2004, 

2019 

Revisions to tighten 

Part L building 

regulations on new 

builds.  

Revisions to 2002/91/EC, Part 5 

of the Housing Act, 2004 with 

respect to Part L, of the TGD 

(enforced by local planning & 

building control authority) 

2019-NZEB 

2025-carbon neutral 

Introduction of a 

minimum 20% 

requirement for on-

site renewables 

Revisions to Part L, of the TGD, 

and Planning Acts (enforced by 

local planning & building control 

authority) 

2019 

Tightening of MEES 

with respect to 

existing building 

stock 

Amendments to the Energy Act 

2011, clear deadlines on increased 

MEES for level D to A (enforced 

by local trading standards)   

2018-E label                                       

2025-D label                                   

2030-C label                           

2035-B label                                  

2040-A label 

Revised Tax Linked 

to Carbon Emissions 

(ring-fenced for 

providing 

support/loans/subsidy, 

for energy upgrade 

works)  

Revisions to the Climate Change 

Levy from £0.15 tax per kgCO2 to 

£0.69 (enforced by HR Revenue 

and Customs) 

2019-2040 

Mandatory 

introduction of green 

lease agreements 

identifying 

landlord/occupier 

energy efficiency 

responsibilities  

Possible compulsory green leases 

for all public buildings, low 

interest funding linked to building 

upgrades under green leases 

Linked to building 

upgrade project 

commencing 2019 



  

273 

 

Policy 

Levers 

Working Group 

Recommendations 

Amendments required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

G
o
v
er

n
m

en
t 

S
p

en
d

in
g
 

Initiatives that lead to the upgrade of the existing building stock 

RE:FIT programme 

be extended to 

investors, occupiers 

and landlords of 

London’s commercial 

offices 

Greater London Authority to 

extend RE:FIT to commercial 

premises 

Linked to building 

upgrade project 

commencing 2019 

Enhanced Capital 

Allowances (ECAs) 

scheme extended to 

include additional 

items and beyond first 

year of trading 

Amendments to the Capital 

Allowance Act 2001 under the 

Finance Bill 

Linked to building 

upgrade project 

commencing 2019 

Energy Company 

Obligation (ECO) 

extended to non-

domestic buildings 

Energy Company Obligation 

(ECO) revised to include 

buildings which are high energy 

consumers (i.e. DEC of D, E, F, G 

labels) 

Linked to building 

upgrade project 

commencing 2019 

Policy gap- 

replacement needed 

for Green Deal 

Replacement Green Deal grant 

scheme for energy saving 

measures, required from 

Department of Energy and 

Climate Change 

While a revised 

Green Deal loan 

scheme was 

introduced in May 

2017, the grant has 

been withdrawn 

(working group 

recommend new 

grant scheme from 

2019) 

‘Sustainable 

Statement’ or ‘Energy 

Efficient 

Memorandum’ to 

form part of the 

procurement process 

(public and private 

sector)  

London tenders’ procurement and 

Private procurement contracts to 

include compulsory ‘Sustainable 

Statement’ or ‘Energy Efficient 

Memorandum’ (identifying 

energy efficient plant, fabric 

performance & building 

management system) 

Linked to building 

upgrade project 

commencing 2019 
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Policy 

Levers 

Working Group 

Recommendations 

Amendments required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

F
in

a
n

ci
a
l 

In
ce

n
ti

v
es

 

Return on Investment initiatives, for investing in energy efficiency and low 

carbon technology  

Abolishing of VAT 

rates for energy 

efficient upgrade 

works 

Consultation with HR Revenue 

and Customs and revisions to be 

made under the Value Added Tax 

Act 1994 

Linked to building 

upgrade project 

commencing 2019 

Streamline and make 

the capital allowance 

tax for energy 

efficiency easier to 

obtain  

Open easy access scheme to be 

introduced under Capital 

Allowance Act 2001 

Linked to building 

upgrade project 

commencing 2019 

Link business rates to 

the energy 

performance of 

buildings 

Revision required under the Local 

Government Financial Act 1988 

(to the Environment tax relief 

scheme for business) 

Reduce the 

complexity in 

applying, alongside 

provide certainty 

with 5-10 schemes, 

link to in-use 

performance 

commencing from 

2019 

Additional Green 

finance mechanisms 

for the private sector, 

with reduced interest 

rates 

Open up SALIX (low interest) 

funding to the private sector and 

London Energy Efficiency Fund 

(LEEF) to investors/owners of 

commercial offices 

 

Linked to building 

upgrade project 

commencing 2019 

Incentivise on-site 

renewables  

Removal of tax on items 

associated with installing on-site 

renewables or 0 carbon plant, 

provide feed-in tariff  

Linked to building 

upgrade project 

commencing 2019 
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Policy 

Levers 

Working Group 

Recommendations 

Amendments required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

In
fo

rm
a
ti

o
n

 &
 A

d
v
o
ca

c
y

 

Raising awareness of energy use, through education and upskilling 

initiatives 

Compulsory training 

(CPD) 

Minimum compulsory CPD 

training by professional 

organisations which incorporates 

% of energy efficient/carbon 

reduction training 

Linked to building 

upgrade project 

commencing 2019 

Research needed on 

EUI of the existing 

building stock, 

updated on a regular 

basis 

DEC’s compulsory registration 

for all commercial buildings 

alongside providing searchable 

databases of buildings’ 

performance-in-use 

Feedback on 

investment on a 5-

year basis  

Tackle energy 

inefficiency as an 

infrastructure priority 

Research funding on grid & 

building stock decarbonisation 

(funded sourced from CO2 tax and 

regulatory penalty’s) 

Linked to building 

upgrade project 

commencing 2019 

Refocus on in-use 

energy performance 

and not design intent. 

Research into performance gap 

(funded sourced from CO2 tax and 

regulatory penalty’s) 

Linked to building 

upgrade project 

commencing 2019 

Providing support to 

inform 

occupiers/owners on 

their energy 

consumption 

Information campaign (similar to 

RE:FIT programme, driven by 

government, supported by 

professional bodies and energy 

agencies) 

Linked to building 

upgrade project 

commencing 2019 

 

Table 7.10 summarises a list of specific policy levers that the working group felt needed to be 

introduced to drive change towards a carbon neutral building stock. The policy levers were 

broken down into the specific working group recommendations, which were further 

categorised based on amendments needed to existing or new legislation, alongside timeline for 

delivery, in accordance with the High Green Growth CO2 model. 
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Figure 7.5 Consolidation of Policy levers 

 

 

The ‘working group discourse’ and ‘CO2 model’ data analysis identifies MEES for existing 

buildings and tighter building regulations for new builds as important levers for renovation 

alongside the creating of a market place where it pays to invest in energy efficiency. These 

instruments include assessment of buildings in-use performance (DEC labels), combined with 

awareness raising programmes, as well as financial support investment, as summarised in 

Figure 7.5. Both energy labels and the carbon reduction timelines were used to link the variety 

of policies together. Where high energy consuming labels (DEC of D, E, F, G) were used to 

identify the building stock in most need of refurbishment and timelines for intervention were 

linked to carbon reduction targets.  
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Figure 7.6 Some of the key instruments that contribute to an increase in the Demolition and 

Replacement rate 

 

The conceptual framework combines an optimal mix of policies which interact, providing a 

uniform approach that focuses on achieving the 2.9% (rounded up to 3%) demolition and 

replacement rate per annum needed to achieve the 80% carbon reduction target by 2050. Figure 

7.6 provides an overview of some of the relevant policies and several measures that work in 

unison to provide a better result, by both reducing the carbon emission of the existing building 

stock and increases the demolition and replacement rate. While each organisation (planning 

departments, building control authority, local trading standards, HR Revenue and Customs) 

has a general duty to enforce their respective legislation in the form of prosecution and 

enforcement measures, the literature review found that resources are not always adequate and 

that the level of compliance was not always sufficient (Baiche, et al., 2006). For example, 

Tomusk (2019) found in England and Wales that no local authorty had undertaken any 

enforcement procedings or prosecuted any individual or organisation for non-compliance. 

However, greater cooperation and communication is needed between these government 

departments when it comes to developing a strategic partnership on CO2 reduction, with the 

overall aim of achieving the government’s carbon reduction targets by 2050. Initiatives such 

as additional resources, independent certification, and research into the further understanding 

of the levels of compliance are required to ensure that the carbon reduction opportunity that 

exists within the existing building stock is realised.  
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7.3.2 Stakeholder Responsibilities  

 

The working group identified that, while the government had a responsibility to drive change 

through policy direction and the implementation of legislation, it was also important to have 

buy-in from all stakeholders. The working group identified that occupiers have the greatest 

influence in demanding energy efficiency, alongside being the end user of the energy sources, 

while investors have a duty of care to society when it comes to environmental and resource 

efficiency; notwithstanding financial return on investment and the management of risk 

(Mugnier et al., 2014). Furthermore, energy suppliers have a duty to work with industry to 

deliver measures that will provide overall lifetime CO2 savings (e.g. CRET) to the consumer.  

 

Table 7.11 Working Group recommended stakeholder responsibilities, linked to timeframe targets 

 

S
ta

k
eh

o
ld

er
 Working Group & High 

Green Growth CO2 

model  

Action required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

In
v
es

to
rs

/L
a
n

d
lo

rd
/ 

O
w

n
er

s 

Funding Energy Efficiency & CO2 reduction 

£31.6 billion Investment 

needed in energy efficient 

& CO2 reduction of the 

existing building stock 

Green Finance (£31.6 billion 

worth of loans, financial aid, 

rebates funded through CO2 tax 

source) 

Phased in line 

with CO2 tax from 

2019 with 

£23.3bill needed 

by 2030 and 

£31.6bill by 2040 

Return on Investment (lower 

tax for high energy efficiency, 

green leases, energy efficiency 

form part of the due-diligence 

process) 

Linked to building 

upgrade project 

commencing 2019 

Demonstrate property portfolio 

is legislative compliance 

(MEES, Building Regulations) 

in which technology is used to 

monitor in-use CO2 emissions 

linked to tax system 

Phased in line 

with CO2 tax from 

2019 

Inform occupiers on energy 

usage and encourage efficiency 

(green leases and open 

RE:FIT open to 

commercial office 

users: providing 
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S
ta

k
eh

o
ld

er
 Working Group & High 

Green Growth CO2 

model  

Action required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

disclosure on optimised energy 

saving measures)  

professional 

advice, 

streamlining 

procurement 

process and 

identifying 

payback/return on 

investment 

strategies  

O
cc

u
p

ie
rs

 

 

Occupier Support and Expectations from buildings 

Invest in energy efficient 

and CO2 reduction 

initiatives in line with 

MEES & Part L revisions 

Work alongside 

investors/owners to facilitate 

energy saving measures (green 

leases) insist on MEES gradual 

tightening in accordance with 

proposed revisions to the 

Energy Act 

Linked to building 

upgrade project 

commencing 2019 

and proposed 

MEES with green 

lease as condition 

of funding 

Use technology to 

demonstrate return on 

investment in energy 

efficiency  

Inform occupiers on energy 

consumption and performance-

in-use, separate energy 

consumption/usage from 

commercial rates, inform 

occupiers on investment/return 

in energy efficiency (inform on 

lease obligations, introduce 

smart meters) 

Linked to building 

upgrade project 

commencing 2019 

Insist on minimum 

standards (wellbeing 

certification MEES of B+) 

Upon new or renewal of lease 

agreement 

Linked to building 

upgrade project 

commencing 2019 

Occupiers behaviour 

(energy consumer 

awareness & engagement) 

Inform occupiers on optimised 

building performance to 

maximise energy savings, 

comfort and help provide 

health & wellbeing benefits  

Information 

campaign 

commencing 2019 

alongside further 

research on return 

on investment 

initiatives 
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S
ta

k
eh

o
ld

er
 Working Group & High 

Green Growth CO2 

model  

Action required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

C
o
n

tr
a
ct

o
rs

 /
O

rg
a
n

is
a
ti

o
n

s 

Inform Professionals & Construction workers on Key items that contribute 

to energy efficiency & CO2 reduction 

Training and upskilling of 

professionals 

Continuing professional 

development (CPD) of all 

professional such as the 

ISO50001 initiatives by the 

CIBSE or the Corporate 

Energy Management Program, 

developed by the City of 

London Corporation 

Minimum 

compulsory hours 

for energy 

efficiency training 

are required as a 

condition of 

professional 

membership, 

renewed and 

updated on a 

yearly consecutive 

period 

Contractors to work 

alongside public bodies in 

the energy upgrade to the 

building stock (public 

private partnership, 

schemes) 

Open London RE:FIT scheme 

to non-domestic private 

buildings providing an energy 

performance contracting 

framework (providing 

professional expertise, 

informing investors on finance. 

help with the procurement 

process, and deal with risks 

associated with investing 

money with no savings 

guarantees and long-term 

paybacks) 

Linked to building 

upgrade project 

commencing 2019 

Organisations and 

professional bodies to 

invest in research & 

development in energy 

efficiency & CO2 

reduction strategies  

Research in the following 

areas: Performance gap, 

Energy demand assessment of 

the building stock, Return on 

investment, Optimised 

performance, Occupiers 

behaviour & influence on 

energy demand 

Linked to building 

upgrade project 

commencing 2019 
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S
ta

k
eh

o
ld

er
 Working Group & High 

Green Growth CO2 

model  

Action required Timeline for 

delivery                                 

(based on 

backcasting 

exercise) 

E
n

er
g
y
 A

g
en

ci
es

/P
ro

v
id

er
s 

Energy Company 

Obligation (ECO) 

extended to non-domestic 

buildings (existing funding 

to be enhanced through 

additional CO2 tax) 

Continuation of the ECO 

scheme however apply to non-

domestic buildings targeted at 

the hardest to treat buildings 

(DEC of E, F, G) that benefit 

the most from financial aid 

(owner/occupier with low 

income) 

Linked to building 

upgrade project 

commencing 2019 

Information campaign Inform occupiers with high 

energy consumption, on 

existing energy usage and 

identify low cost reduction 

measures as part of energy 

billing 

Linked to building 

upgrade project 

commencing 2019 

Harmonise standards and 

take a uniform approach to 

energy efficiency  

Energy companies should work 

together to harmonise 

standards, sell energy 

efficiency not energy usage, as 

well as setting out a plan for 

de-carbonation initiatives in 

consultation with government 

bodies 

 

Removal barriers in the 

existing Energy Service 

Company’s (ESCO) 

scheme (having all parties 

to sign up to) and provide 

a consistent approach 

Government & energy agencies 

work together to provide both 

funding and identify 

mechanisms that require parties 

to sign up to such agreements, 

with additional upskilling 

initiatives required in the 

design and implementation of 

energy saving techniques 

Energy companies 

(ESCO) local 

authorities 

(RE:FIT) work 

together from 

2019 as part of a 

deep energy 

retrofit upgrade of 

the existing 

building stock   

Increase renewable energy 

obligations 

Additional obligation on 

electricity suppliers to source 

electricity from renewables or 

0 carbon sources to de-

carbonise the grid 

Linked to building 

upgrade project 

commencing 2019 

(Builds upon the earlier Table 5.2, through the integration of addition data - CO2 model, cost 

to upgrade, timelines) 
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Table 7.11 summarises the list of specific stakeholder responsibilities the working group felt 

needed to be assigned to drive change towards a carbon neutral  building stock. The stakeholder 

responsibilities were broken down based on conclusions reached in both the CO2 simulation, 

alongside the working group discourse, which were further categorised based on actions 

required and timeline for delivery in accordance with the carbon reduction targets. These tasks 

formed part of the conceptual framework in which stakeholders were legally obliged to carry 

out tasks in accordance with the aforementioned policy levers.  

 

 

Figure 7.7 Stakeholder Responsibilities  

 

Figure 7.7 summarises the specific responsibilities the working group felt each stakeholder 

should take. The group identified that a successful output could only be achieved if all the 

stakeholders worked together under an umbrella framework, in which the government leads 

the way on driving change. The specific actions identified were in the following areas: 

investment, upskilling, raising awareness of the benefits of sustainable buildings, clear targets 

within a refurbishment scheme, sharing of quality data and information, and having a tax 

system linked to carbon usage. It was proposed to assign responsibility through stakeholder 

buy-in (consultation, incentive change), and provide financial support (funding, grants, tariffs 

tax rebates for energy efficiency), alongside legislate (stakeholder obligations) and 

enforcement measures.  
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7.4 Conceptual Framework 

 

The conceptual framework was informed by the literature review, working group discourse, 

and the High Green Growth simulated CO2 model. This section reflects on the conceptual 

framework that was conceptualised through linking the different tasks together, and by 

assessing the key instruments that were needed to drive change. The different items were linked 

through the timing of events that simulate the reduction in CO2 emissions. The working group 

identified that a successful output could only be achieved if all the stakeholders worked 

together under an umbrella conceptual framework (legislative, incentives, funding, energy 

efficiency linked to a revised tax system), in which the government leads the way on driving 

change. For the framework to become a reality, action is needed (policy intervention, funding, 

stakeholder support) to reduce the energy demand and CO2 emissions from existing buildings.  

 

Figure 7.8 High Green Growth Conceptual framework evolved through the consolidation of 

empirical research & backcasting exercise  

 

Figure 7.8 shows the output CO2 emission curves, identifying carbon emissions from new and 

existing buildings in the event of the High Green Growth scenario becoming a reality 
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(summarised earlier in section 6.3.2.3). The framework that evolved was built around the 

introduction of MEES legislation from 2018, which was gradually tightened towards A 

certified DEC labels by 2040. This provided a 25-year time period for all existing buildings to 

be upgraded to carbon neutral standards. All further reduction measures were linked to this one 

item having an impact on CO2 reductions of the existing building stock, which needed 

significant support measures (finance, legislation, stakeholder buy-in) to become a reality. The 

High Green Growth scenario identified that the existing building stock would need a 

demolished and replacement rate of at least 2.9% per annum for the carbon reduction targets 

to be met. This target was realised through MEES intervention that saw a significant reduction 

(see Figure 7.9) in energy demand and CO2 emissions from the existing building stock. This 

was then expanded upon (further reduced) through the introduction of a mixture of policy 

intervention and support measures that resulted in various levels of energy efficient upgrades 

of the existing building stock (98% of existing buildings) by the year 2040. 

 

 

Figure 7.9 Influence differing Standards/Regulation had on reducing future simulated CO2 

emissions 

 

The extent of upgrade works depended on existing building fabric, plant system in operation, 

and the ability for the site or building to be retrofitted for on-site renewables. Furthermore, all 

demolished or replacements had to be rebuilt to NZEB standards (from 2019-2024) or Carbon 

Neutral (from 2025). The new build element also included a minimum of 20% on-site energy 

generation from 2019. These policy interventions (Figure 7.9) need support measures for the 

simulated reductions to become a reality, as legislation in isolation has often resulted in 

environment policy falling short on meeting carbon reduction targets (Monnett, 2001). 
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The working group identified: enforcement, regulation, government spending, information & 

advocacy as policy levers, alongside stakeholder (being allocated) responsibility as support 

measures needed to drive change towards energy efficiency and carbon reduction in the 

existing building stock. Table 7.12 summarises a mixture of actions and support measures 

needed (policy intervention, funding, stakeholder support) for the conceptual framework to 

become a reality.  

 

Table 7.12 summarises the conceptual framework, setting out the timelines, intervention (in 

the case of existing buildings MEES and Part L revisions for new builds, these regulations and 

standards were gradually tightened towards carbon neutral or A certified, under the conceptual 

framework), stakeholder responsibilities, CO2 simulated reductions achieved, and funding 

sources. The timelines linked a complex layering of information that evolved as a result of the 

aforementioned backcasting exercises (policy, funding, timelines), in which the CO2 targets 

were met (by 2050), which focused on the pathway towards achieving these targets. Table 7.12 

identifies the impact that different intervention measures (high, medium, low) had on CO2 

reductions within the simulated model. The high impact intervention (quick wins) measures 

were associated with upgrading the existing building stock, whereby medium impact 

interventions were associated with the gradual tightening of standards (NZEB, carbon neutral) 

for new builds. Low impact intervention measures consisted of setting a minimum requirement 

so that 20% of energy demand for new builds are met through renewable sources.  
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Table 7.12 Consolidation of empirical research & backcasting output, which resulted in a 

Conceptual Framework  
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The existing building stock required significant additional support (policy intervention, 

funding, stakeholder support) to incentivise the 2.9% demolition and replacement rate required 

to achieve the CO2 reduction targets. However, high standards and low interest funding (based 

on both private and public sources) formed the basis and driving force of change when it came 

to new builds. Table 7.12 consolidates key instruments (regulations, government spending, 

financial incentives as well as information and advocacy) in simulating the impact intervention 

had on reducing future CO2 emissions. The framework identifies a variety of instruments used 

to tackle the challenges of obtaining a low carbon future building stock and recommends 

actions on how to achieve the High Green Growth future. While several recommended 

initiatives are framed within existing policies and regulations, the working group identified 

shortfalls (limited funding, return on investment, incompatible policies, incomplete or 

contradictory paths), or restrictions within prevailing programmes that have resulted in the 

retention of the status quo. The conceptual framework differs to previous research in that it 

assesses the timely impact of change (simulated model) steps to get there (visualises working 

group recommendations) through the integration of actions, support measures, and mitigation 

strategies. Once developed, both the High Green Growth simulated model and the developed 

conceptual framework were presented to the original working group for feedback. In doing so, 

this allowed for the incorporation of a feedback loop, not only to improve the research output 

(model and framework), but also as a validation and refinement exercise. 

 

7.5 Feedback on the Empirical Research  

 

Meadowcroft (2007) identifies policy that includes reflexive governance, which incorporates a 

self-critical reflection, and which enables reflective practice that can then contribute to the 

conscious re-ordering of social life. In the research case, this was not limited to self-critical 

reflection and instead included going back to the original working group for feedback on the 

developed conceptual framework. One participant (Carbon Trust representative) from the 

original working group was not available to attend however, so a Principal Policy and 

Programmes Officer from the Greater London Authority agreed to partake in the feedback 

discussion instead.  Prior to hosting the feedback working group, a summary overview of the 

High Green Growth CO2/energy demand simulated model and the developed conceptual 

framework, alongside a draft outline of questions to be asked during the working group, were 

prepared and distributed to each participant. These documents were to inform individuals on 
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the research output and answer any queries prior to the event (on the model & framework). 

Due to difficulties (flight strikes, arranging individuals to be in the same location), all 

participants agreed to participate in a simultaneous group Skype chat.  The feedback working 

group was divided into two sections: the first section consisted of asking participants for 

feedback on the High Green Growth CO2/energy demand simulated model and its practical 

application. The second section consisted of asking participants for feedback on the developed 

conceptual framework and its practical application. Both sections served as an authorising 

exercise in providing validation and refinement on the research findings.  

 

7.5.1 Feedback on the simulated CO2/Energy demand model  

 

The participants were presented with the High Green Growth CO2/energy demand simulated 

model (as summarised in Figure 7.8) for review. This commenced with an analysis of the 

model’s input variables (see section 6.2) discussing the appropriateness of combining these 

variables to quantify the current CO2 emissions/energy demand of London’s commercial office 

building stock. Both the UK Green Building Council and GLA representatives had experience 

in energy demand modelling (econometric and end-use modelling) and identified that ‘previous 

research in this area tended to combine all the non-domestic building stock in the creation of 

a generic all-inclusive kWh/m2, kgCO2/m2 figures’. Both participants commented that ‘this was 

their first time viewing research that assessed and quantified current energy demand and CO2 

emissions specifically for commercial office buildings in the London area’. All participants 

identified significant shortfalls in data sets in this area and that the research model could 

enhance knowledge when it comes to developing a regional environmental strategy.  The GLA 

and UK Green Building Council representatives agreed that the input variables were ‘the most 

appropriate data sets to use, and combine when quantifying current energy demand’; however, 

the GLA representative identified that ‘this research could be advanced once additional data 

sets became available’ (i.e. occupancy density, kWh/m2).  

 

The second group of variables to be assessed by the participants were the inputs used to 

simulate future CO2/energy demand of London commercial offices. The High Green Growth 

simulated conditions under which 2050 carbon targets were met within the time horizon 

through the adjustment of key variables (see Table 6.19). There was some group discussion on 

the variables identified, with the Property Manager recommending ‘once additional data sets 
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become available, the demolition & replacement rates should be subdivided further into 

‘renovation’ and ‘demolition rates’, identifying the portion of the existing building stock that 

can be upgraded to carbon neutral standards and the portion that needs radical intervention in 

the form of total demolition and rebuilding to meet the MEES. The Engineer recommended 

‘the inclusion of an adjustment for future occupiers’ behaviour be taken into account in the 

model’; but he could not identify any known procedure that takes this variable into account 

when carrying out energy modelling. The UK Green Building Council Representative 

identified ‘that adjustments in the DEC data sets (over time) accounted for this variable 

however, it was retrospective and difficult to simulate in any future energy modelling’.  The 

Architect recommended the further breakdown of the energy demand into direct (lighting/PC’s, 

services) and indirect (waste collection, sewage, embodied energy, travel to/from work) 

energy, made up of regulated and unregulated energy. However, he conceded limited data sets 

in this area meant segmenting energy demand based on its final consumption was difficult to 

achieve on a city-wide basis. All participants agreed with the approach taken and the input 

variables used were appropriate to simulating future CO2/energy demand of London’s 

commercial office building stock.  

 

The third discussion was held around the research finding with respect to the CO2/energy 

demand model, in that a 2.9% demolition and replacement rate was now required if the existing 

building stock was to play its part in meeting 2050 carbon reduction targets. There was 

considerable discourse with respect to this research finding. While all participants agreed that 

this figure was appropriate and that it was in line with similar EU research findings (EED 

2012/27/EU), not all agreed that it was the most appropriate way forward. The following 

participants (Property Manager, Chartered Surveyor, Engineer, UK Green Building Council 

representatives) all agreed that radical intervention was now needed with respect to upgrading 

(demolition or refurbishment) the existing building stock to reduce its energy demand and 

carbon emissions. However, the GLA representative and Architect identified that ‘they could 

not advocate investing in a deep retrofit project however, recommended combining both grid 

decarbonising initiatives as well as medium scale retrofitting’. The Architect identified ‘that 

there is an insufficient evidence base to validate investing in energy efficient upgrading alone 

and that additional measures would have to be integrated if CO2 reduction targets were to be 

achieved’. Whereas the GLA representative identified ‘that it wasn’t GLA policy to recommend 

total reliance on deep retrofitting the existing non-domestic stock at this moment in time’. The 
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Architect further commented ‘that the insufficient evidence base may be down to a gap between 

energy labelling and the in-use performance’ (also known as the performance gap). However, 

both the Architect and GLA representative acknowledged that the CO2 simulated model 

focused on carbon reduction initiatives (and not only energy efficiency) which was the way 

forward. This discussion was further expanded upon in section 7.4.2, with the recommendation 

that the framework include additional grid decarbonising initiatives. 

 

A discussion was held around the practical application of the CO2/energy demand model on 

London’s commercial offices. As discussed earlier, all participants agreed that a current 

knowledge gap exists in this research area, validating the research approach of developing a 

bespoke CO2/energy demand model. Furthermore, the GLA representative confirmed that ‘the 

Greater London Authority were about to commission research in this area (February 2019)’. 

The Engineer identified ‘the potential for further practical applications in developing the 

model for energy companies, policy makers and researchers in that it provided an impact (CO2) 

assessment for change’ (policy intervention, funding, stakeholder support). The Chartered 

Surveyor suggested ‘that the model provided stakeholders with a decision-making tool to 

assess the impact that different policy interventions would have on lowering future energy 

demand’.  The UK Green Building Council Representative stated that ‘the model could be 

expanded upon and used by energy suppliers to identify peaks and troughs in order to better 

manage energy demand’. Furthermore, the GLA representative identified the practical 

application of the model in further expanding knowledge on property specific energy demand 

in providing city-wide solutions (i.e. district heating network), to help rationalise funding for 

government infrastructure investments.  

 

7.5.2 Feedback on the Conceptual Framework 

 

The second section consists of a discussion providing feedback on the developed conceptual 

framework on how to encourage investment in the renovation of London’s existing commercial 

office building stock, to support a transition towards a low carbon future. The participants were 

presented with the developed conceptual framework (Table 7.12) for review. The review 

commenced with a discussion on the appropriateness of combining regulation, funding, and 

assigning stakeholder responsibility as part of the developed framework. All participants 

agreed that this combination was the way forward, as the introduction of built environmental 
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legislation had to be supported through return on investment initiatives backed, not only by 

government, but also by all stakeholders. The GLA representative ‘complemented the High, 

Medium, and Low carbon reduction strategies and identified that they fitted well with the recent 

published SI2 minimum greenhouse gas emission strategy, and specifically ‘the energy 

hierarchy and associated targets’ published by GLA’.  

 

The Property Manager, Chartered Surveyor, Engineer, and UK Green Building Council 

representatives agreed with the developed framework (regulation, funding and assigning 

stakeholder responsibility). However, both the GLA representative and Architect posed several 

questions and made several recommendations to enhance the framework. Questions were 

raised with respect to applying the 2.9% demolition and replacement rate per annum across the 

board. The Architect recommended ‘further interpretation of this demolition and replacement 

rate in the conceptual framework’. He recommended that ‘any deep retrofit programme should 

focus initially on the worst performing (high CO2 emissions) building stock, followed by 

medium performers with the remaining interventions for low impact performers considered 

closer to the 2040 target date’. Furthermore, the Architect recommended an exemption for 

protected structures and high energy consumers (i.e. data centres). There was some discussion 

on this recommendation with the Architect, Property Manager, And Engineer recommending 

‘the continuation of the polluter pays approach, with the inclusion of an offset fund in the 

framework’. This consists of setting up an offset fund where high energy consumers and owners 

of protected structures pay a different CO2 tax (to the majority of commercial office occupiers). 

This offset fund is set aside to support city-wide decarbonising infrastructure investment. Both 

the GLA and the UK Green Building Council representatives identified that this could be linked 

to funding of the proposed district energy network (supply heating & cooling) outlined in the 

London Plan. The Engineer advocated ‘greater flexibility in the requirement to have 20% 

energy generated from on-site renewable sources’. He identified ‘difficulties in introducing 

this requirement, as existing brown field sites did not have the same adaptive capabilities as 

green field sites’. He recommended ‘this requirement be amended to allow owners/occupiers 

to purchase 20% of their electricity from renewable sources’. 

 

The Architect and GLA representatives recommended ‘that any future research should include 

a detailed cost estimate for the new build element (to upgrade to NZEB and carbon neutral 

builds) that can be used by both investors and occupiers as part of an investment or due 
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diligence decision making tool’. The Engineer recommended ‘that any future framework could 

be enhanced (once the data became available) through the inclusion of an attribute that 

accounts (adjusts) for unforeseen changes’. He recommended that this may be achieved 

‘through using smart building technology (linked to a city wide monitoring hub) monitoring 

buildings services that examine environment change (warmer summers, cooler winters) 

occupiers behaviour, and the influence it has on buildings CO2 emissions/energy demand’.  

 

A discussion was held on the developed Conceptual Framework and whether it complemented 

or conflicted with existing built environment policy. The UK Green Building Council 

Representative identified ‘that what is proposed, operates within a policy vacuum and 

therefore cannot conflict’. However, the Property Manager identified ‘that the framework was 

different to current policy, in that it focused on the in-use performance (DEC labels) of 

buildings as opposed to design intent (EPC labels) and that it proposed to introduce a polluter 

pays for upgrade works’. He identified that ‘this proposal would therefore focus on actual in-

use energy consumption and CO2 emission reductions as opposed to design intent only’, which 

he saw as a shortfall within the existing built environment policy.  All participants agreed that 

return on investment in energy efficiency/CO2 reduction provides a significant ‘driver for 

change’ that has the potential to encourage multi-stakeholder buy-in. The GLA representative 

and architect identified ‘that the proposed deep retrofit programme should not be carried out 

in isolation, and instead needed to complement the Mayor of London’s, city wide 

decarbonisation investment plan’. 

 

The participants were asked to comment on the practical applications of the developed 

Conceptual Framework. The UK Green Building Council Representative identified ‘the 

benefits of having a long-term conceptual framework in that it provides certainty in 

environmental policy direction, to all stakeholders’. He acknowledged ‘short-term concerns 

with the introduction of a framework that’s highly dependent on the gradual tightening of 

environmental regulations, as it may be perceived by some professionals (i.e. fund managers, 

surveyors) as possibly leading to a slowdown of investment in the event of other uncertainties 

(i.e. BREXIT)’. However, he felt ‘having a long-term plan, set against a sufficient timeframe 

(35 years) was necessary for landlords/investors to set aside funds for large scale investment 

in the renovation (energy upgrade/CO2 reduction) of their property portfolio’. The GLA 

representative identified ‘that having such a long-term framework allowed national 
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governments to set aside investment funds for the upgrade of infrastructure and deep retrofit 

of existing buildings’.  The Chartered Surveyor commented that ‘the conceptual framework 

provides a pathway towards a carbon reduction target (>80%), providing a uniform approach 

(legislation, incentives, funding, links energy efficiency to tax system) towards CO2 reduction, 

alongside incorporating actions on how to achieve local government plans such as the London 

Environment Strategy’.  

 

 7.5.3 Feedback Adjustments  

 

The feedback working group resulted in validation and refinement of both the ‘High Green 

Growth model’ and the ‘developed conceptual framework’. Further refinement was broken 

down into two distinctive areas: firstly, further explanation on the practical application of the 

conceptual framework, and, secondly, the incorporation of recommendations into the final 

conceptual framework. All participants agreed that the ‘High Green Growth model’ could only 

be refined or enhanced through the integration of additional data sets (occupancy density, 

distinguishing between demolition and rebuild rates, adjustment for future occupants’ 

behaviour). However, participants acknowledged significant shortfalls in data sets in this area, 

and that the bespoke model could only be advanced once additional CO2/energy demand data 

became available.  

 

The Architect recommended the need for ‘further interpretation of the application of the 

demolition and replacement rate in the conceptual framework’. The High Green Growth model 

identified that a 2.9% demolition and replacement rate (per annum) was now required if the 

existing building stock was to play its part in meeting 2050 carbon reduction targets. Section 

7.3.1 identified the use of energy labelling to select the building stock in most need of 

intervention so that timelines could be linked to the carbon reduction targets. Table 6.6 

identified the percentage breakdown of energy labels in each energy range in the data sample, 

whereas Table 7.7 estimated the capital costs to upgrade each energy range, in line with the 

High Green Growth scenario. Combining both tables adds additional framing to the conceptual 

framework with respect to setting and reviewing targets on achieving the 2.9% demolition and 

replacement rate (per annum). 
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Figure 7.10 Application of the Demolition & Replacement rate in the Conceptual Framework 

 

Figure 7.10 identifies the timing of events, breaking the demolition and replacements down 

further in accordance with the High Green Growth CO2/energy demand simulated model. As 

recommended, the deep retrofit programme now focuses initially on the worst performing (high 

CO2 emissions) building stock, followed by medium performers with the remaining 

intervention closer to the 2040 target date. The model includes exemptions for protected 

structures and high energy consumers (i.e. data centres). However, limited data sets in this area 

excluded an adjustment for these buildings as part of the research modelling. Any future 

research would have to identify a percentage breakdown for these building types and include 

an adjustment in future modelling.   

 

The feedback working group recommended additional consideration be given to the inclusion 

of additional items in the final conceptual framework. The first of which was a recommendation 

by the GLA representative and Architect that the proposed deep retrofit programme should not 
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be carried out in isolation but instead complement the Greater London Authorities city wide 

decarbonisation investment plan. The working group recommended the inclusion of a district 

heating scheme as a medium impact item, as it aligns with new build or refurbishment of the 

existing building stock. Section 7.2.1 identified that the wide variation in commercial office 

buildings can have an impact on both potential solutions and cost measures when it comes to 

upgrading the existing building stock. District heating (supply heating and cooling) systems 

are ideally suited to clusters of buildings, within a centralised location, as is the case for 

London’s commercial office building stock.  District heating network and renewable energy 

currently accounts for 2% of London’s energy demand. However, under London’s 

Environment Strategy, an opportunity exists to increase this energy supply to 15% by 2030 

(GLA 2030).  Both national and local government are investing millions in installing district 

heating networks (i.e. Enfield, North London £15m DHS project) in London. The final 

conceptual framework includes the integration of a London district heating scheme (both 

commercial and residential) part funded by government and business. In the case of part 

funding, the framework includes carbon offsetting, where high energy consumers and owners 

of protected structures contribute to a local government fund, topped up by national 

government set aside for investing in a London specific district heating system network. All 

participants in the working group agreed that the framework could be enhanced further through 

the inclusion of both a cost estimate and CO2/energy demand adjustment for a district heating 

scheme, once data sets become available.  

 

The Engineer recommended ‘greater flexibility in the requirement to have 20% energy 

generated from on-site renewable sources’. This recommendation was incorporated into the 

final conceptual framework as a low impact item, where the requirement to have 20% 

renewable energy sourced from ‘on-site’ renewables was relaxed to include grid renewable 

sources. This requirement could be met through energy agencies certifying that a minimum of 

20% electricity generated for the building come from renewable (or zero CO2) sources, and in 

doing so, give developers/investors greater flexibility on how to meet their renewable source 

requirements, in redeveloping their existing portfolio. Figure 7.13 summarises the final 

conceptual framework, setting out the timelines, intervention stakeholder responsibilities, CO2 

simulated reductions achieved, and funding sources. Although the framework is similar to the 

earlier Table 7.12, it includes further refinement (additional explanation, incorporates 

recommendations) as a result of hosting the feedback from the working group workshop.   
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Table 7.13 The Final Conceptual Framework 
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7.6 Summary of Chapter 7 

 

This chapter brought together conclusions reached in the preceding chapters (chapter 5 and 

chapter 6) in framing the conceptual framework and developing a long-term strategy for 

encouraging investment in the CO2 reduction/energy upgrade of London’s existing commercial 

office building stock. This was realised through reflecting upon the ‘specific actions needed to 

be taken by stakeholders’, identified as part of the working group discourse, as well as the 

‘backcasting’ exercise, to determine what actions are required to realise the desired future. 

 

The base case CO2 model (discussed in chapter 6), provided the starting point identifying 

current energy demand from London’s commercial office building stock, while the High Green 

Growth model identified the simulated end point for the year 2050. The conceptual framework 

represents the pathway towards this change, framed within the context of EU low carbon 

roadmap targets (trisect milestones of -40% by 2030, -60% by 2040, and -80% by 2050). The 

impact assessment on the effectiveness of the working groups recommended actions found that 

the gradual tightening of MEES towards A, DEC ratings had the greatest influence (-45%) on 

reducing energy demand/CO2 emissions from existing buildings. This was followed by Part L 

revisions to the building regulations (-25%) and on-site renewables (-13%). The impact 

assessment allowed actions to be classified as either High, Medium or Low interventions 

introduced to drive change towards a low carbon future. This approach ensured that the 

developed framework was in line with London’s existing environmental policy (SI2 minimum 

greenhouse gas emission strategy, energy hierarchy and associated targets’ published by GLA) 

and prioritised actions.  

 

The backcasting analysis identified 21 policy levers required to drive change, the timelines of 

which were linked to EU low carbon roadmap targets. The backcasting exercise identified a 

cost estimate in the amount of £31.6 billion or £1,217 per m2 to upgrade London’s existing 

commercial office building stock, to ‘A’ energy rated labels (NZEB standards) by the year 

2040. Specific actions required were categorised into policy levers (applied by the government) 

and stakeholder (investors/landlord/owners, occupiers, contractors/professional organisations, 

energy agencies) responsibilities. The working group identified that a successful output could 

only be achieved if all the stakeholders worked together under an umbrella framework, with 

the government leading the way on driving change. The specific actions identified were in the 
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following areas: investment, upskilling, raising awareness of the benefits of sustainable 

buildings, clear targets within a refurbishment scheme, sharing of quality data and information, 

and having a tax system linked to carbon usage. It was proposed to assign responsibility 

through stakeholder buy-in (consultation, incentivise change), and provide financial support 

(funding, grants, tariffs tax rebates for energy efficiency), alongside legislation (stakeholder 

obligations) and enforcement measures.  

 

Chapter 7 included analysis and feedback on the conceptual framework from the working 

group. This was carried out as an authorising exercise in validating and further refinement of 

the research findings. The feedback working group recommended that the developed 

conceptual framework should include revisions in respect to; ‘further explanation’ and 

incorporate ‘additional recommendations’. Further explanations were requested regarding the 

demolition and replacement rate (3% per annum), with additional clarification on timings and 

prioritising energy upgrade investment in the existing building stock. The final conceptual 

framework saw the existing building stock broken-down based on energy labels in each energy 

range (based on current in use energy consumption/CO2 emissions). The recommended action 

(from the London working group) of investing in a deep energy retrofit project (which involved 

demolition and replacement of the existing building stock) was prioritised to first focus on the 

worst performing buildings (high CO2 emissions), followed by medium performers with the 

remaining interventions to take place closer to the 2050 target date.  

 

The feedback working group recommended additional amendments to provide greater 

flexibility in respect to the requirement to have 20% energy generated from on-site renewable 

sources. The final conceptual framework incorporated this recommendation through allowing 

energy agencies to certify that a minimum 20% of electricity generated for the building comes 

from renewable (or zero CO2) sources. Taking this approach, gives developers/investors greater 

flexibility on how to meet their renewable source requirements, in redeveloping their existing 

portfolio. The feedback working group also recommended that the proposed deep retrofit 

programme should not be carried out in isolation but instead complement the Greater London 

Authorities city wide decarbonisation investment plan. This recommendation was included in 

the final conceptual framework through the integration of a London district heating scheme 

(both commercial and residential) part funded by government and business. The feedback 

working group validated the input variables used in developing the CO2 model, identified 
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several practical applications for the conceptual framework as well as naming several 

stakeholders that could utilise the conceptual framework. The feedback working group 

suggested ‘that the conceptual framework provides stakeholders with a decision-making tool 

to assess the impact that different policy interventions would have on lowering future energy 

demand’. 

 

Chapter eight reflects on the key research outputs by examining their implications for future 

policy formation, thus addressing a key empirical contribution of this research. Chapter 8 also 

includes suggestions for further research in the area of futures research on built environment 

policy. 
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Chapter 8 

Discussion and Conclusion 
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8.1  Introduction  

 

This chapter presents an overview of the research findings, to summarise the long-term strategy 

for encouraging investment in the energy efficiency improvement of London’s existing 

commercial office building stock. The research finds that deep energy retrofits of the existing 

building stock hold an excellent opportunity to significantly contribute to the stabilisation of 

London’s energy demand and carbon emissions.  The results of this research contribute to the 

existing body of knowledge with respect to identifying the energy consumption of London’s 

commercial offices. It identifies STEEP drivers of change towards energy efficient buildings, 

alongside identifying a performance gap between design intent labels and labels that identify 

buildings in-use energy performance. The research output would inevitably help to inform 

current built environment energy policy, alongside aiding the development of future London 

specific environment strategy plans.   

 

 

                                         Figure 8.1 Structure of Chapter 8 

 

8.2  Key Findings 

 

The research aim focused on how to encourage investment in the energy efficient upgrade of 

the existing building stock. Occupiers, investors, and contractors do not generally go beyond 

minimum compliance standards when constructing or upgrading buildings, which has resulted 

in a high energy consuming existing building stock. The research aim was achieved through 
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subdividing the thesis into chapters (see Table 1.1) that focused on realising the research 

objectives through investigating and exploring contrasting pathways towards change. The 

pathways evolved to focus on the working group alternative scenarios (Status Quo, Rigid, 

Stagnant City, Green Wash, and Green Growth) or alternative visions of the future, assessing 

the impact that policy changes would have on energy demand.  

 

Turning to the research objectives, the first objective was ‘to identify and critically analyse 

existing policies and instruments aimed at stimulating energy efficiency in the built 

environment’. The principles and instruments aimed at stimulating energy efficiency in the 

built environment were discussed in depth in chapter 2, critically reflecting on both EU and 

UK legislation. Analysis of the effectiveness of policy instruments in reducing energy demands 

found that, despite the variety of policies in existence, building energy efficiency has not 

improved as fast as is necessary, to enable the UK meet its mid to long-term CO2 reduction 

targets. While the UK has signed up to legally binding, ambitious 2050 CO2 reduction targets, 

there are shortfalls on how to identify a pathway to realising such targets. This was shown to 

be linked to the introduction of varied environment policies over the past 15 years, with the 

UK government continuously changing policies and priorities to meet EU low carbon future 

targets. This was further hindered by the existence of market barriers (split incentives, 

uncertainity of return in investment, performance gap). These all validated the need for a 

change in approach and for government intervention to improve the energy performance of the 

existing building stock. Research, on the effectiveness of each instrument is generally limited 

to theoretical examinations of how these policies work to drive change. The literature review 

found that there was a lack of quantification of the energy efficient improvements based on the 

policy interventions. Problems linked to policy updates and the introduction of new legislation 

to comply with EPBD have resulted in uncoordinated outcomes, exacerbated by the conflicting 

stakeholder goals of those involved in the property market. Policy changes, over time, have 

often resulted in an unintegrated approach. Analysis of policies and instruments aimed at 

stimulating energy efficiency in the built environment found that a new approach is needed to 

drive change. As such energy efficiency could be better driven through the introduction of one 

integrated policy, where instruments work together to achieve a single target (or intermediate 

targets) with quantifiable CO2 reductions. Chapter 2 also reviewed the market failures and 

barriers that resulted in the need for government intervention, and the need to develop a long-

term strategy to encourage investment in renovating the existing building stock. The later 
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exploratory working group reaffirmed the requirement to remove barriers such as unpriced cost 

and benefits of investing in energy efficiency, distorted fiscal and regulatory policy, and 

misplaced or split incentives. 

 

The second objective was to ‘explore buildings’ energy performance and assess whether 

discrepancies that may cause confusion exist, using existing environmental performance 

indicators’. The later part of chapter 2 assessed literature on the different energy labels and 

identified that the EU has allowed both ‘asset ratings’ and ‘operating ratings’ to be utilised 

when identifying a building’s environmental performance. The distinctive features of each, 

showed asset ratings are based on calculated use, whereas operating ratings are based on 

measured use. This has led to confusion for stakeholders (investors, occupants, and building 

operators) when the same building received different EPC and DEC readings. Chapter 2 

concludes with a review of the causes of the ‘energy performance gap’ between performance 

indicators (normally issued during the design stage) and the actual energy use of a building, 

during its operation. This analysis showed the importance placed on such performance 

indicators by both industry (rent and price, green premiums) and policy makers (MEES) in 

benchmarking properties and in setting minimum industry standards. The research identifies 

that having relevant benchmarks will increase clarity between the design and occupancy stages. 

This review also argues that standards and regulations should be re-directed, to place greater 

emphasis on in-use operation ratings, as part of any future policy framework. 

 

The third objective was to ‘critically examine the energy efficiency potential that exists in the 

UK commercial office market and evaluate whether it has the potential to meet UK climate 

change targets’. The empirical research builds upon the literature review in developing a carbon 

and energy model in chapter 6 that estimates the energy demand/CO2 emissions of London’s 

existing commercial office building stock (base year of 2015). This was developed to help 

quantify the effort required to realise change, towards meeting the UK’s long-term carbon 

reduction targets. Using the mean EUI for each DEC energy label, multiplied by the floor areas, 

a total estimate of the energy consumption for London’s commercial offices amounted to 

5.7GWh or 2.86GtCO2, for the base year 2015. This amounted to 220kWh/m2/y or 109.43 

kgCO2/m
2/y, for London’s commercial offices. These figures are similar to the typical energy 

consumption benchmark (225kWh/m2/year–typical offices), for existing standard, air-

conditioned offices reported in CIBSE general offices guide (CIBSE, 2004). The data analysis 
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identified that the majority of London’s existing commercial office building stock, falls within 

the mid-range energy label (DPC grade of C, D, E, & F). The analysis found that the existing 

building stock has a high potential to improve its energy efficiency and CO2 emission 

reduction, through investing in deep energy retrofits, or the demolition and replacement of high 

energy consuming buildings. The later part of third objective (assess whether it has the potential 

to help the government meet its climate change targets) was reflected upon after the completion 

of the High Green Growth simulated future. The High Green Growth scenario identified a 

simulated future (2050) in which CO2 from buildings are reduced in the amount of 2.38 GtCO2 

(from 2.86GtCO2 to 0.48GtCO2), which equates to an 83% reduction in energy demand and 

CO2 emissions when compared to the base year, 2015. If the simulated High Green Growth 

scenario were to come to fruition, then a future would emerge where the UK increases its 

energy supply security and lowers its energy costs. The working group felt that this would 

result in future proofing of the existing building stock, where energy efficient/low carbon 

emitting buildings are viewed as low risk investments, containing productive, healthy 

employees.  

 

The fourth objective was ‘to investigate a variety of different energy demand futures and 

develop a long-term vision for a low carbon emitting, built environment’. This was achieved 

through an exploratory expert working group that developed a vision of different alternative 

futures. The output from the London working group (chapter 5), aided the development of four 

alternative futures profiling the energy demand of the building stock, with future uncertainty 

(economic growth, policy change, demolition and replacement rates), as well as opportunities 

and challenges captured. The exploratory working group ensured the methodological 

soundness of the scenario development. The working group identified different future visions 

of the world to emerge in 2050 (Green Wash, Green Growth, Rigid, Stagnant City, Status Quo) 

of which the Green Growth scenario had the greatest potential to create a low carbon future 

building stock. All future path dependencies constrain change in which incremental shifts over 

decades reshapes the energy adaptation of London’s built environment. 

 

The fifth research objective was to ‘reflect upon the developed transformational pathway and 

assess the potential impact the conceptual framework has on London’s future energy demand’. 

Chapter 7 brought together both the qualitative and quantitative data analysis, where the earlier 

Green Growth simulated model and working group recommendations were combined to 
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produce the research conceptual framework. This was realised through reflecting upon the 

‘specific actions to be taken by stakeholders’ identified as part of working group discourse (see 

Table 5.2), as well as a ‘backcasting’ exercise, to determine what impact the actions would 

have on realising the desired future. Chapter 7 framed the conceptual framework using a variety 

of backcasting exercises in the areas of policy change, funding sources and associated timelines 

to mimic the actions necessary to deliver the preferred future. This included calculations to 

further illustrate the effort needed to incentivise change. The desired future unfolded as a result 

of the consolidation of environmental policy and support initiatives that should lead to 

investment in the refurbishment (energy upgrade/CO2 reduction) of London’s commercial 

office building stock over a 25-year period (2015-2040) in parallel with zero/carbon neutral 

‘new’ builds. The simulated carbon model allowed for the impact these measures (Part L 

building regulations for new builds, MEES for the existing building stock) to be measured to 

determine their influence on future energy demands and carbon emissions by the year 2050. 

The High Green Growth scenario simulated conditions under which an 83% CO2 reduction in 

carbon emissions was achieved by the year 2050. 

 

8.3  Contribution to Knowledge 

 

The research proves it is technically possible using current technology and building adaption 

strategies to upgrade the existing building stock to that required for the stabilisation of carbon 

emissions and mitigation of climate change, realising EU and UK built environment carbon 

reduction targets by 2050.  However, achieving these targets requires government intervention 

in the form of policy levers, green investment, and an additional emphasis on carbon taxes. 

These market instruments are required to address the up-front investment cost and remove the 

perceived risk of investing in energy efficiency/CO2 reduction. To this end, this research has 

several practical applications that advance knowledge in the area of energy efficiency research: 

 

1. Firstly, this research provides up to date data and quantification of the energy demand 

and CO2 emissions for London’s commercial offices, which can be used by the Greater 

London Authority to further advance their energy efficiency strategies and help 

contribute to the mitigation of regional and national climate change. 

2. Secondly, the research adds to the debate (see Godoy-Shimizu et al., 2011) on the true 

benefits of environmental labels that assess the practical implications of purchasing and 
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occupying highly sustainable certified buildings compared to non-certified buildings. 

The research identified performance gap uncertainties in both the literature review and 

data analysis that necessitates policy to quantify energy efficiency performance-in-use 

(based on operational ratings) instead of hypothetical energy performance or design 

intent (based on asset ratings).   

3. Thirdly, the research adopts an alternative futures approach, to identify the most viable 

scenario to deliver an 80% plus reduction in carbon emissions. This in-depth analysis 

was based on ‘Intuitive Logics' (developed initially using SRI research methodology) 

which focused on uncovering the causes that have led to an energy inefficient building 

stock, prior to recommending pathways towards change. In addition, the input of local 

experts (with regional knowledge and different built environment backgrounds) draws 

upon a range of skills and experience in providing practical solutions, deepening 

understanding of the subject topics and provides robustness to the developed scenarios. 

The scenarios and simulated CO2 modelling enabled the quantification for future 

uncertainties (economic growth/decline, policy change, high/low investment in energy 

upgrades) through sensitivity adjustments that identified a solitary approach, to 

delivering the desired carbon reductions. This innovative approach enabled the 

optimised scenario to evolve in a logical and non-random way. 

4. Fourthly, the conceptual framework provides stakeholders with a decision-making tool 

to assess the impact different policy interventions would have on lowering future 

energy demand. The framework itself provides insights into the various complex 

layering of information used to demonstrate timings, actions and effort needed to realise 

positive change. This was identified as a knowledge gap within existing built 

environment legislation (EPBD, Building Regulations, Energy Efficiency 

Regulations). The developed model can be used by both investors and occupiers as a 

due diligence decision making tool to assess the impact that different policy 

interventions would have on lowering future energy demand. In addition, demonstrate 

legislative compliance with the EPBD and in the longer term the Energy Act 2011. 

  

5. Finally, this research provides a framework on how to achieve both the EU Efficiency 

Directive (EED 2012/27/EU) and targets set within the London Environment Strategy 

2017, by outlining a realistic and time sensitive pathway, through the use of coordinated 

measures and strategies to help achieve the desired low carbon built environment future. 
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8.4 Research Limitations  

 

As with similar energy demand research projects (Godoy-Shimiz et al., 2001; Hawkins et al., 

2012; Armitage et al., 2014), this research has limitations based on the availability of data sets. 

One of the limitations of this study was the availability of information on the energy 

consumption of approximately 86,000 London commercial offices (VOC, 2015). The only 

comprehensive data sets available on buildings’ in-use energy consumption were for public 

commercial office buildings (CSE, 2015). However, this dataset shows significant similarities 

when compared to the larger 65,530 EPC database (see Table 6.7, chapter 6). Further research 

may benefit from more observations on the relationship between building age profile, 

occupancy density, and energy demand per m2, relating hours of occupancy and HVAC plant 

efficiency to energy efficiency. While the DEC data sets contain information on the in-use 

energy performance, there are unobserved building quality variables such as design 

considerations, internal specification, the average number of occupants for each office space, 

and hours of operation. These all have an impact on the overall building energy consumption. 

Further investigation into these variables may thus prove informative when trying to identify 

variables that influence energy demand, which was outside the scope and overall aim of this 

current research.  

 

The most obvious limitation using futures research in identifying and assessing alternative 

energy demands futures was that no event or situation could be forecasted in an accurate and 

complete manner (Presti, 1996). However, futures studies provide a substantial advance over 

alternatives (such as creativity or wishful thinking), since it incorporates strong and persistent 

drivers of change that can be forecasted into the future. This research took a different approach 

to traditional futures research (Kahn, 1960; de Jourvenel, 1960; Gabor, 1963), as it assessed 

conditions under which carbon neutral targets were met by 2050 and then reverse engineered 

or backcasted the ‘desired future’ to the present day to determine how this future can become 

a reality. Backcasting also has its limitations, as no certainty exists on how to achieve a desired 

future. However, the research did try to apply rational decision making through collective 

group discourse, where the working group agreed on a pathway towards change. The research 

output is conditioned on the opinions of six experts, with an understanding of different 

stakeholder priorities in relation to the energy upgrade of London’s existing commercial office 

building stock. In addition, the conceptual framework is dependent on stakeholders buy-in, 
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funding sources and timings linked to the EU low carbon roadmap targets. However, the 

developed model included a monitoring and adjustment instrument (see Figure 7.5) in respect 

to the timings of achieved roadmap targets, providing flexibility to policy makers. This 

approach allowed flexibility for adjustments in key variables (demolition & replacement rate, 

tightening of building regs., MEES, on-site renewables) which could be modified depending 

on achieved energy demand/CO2 emission reductions. 

 

Limitations exist with respect to the ability to assess future uncertainties associated with the 

impact of BREXIT and whether the UK will remain aligned with EU environmental policy.  

While the different futures assess the impact of future uncertainty (economic growth, policy 

change, demolition and replacement rates), the full extent of BREXIT remains uncertain. The 

working group identified that BREXIT may result in the devolution of power at a regional 

level, resulting in local plan strategies (similar to the London Plan), allowing local authorities 

to continue along the EU low carbon economy roadmap and, in some instances, free up 

planning authorities to set higher control mechanisms when it comes to carbon emissions.   

Further research is required (upon completion of a future relationship agreement with the EU) 

to determine the impact the UK withdrawal from the EU will have on future environmental 

policy.  

 

8.5 Recommendation for Future Research 

 

Further research can add to the body of knowledge with respect to factors that influence energy 

demand within the existing building stock. Furthermore, the availability of additional data sets 

such as building age, occupancy density, energy demand per m2, hours of occupancy, the 

influence of HVAC on energy efficiency could all enhance future research in this area. Better 

data is needed in order to establish a clear link between energy, environmental performance, 

and energy labelling. As difficulties exist in obtaining relevant data and matching data across 

the different sources, hence greater standardisation of data collection may be necessary to take 

full advantage of publicly accessible information.  

 

During this PhD research, MEES were introduced (April 2018), with a minimum EPC label of 

E phased in between the years 2018 to 2023. The research identified the theoretical impact of 

this legislation as an initial 8% reduction in carbon emissions between the years 2018 to 2024. 
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While the MEES had -45% impact on the final 2050 GtCO2 figure, additional future research 

can determine the impact that such a policy intervention has on energy demand, assessing its 

effectiveness on reducing energy consumption of both existing and new building stock. 

Feedback and further research in this area was one of the key recommendations that formed 

part of the conceptual framework (under the heading: Information and Advocacy).  

 

The working group felt the effectiveness of policy intervention needed to be assessed and 

adjustments made over the 35-year time horizon to optimise the policy levers and ensure both 

milestone and final targets are met.  In addition, advanced data collection, storage and analysis 

on DEC labels (which provides information on year on year performance) has the potential to 

monitor improvements in buildings, focusing efforts on how to make the building stock more 

energy efficient. Monitoring of occupiers with large energy demands (HMRC, local 

authorities), which are legally obliged to reduce energy consumption by 3% per annum (EED 

2012/27/EU), may be an area of future research to determine what measures are effective in 

reducing the in-use energy and demand. These can then be applied to the building stock as a 

whole.   

 

Wider availability of data, alongside new mandatory requirements to have energy labels for 

certain class of buildings, in certain events, may add to and enhance futures research in the area 

of energy demand and carbon reduction strategy assessments. The EU has adjusted the EPBD 

and new rules are in place to ensure the Centre for Sustainable Energy (CSE) and the Ministry 

of Housing, Communities and Local Government release data to the public on EPC and DEC 

labels in an orderly manner. Although public access to these data sets has been restricted to 

date, the removal of this barrier can facilitate future research on the non-domestic energy 

performance register. Furthermore, research institutions such as the Building Research 

Establishment are starting to publish data on BREEAM labels (Green Book live campaign) and 

CoStar UK and EGI are starting to collect data on buildings’ in-use energy performance (costs 

per m2 to upgrade high energy consuming buildings). Linking energy demand data to the 

correct floor space requires more detailed and integrated data collection. However, once 

additional data becomes available, it can more accurately inform how occupancy costs and 

energy costs can be reduced. 
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Appendix 1(a) – Working Group Agenda Sample 

 

The development of a conceptual framework to help achieve low carbon commercial 

office buildings, by 2050 

 

 
7th April 2017 – O’Callaghan Mount Clare, Dublin-Pilot Working Group Agenda  

Briefing Session: 

09.00 – 9.15  Welcome and Introductory Presentation 

Session 1: 

9.15 – 9.30   Set and review Scoping Question 

9.30 – 10.30   Determine Driving Forces of Change & Future Challenges 

10.30 – 10.45   Group Presentation on Driving Forces of Change & Future Challenges 

10.45 – 11.00   Coffee & Snack Break 

Session 2: 

11.00 – 1.00  Identify & Prioritise Organisational/Stakeholder Forces & Specific 

Actions 

1.00 – 1.30 Group Presentation on the Identification & Prioritising of 

Organisational/Stakeholder Forces & Specific Actions Required 

1.30 – 2.30  Lunch 

Session 3: 

2.30 – 3.30  Rank Drivers & Forces (impact/uncertainty matrix) 

3.30 – 3.45  Group Presentation summarising impact/uncertainty matrix 

3.45 – 4.00  Tea Break 

Session 4: 

4.00– 5.00  Develop Future Scenarios and story behind each 

5.00 – 5.30  Group Presentation on Scenarios and the story behind each 

5.30 – 6.00  Final Thoughts 

End of Working Group 
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Appendix 1(b) – Working Group Agenda  

The development of a conceptual framework to help achieve low carbon commercial 

office buildings in London by 2050 

 
6th June 2017 –  Days Hotel Waterloo, London- Working Group Agenda  

Briefing Session: 

09.00 – 9.15  Welcome and Introductory Presentation 

Session 1: 

9.15 – 9.30  Set and review Scoping Question (which included timings on meeting 

CO2 reduction targets, & agreeing type of energy reduction required) 

9.30 – 10.30  Determine Driving Forces of Change & Future Challenges 

(participants agreeing on a list of Drivers alongside ranked in 

comparison to one another) 

10.30 – 10.45   Group Presentation on Driving Forces of Change & Future Challenges 

10.45 – 11.00   Coffee & Snack Break 

Session 2: 

11.00 – 1.00  Identify & Prioritise Organisational/Stakeholder Forces & Specific 

Actions 

1.00 – 1.30 Group Presentation on the Identification & Prioritising of 

Organisational/Stakeholder Forces & Specific Actions Required 

1.30 – 2.30  Lunch 

Session 3: 

2.30 – 3.30  Rank Drivers & Forces (impact/uncertainty matrix) 

3.30 – 3.45  Group Presentation summarising impact/uncertainty matrix 

3.45 – 4.00  Tea Break 

Session 4: 

4.00– 5.00  Develop Future Scenarios and story behind each 

5.00 – 5.30  Group Presentation on Scenarios and the story behind each 

5.30 – 6.00  Final Thoughts 

End of Working Group 
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Appendix 2- Outline Questions, for ‘Semi-Structured’ Working Group 

 

Session 1 (Stage One): 

 

Define and agree on scoping question. This was achieved through identifying and agreeing on 

a specific ‘scoping question’ in determining the overall range for the project. The question in 

the research case was focused on the research aim: ‘to develop a long-term strategy to 

encourage investment in the renovation of the existing commercial office building stock, 

to support a transition towards a low carbon future’.  

 

The scoping question had limited scope for adjustment, as it was built around the overall 

research aim, linked to key objectives; however, the main working groups had to agree an 

appropriate timeframe for the scenario narratives (CO2 reduction targets). Furthermore, the 

working group had to agree on the type of energy reduction required. 

 

Session 1 (b) (Stage 2): 

 

Drivers of Change & Future Challenges. The group needs to firstly identify a list of driving 

forces for change towards a low carbon future building stock. Secondly, upon identifying 

participants were then asked to identify future challenges with respect to each driver. 

Thirdly, participants were then asked to work together in ranking each driver of change 

in relation to one another, with respect to how they felt each have on the rate of change, in 

encouraging investment in upgrading the existing commercial office building stock. A 

collective response was achieved where the working group voted (through the placement of 

chits on preference items) and agreed on ranking each had on driving change.  

 

 

Participants are advised on the STEEP framework as advocated by Nuefewld (1985) and 

Morrison (1992) as a method of coding/categorising and prioritising drivers. 

 

Session 2 (Stage 3): 

 

Identify & Prioritising Organisational/Stakeholder Forces and specific action needed to 

encourage investment in the energy upgrade of the existing building stock. The working group 

were asked to firstly identify a list of specific stakeholders responsible for driving change 

towards a low carbon building stock. This list was compiled by the participants and 

summarised on a flip chart. Once compiled, the participants were then asked to list key 

driving forces for change, under each stakeholder. The drivers were then added to the flip 

chart under the relevant stakeholder groups. The third task was for the group to identify and 

agree on specific stakeholder actions required to realise change (low CO2 future). The 

specific actions were recorded against the individual driving forces and documented on a flip 

chart. 
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Session 3 (Stage 3 continued): 

 

Upon identifying Organisational/Stakeholder Forces, participants were then asked to Rank the 

Drivers & Forces through the use of an impact/uncertainty matrix. The matrix helped to 

narrow down, visualise, and structure the list of factors and drivers that the group feel had an 

influence on directing change towards a sustainable, low carbon, building stock. The working 

groups ranked the key factors and drivers on a high-medium-low rating, as part of the group 

discourse. The participants ranked several forces and drivers under predefined headings (for 

example, critical, planning & critical scenario drivers) in the summary matrix. The High 

Impact, Low Uncertainty items were identified as ‘predetermined elements’ or trends, several 

of which were included as descriptions within each future scenario. While High Impact, 

High Uncertainty items were identified as having ‘critical uncertainty’ with respect to 

developing a low carbon, energy consuming building stock. The group select two ‘critical 

scenario drivers’ (also known as critical uncertainty items) which were used to form the x 

and y axis of the two axes diagram, used to differentiate the scenario plots.  

 

Selection was based on the working group participants reflecting and reviewing the earlier list 

of driving forces towards an energy efficient building stock, and specific actions to be 

implemented, to drive change towards a low carbon future. The group came to a consensus 

(using A1 sketch sheets) through firstly voting individually, and secondly all these votes 

were summarised on an A1 flip chart for group discourse, using the Impact/uncertainty 

matrix, where participants viewed and commented on the final agreed matrix.  

 

Session 4: 

Develop Future Scenarios and story behind each. The fourth stage consisted of participants 

developing the scenarios using the 2x2 matrices. The scenario matrix, visualising (end state) 

and providing a logical baseline in developing individual scenarios. The matrix was based upon 

two ‘uncertain factors’ used to form the x and y axis of the two axes diagram. Once the different 

future building stocks were identified, the next step was to develop the stories behind each 

scenario, which enables a description of the paths along which the world arrives at, with 

respect to the four alternative scenarios.  

 

Participants were asked to answer to the following questions in visualising each future:  

• What will the energy demand from buildings look like in the year 2050?  

• What role will each stakeholder play in achieving this future?  

• What are the most important changes that have taken place up to this year?  

• What major opportunities or threats exist in realising this change?  

 

 

 

 

 

 

 

 

 

 

 


