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 FOREWORD FROM THE CHIEF 
EXECUTIVE OF THE NORTHERN 
IRELAND HOUSING EXECUTIVE

The ambition of the Architects of Change 
programme is bold — and rightly so. The challenges 
presented by climate change merit an urgency of 
intent, a relentless focus on expertise and skills and 
a commitment to civic leadership. If cities are to be 
genuinely climate resilient, then they must bring 
together problem solvers from across disciplines 
and empower them to act together. The Architects of 
Change programme does just that — uniting world 
class academics with students and business leaders, 
working together in the public interest. 

I have been fortunate to be associated with the programme 
since its origins, and I was immediately inspired by its central 
concept, to empower students to be the drivers of change 
in a city.  Turning on its head the idea that only experienced 
professionals (usually late in their careers) can be
changemakers, the programme invests in students’ abilities, 
their passions and their expertise. It positions them  
as responsible leaders, influencing how business make 
decisions and ultimately driving environmentally friendly 
business practices across Belfast.  

The programme has huge potential — it has resulted in this 
publication, which is an incredibly useful guide to sustainability 
practices, and which will hopefully drive improved practice 
across Belfast and beyond. It is a testament to what can be 
achieved through collaboration at an urban scale, partnering 
between anchor institutions such as Ulster University and 
Belfast City Council, and inspiring creative practice in 

organisations such as mine — the Northern Ireland Housing 
Executive (NIHE). This document will inform thinking and 
practice in NIHE as we take forward our retrofit programme 
at scale across the city, as we decarbonize our housing 
stock and improve the well-being of our tenants and the 
wider community.

I am very grateful to the leadership shown by Professor 
Raffaella Folli, Professor Aoife Houlihan Wiberg and Dr. 
Jayanta Mondol, who have designed and delivered the 
progamme, and to the Belfast Resilience and Sustainability 
Board, and Councillors and officers at Belfast City Council 
for their commitment to the programme. 
 
It has never been more important or necessary for civic 
leaders, anchor institutions and citizens to work together to 
solve climate related problems. Architects of Change is an 
outstanding example of collaboration in action, which will 
have far-reaching positive effects on the city and its residents.  
Its results will help improve the lives of people living in Belfast, 
and will ultimately increase their resilience to climate change 
today, and tomorrow. 

The 2021 Glasgow Climate Pact included some 
promising developments with new commitments 
and countries agreeing to update Nationally 
Determined Contributions (NDCs) for 2030, 
by COP27 later this year, with more ambitious 
emissions reduction targets for 2030. However, 
end-of-century warming is heading towards 2.7°C 
because only a few countries are making their 
pledges legally binding. We need to take urgent 
action because we are on a dangerous path to 
irreversible and catastrophic climate change.

As a City, we have committed to transitioning to an “inclusive, 
zero-emissions, climate-resilient economy within a generation”. 
Reducing emissions from the built environment is a key priority 
because in Belfast, our buildings account for 65% of GHG 
emissions. If we are to meet the goal of almost halving global 
emissions by 2030 and eliminating emissions completely by 
2050, we must fundamentally change the way we approach 
the built environment. This means we must increase energy 
efficiency – our buildings are leaky and poorly insulated. We 
must reduce the amount of carbon embodied in construction 
through improved resource efficiency – we still rely too 
heavily on concrete and steel. And we must accelerate the 
decarbonisation of energy used to heat buildings – most of 
our buildings are heated using oil and gas.

This manual includes exemplar case studies and is a rich 
resource on how to design and build zero carbon buildings 
and neighbourhoods as well as how to retrofit existing 
buildings. It represents two years of collaborative working 
and it is inspiring to see so many young professionals 
contributing to the manual. Their leadership is sorely needed 
to transform the industry onto a more sustainable footing 
where buildings and cities are more liveable, sustainable, 
resilient, and affordable. 

I very much hope that this manual will help to accelerate 
climate action in this key sector, and I urge the construction 
industry, civil society, and public bodies to work together to 
drive the sustainable regeneration of our built environment 
and the delivery of net-zero buildings and neighbourhoods 
across Northern Ireland.

FOREWORD FROM THE 
CLIMATE COMMISSIONER 
FOR BELFAST CITY COUNCIL

Debbie Caldwell
Climate Commissioner for Belfast
Belfast City Council

Grainia Long
Chief Executive
Northern Ireland Housing Executive



6    Acknowledgements Architects of Change 2022    7

In 2021 we launched “Architects of Change: An Architectonics 
of Education”: a project in partnership with Belfast City 
Council intended to bridge the Green Agenda generation 
gap by putting Ulster students at the centre of a training 
programme that, through educating organisational leaders, 
will support environmentally and socially sustainable practice. 
The project had two objectives; the development of a training 
manual and the delivery of a number of training days based 
on it.

We would like to thank the following people for their 
involvement and support in the project and for their advice
and guidance from its inception through to its completion. 

We would firstly like to extend our gratitude to Grainia 
Long, former Resilience Commissioner of Belfast, now 
Chief Executive of Northern Ireland Housing Executive, 
whose initial involvement helped shape and propel our 
project forward. Grainia was very enthusiastic about 
a project that placed our young people at the heart of 
a programme of change that is absolutely needed. 
She committed her efforts and energy to its success and 
we are very thankful for her support. We would like to 
thank Belfast’s Resilience & Sustainability Board for their 
contribution and funding, which was key to the delivery 
of the project. We would additionally like to thank Debbie 
Caldwell, current Climate Commissioner, for her deep 
interest and commitment to the project’s delivery, and for 
her recognition of the role it plays in fostering one essential 
aspect of any Climate plan:  engagement and buy in.

We would like to acknowledge the inspiration drawn 
from the University’s Learning & Teaching Strategy with 
its emphasis on applied research and civic contribution, 
and to thank in particular Professor Colin Turner, for his 
support and funding of the project. 

We would also like to thank Professor Alastair Adair, 
Pro Vice-Chancellor of the Greater Belfast Development, 
for the countless conversations in the crucial idea 
development stage, and for his unstinting enthusiasm 
for the project. 

Our gratitude also extends to Professor Duncan Morrow 
for his help and guidance in making sure the project reaches 
deep into our local communities, whom we believe will find 
a genuine benefit in this type of initiative. 

We are immensely grateful to Nuala Dalcz, Head of Greater 
Belfast Development Communications, for her expertise and 
her active involvement in the project team’s countless meetings. 
Her exquisitely sure-footed operational guidance throughout 
the past year has been vital.

Thank you to the University Deputy Vice-Chancellor Professor 
Paul Seawright and to the Vice-Chancellor Professor Paul 
Bartholomew for their steadfast support of this project inside 
the University.

This research project, manual and training programme 
gratefully acknowledges the use and adaptation of ZEB 
and ZEN knowledge content from The Research Centre on 
Zero Emission Buildings (ZEB) and The Research Centre for 
Zero Emission Neighbourhoods in Smart Cities (ZEN) hosted 
by The Norwegian University of Science and Technology 
(NTNU), Trondheim, Norway. We also gratefully acknowledge 
the support from the ZEB and ZEN partners and the Research 
Council of Norway.

A final thank you to the team of Architects on the ground 
who designed and delivered our project on a daily basis: 
our wonderful Master’s students, PhD Researchers and 
Dr Adrian Pugsley, directed by a knowledgeable, perceptive, 
determined and hugely capable Research Assistant, 
Jenny Jackson.

Professor Raffi Folli, Professor Aoife Houlihan Wiberg  
and Dr Jayanta Mondol
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ABBREVIATIONS
BER   Building Energy Rating
BREEAM    Building Research Establishment Environmental 

Assessment Method
EPBD   Energy Performance of Buildings Directive
LETI   London Energy Transformation Initiative
RIBA   Royal Institute of British Architects
TER   Target Emission Rate
TFEE   Target Fabric Energy Efficiency
UKGBC   UK Green Building Council
UN SDGs   United Nation’s Sustainable Development Goals

DEFINITIONS
A building envelope  consists of components that separate 
the interior from the exterior  i.e. windows, doors, roof, floors, 
foundations and insulation, that maintains a dry, heated or 
cooled indoor environment which also enables its climate 
control.

Carbon sequestration refers to the long-term removal, 
capture or storage of carbon dioxide from the atmosphere to 
slow or reverse pollution and to mitigate and reverse the effects 
of climate change. 

Combined heat and power boilers, sometimes also 
known as CHP units, are designed to produce heat and 
electricity simultaneously. These units can be sized to suit large 
scale commercial applications. On the heating side, the CHP 
unit operates in parallel to a boiler.

Daylight Autonomy (DA) is the amount of time you can 
expect to achieve a certain level of light using just daylight, 
without relying on the use of artificial lighting. 

Embodied emissions (EG) – Emissions coming from the 
manufacture of the materials used in the building, either at 
construction or for maintenance, this can also include emissions 
from the construction of the building.

An Energy Performance Certificate (EPC) is a rating 
that refers to a property’s energy efficiency and applies to 
building stock in the UK. Would-be buyers and renters use this 
to calculate how much their energy bills will cost in their new 
accommodation.

A greenhouse gas (GHG or GhG) is a gas that absorbs 
and emits radiant energy within the thermal infrared range, 
causing the greenhouse effect. 

Ground source heat pumps (GSHPs) work by extracting 
heat from the earth by running water through pipes deep 
underground. The water is then heated further using a heat 
pump that uses electricity to compress the water, thereby 
raising the temperature in the process.

Heat recovery ventilation (HRV) is an energy recovery 
ventilation system that works by transferring heat or coolness 
from stale exhaust air to fresh intake air. This balanced solution 
removes excess moisture, odours and contaminants while 
conserving energy and enhancing comfort.  

Heating, ventilation and air conditioning (HVAC) is  
a system that provides heating and cooling to residential and 
commercial builds. It is also a source of proper ventilation, 
allowing for moisture to escape. This system includes products 
like air conditioners, heat pumps, boilers, etc.

Life Cycle Assessment (LCA) is an assessment of a 
building’s emissions over its life cycle from ‘cradle to grave’. 
This can include both embodied and operational emissions as 
well as what happens to the building at the end of its lifespan 
i.e. demolition, recycling or materials or reuse. 

Mechanical Ventilation and Heat Recovery system 
(MVHR system) is a whole house ventilation system that 
operates by supplying and extracting air throughout a 
property. This system provides a constant flow of fresh filtered 
air and maintains good air quality through low-energy means. 
Utilising a MVHR  system can also recover up to 95% of heat 
that would have otherwise been lost.

Nearly Zero-Energy Building (nZEB) – A building that 
has a very high energy performance with a nearly zero or very 
low amount of energy required to operate which mostly comes 
from renewable sources, including sources produced on-site 
or nearby.

Net Zero Emission Building (ZEB) is a building whose 
carbon emissions associated with the building’s usage and 
construction stages, up to practical completion, equals 
zero or negative. To achieve a high energy efficiency, the 
building is powered by on-site or off-site renewable energy 
sources, mainly achieved by any unused surplus energy being 
transferred back to the grid.

Operational Emissions (energy) – Emissions (or energy 
consumption) resulting from a building as a result of its use or 
operation e.g. lighting and heating.

Passivhaus Standard – An international energy 
performance standard with buildings constructed to the 
Passivhaus standard reaching 30,000. The key focus of 
Passivhaus is to significantly reduce the requirement for space 
heating and cooling, whilst also improving a building’s indoor 
comfort levels.

Plus house (also called an energy-plus building) 
is a building that produces more energy from its renewable 
sources, over the span of a year, than it relies upon from 
external sources. 

Volatile Organic Compounds (VOCs), defined by the 
European Union, are “any organic compound having an initial 
boiling point less than or equal to 250°C (482 °F) measured 
at a standard atmospheric pressure of 101.3 kPa (kilopascal)”. 

ZEB Definitions
The Norwegian definition of a Zero Emissions Building (ZEB) 
is a building that over its lifetime of 60 years has net zero 
greenhouse gas (GHG) emissions. The ZEB Research Centre 
measures operational energy and lifetime emissions in CO2eq.  

The centre has defined various ambition levels for ZEBs 
depending on the phases of the building’s life cycle that are 
accounted for. In ascending order of ambition, these include:

ZEB – O
The building’s renewable energy production compensate for 
greenhouse gas emissions from the building’s operation. 

ZEB – O ÷ EQ
The building’s renewable energy production compensate for 
greenhouse gas emissions from operation of the building minus 
the energy use for equipment (plug loads).

ZEB – OM
The building’s renewable energy production compensate for 
greenhouse gas emissions from operation and production of 
its building materials.

ZEB – COM
The building’s renewable energy production compensate for 
greenhouse gas emissions from construction, operation and 
production of building materials.

ZEB – COMPLETE
The building’s renewable energy production compensate 
for greenhouse gas emissions from the entire lifespan of the 
building. Building materials – construction – operation and 
demolition/recycling.

ABBREVIATIONS
& DEFINITIONS
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A unique research partnership between 
Ulster University and Belfast City Council.

Supporting Belfast’s Resilience Strategy’s ambition for 
‘an inclusive, low-carbon, climate-resilient economy in a 
generation’, the Architects of Change project puts students 
from Ulster University’s School of Architecture and the Built 
Environment at the heart of developing and delivering a 
training programme to business leaders across the region.

A collaborative effort between Belfast City Council and Ulster 
University, this ambitious project aims to sustainably bridge the 
Green Agenda skills gap that has faced Belfast for generations. 
Leading academics will work with students on strategies for 
smart cities, zero emission definitions and delivery aiming to 
identify how gaps in knowledge and skill can be addressed 
through training.

The Climate Change Emergency is obviously not a new concern 
but in recent years it has gained enormous social traction thanks 
to the global media presence of Greta Thunberg, the Extinction 
Rebellion movement and the ever-increasing awareness 
for adopting more “green” lifestyles in the face of evident 
environmental degradation. 

This training programme will support business leaders to access 
the relevant knowledge to deliver environmentally, socially 
sustainable practices within their organisations. Architects of 
Change seeks to highlight local and global objectives and 
to provide an opportunity for local business leaders to learn 
from and be inspired by experts, to showcase Belfast as a 
progressive city and to engage with youth in the early stages 
of their environmental journey — centering around the concept 
that new generations are ‘teaching’ older generations about 
facts that can’t be ignored anymore; changes need to be made. 

The outcome of this project will be a mentoring programme and 
associated manual for local business leaders. Participants will 
also receive materials and consultancy from the University to 
ensure growth beyond the life of the training.

There is also the opportunity of supporting Belfast’s economic 
growth by placing emphasis on sustainability that will enable 
the city to react to future challenges. Focusing on expanding 
knowledge of the green economy is the key to progressing on 
our climate journey. In 2020, the UK Government pledged 
over £5 billion in support of a green recovery. “The Ten Point 
Plan for a Green Industrial Revolution” will mobilise £12 
billion of government investment and will focus on creating 
and supporting high-skilled high-paid sustainable jobs, with 
ambitions to advance offshore wind, drive the growth of low 
carbon hydrogen, promote zero emission vehicles, and develop 
green finance and innovation.

At COP26, the UN Climate Change Conference – held on 
31 October to 12 November 2021 – Ulster University students 
submitted work in various streams to coincide with research 

projects driven by the School of Geography and Environmental 
Sciences and the Nutrition Innovation Centre for Food and 
Health (NICHE). 

Bolstered by the UK’s ambition for a green revolution, Architects 
of Change will deliver innovative concepts for design, planning, 
construction and management of climate resilient, net zero 
emission buildings and communities. It will help shape Belfast 
as a smart, green city; improving the health and wellbeing of 
citizens, users and communities. 

1.1 AIM & OBJECTIVES
This ambitious project aims to:
•  consolidate the already fruitful engagement between 

Belfast City Council, the University and the local business 
community to deliver an innovative mentoring programme  
in support of Belfast 2023

•  connect with businesses throughout Belfast to support more 
environmentally friendly business practices and policies

•  ensure growth through understanding the strategic 
implications of sustainability risks/opportunities and 
enhancing innovative thinking

•  underscore the value of Ulster University to the Belfast 
community as a dynamic education provider, committed to 
academic and research excellence and sustainable business 
practices across a wide range of disciplines

•  enable business leaders to shift their approach to 
sustainability to build competitive advantage and to  
exploit opportunities through green efficiency

1.2  CONTEXT & 
RELEVANCE
The world is in the throes of a climate crisis. Sea temperatures 
are rising, severe weather warnings of drought and flooding are 
reported frequently, vast ecosystems are rapidly deteriorating, 
with record-breaking temperatures set over the past year. The 
UN’s Intergovernmental Panel on Climate Change (IPCC), a 
group of scientists whose research is endorsed by the world’s 
governments, has warned of a “code red for humanity”. 

The report, published in 2021, and the first major review of 
climate change since 2013, preceded the key climate summit in 
Glasgow known as COP26 (UN Climate Change conference 
known as Conference of the Parties). The IPCC warns that 
human influence has warmed the climate, with global surface 
temperature currently measured at 1.09°C higher in the decade 
between 2011-2020 than between 1850-1900, and the rate of 
sea level rise tripling in comparison to figures from 1901-1971. 
The recent report also notes that the past five years have seen 
the hottest temperatures on record since 1850. [1]

If we continue this trajectory, there will be irreversible damage 
done to our planet and replenishing our depleting natural 
resources will no longer be enough if we do not take action to 

[1] IPCC Report AR6 2021

CHAPTER 1 
INTRODUCTION
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combat the effects of climate change. Taking these factors into 
account, we must strategically implement sustainable practices 
to provide ways for future generations to live in a clean, 
economical and green world. We must educate our youth (and 
older generations) to think of the planet as finite; resources will 
run out and life as we know it will diminish in value and scope. 
We have a duty as custodians of this planet to ensure its, and 
our, survival. 

In 2020, the Covid-19 pandemic posed an unprecedented 
global challenge, impacting the way in which we operate and 
live our lives. Education, local businesses, international travel, 
along with health and wellbeing, daily life and the global 
economy, were all directly affected. Considering the varying 
ways this global threat united countries to find a solution in the 
form of a vaccine, the pandemic has brought into sharp focus 
the need for preparedness and action-led agendas to create 
and find commonalities in areas of pressing societal concern. 
But despite a significant decrease in human activity impacting 
global GHG (greenhouse gases), we still exceeded climate 
targets showing that even though we “ceased” considerable 
output due to the pandemic, it has highlighted that compound 
improvements over time are imperative to overall change.  

In spite of all this talk of an impending climate catastrophe, we, 
as Architects of Change, are determined to support our leaders, 
and ourselves, by addressing the need for action. Inspired 

by RIBA’s Sustainable Outcomes Guide, a guide focusing on 
embedding sustainable outcomes into practice, and the UN’s 
Sustainable Development Goals 2030 (SDGs) — devised in 
2015 as a means to introduce and innovate change for every 
citizen of the world, regardless of their demographic, education 
and location — this programme seeks to address the green 
agenda by exploring each topic outlined in this manual to 
inspire each other to become better climate-custodians and 
harness the collective power of our past knowledge to pass this 
torch on to future generations. 

Doubtless, the pandemic’s impact will continue to be felt in 
generations to come, not least the influence on the global 
economy, the built environment and on the health and well-
being of the world’s citizens. Architects of Change aspires to 
discuss regional and global climate matters, and with the built 
environment contributing around 40% of the UK’s total carbon 
footprint across the industry [2], the onus is on us as sustainable 
individuals to deliver and lead the transition to meet the UK’s 
ambitious target of net zero carbon by 2050 and beyond.

“There is no plan B because  
there is no planet B.” 

Unknown

[2] UKGBC https://www.ukgbc.org/climate-change/

https://www.ukgbc.org/climate-change/
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2.1 CLIMATE ADAPTATION  
& RESILIENCE 
In 2020 the amount of CO2 in the atmosphere reached 
record levels of 417 parts per million, which is the highest in 
around 4 million years, during the Pliocene era, when global 
temperatures were 2-4°C warmer and the sea levels were 
10-25m higher than they are today. António Guterres (UN 
Secretary General) said, “Let’s be clear: Human activities are 
at the root of our descent towards chaos. But that means human 
action can help solve it.”

This sentiment couldn’t be more apt when combating the 
effects of climate change. Humans have caused this climate 
emergency, so it must be us who reform our actions. What does 
it mean to live on a steadily warming planet? What can we 
do to change our ways? To put it simply: reduce greenhouse 
emissions, produce, and introduce legislation to encourage the 
development of sustainable homes, limit unnecessary transport 
e.g., planes, non-electric cars, etc., introduce green transport 
with incentives, shift the narrative on humanity’s consumption of 
natural resources; think harnessing wind, think utilising ground 
heat, consider finite resources. Climate activists and scientists 
around the globe have been saying the same thing for years; 
the world is in its sixth mass extinction event (Ceballos et al., 
2020). Entire ecosystems are on the brink of disappearing 

forever. The Great Barrier Reef reports severe coral bleaching 
and a rise in ocean acidification from CO2 being absorbed 
from the atmosphere; a more acidic ocean means corals are 
less able to build skeletons and form coral reefs (Great Barrier 
Reef Foundation, n.d.). Sea animals are changing their feeding 
and migration patterns due to warming oceans (Poloczanska et 
al., 2013), and an excessive concentration of carbon dioxide in 
the atmosphere is stripping the planet of its natural regulation of 
temperature which in turn leads to global warming.

In 2015, at the UN Climate Change Conference (COP21) in 
Paris, the Paris Climate Agreement historically brought world 
leaders into agreement — to set long-term goals to guide 
all nations by substantially reducing global greenhouse gas 
emissions to limit an increase in temperature; review countries’ 
commitments every five years; and lastly, to provide finances for 
developing nations to mitigate climate change. The Agreement, 
a legally binding international treaty, entered into force on 4 
November 2016 (UNCOP21, 2015).

With the rise in global prominence of climate activists such as 
Greta Thunberg and the Extinction Rebellion Movement putting 
pressure on policymakers to address the severity of the situation, 
statements, no matter how impactful, show that these movements 
highlight the importance of taking the climate emergency 
seriously.

“There are no passengers on
Spaceship Earth. We are all crew.” 

Marshall McLuchan

CHAPTER 2 
GLOBAL CONTEXT

& MITIGATION
PATHWAYS

2.1 Climate Adaptation & Resilience
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The United Nations Sustainable 
Development Goals (SDGs) 
Influence
Influenced by The United Nations 17 Sustainable Development 
Goals [Fig.1], Architects of Change aligns with two SDGs: SDG 
11 “Sustainable Cities and Communities” [Fig. 2] and SDG 
13 “Climate Action” [Fig. 3]. These important global goals 
work by implementing factors such as affordable and clean 
energy, industry, innovation and infrastructure, encouraging 
good health and well-being, and most importantly, addressing 

climate action — the forefront of the world’s focus. 
The UN’s Sustainable Development Goals 2030 (SDGs) — 
adopted in 2015 for the benefit of all the world’s citizens — 
outlines 17 Sustainable Development Goals that are inclusive, 
people-centred and transformative. At the forefront of these 
goals is the underlying commitment to address glaring issues of 
inequality, poverty and restrictions facing those in developed 
and developing countries. This global partnership stretches 
past borders and countries to make the 2030 Agenda a reality 
with broad ownership of the SDGs being taken on by all 
stakeholders to implement these global goals. 

Figure 2: Goal 11 “Sustainable 
Cities and Communities” strives for 
cities and human settlements to be 
inclusive, adaptive, sustainable  
and resilient. 

Figure 3: Goal 13 “Climate Action” 
strives for urgent action to combat the 
effects of climate change. 

Figure 1: The UN’s Sustainable Development Goals (Source: https://sdgs.un.org/goals)

According to recent data from the Global Carbon Project, the 
country with the current largest CO2 emissions in the world 
is China, closely followed by the United States, India, Russia, 
then lastly, Japan (Earth System Science Data, 2020). In 2018 
alone, China produced 10.06 billion metric tons of CO2 (Union 
of Concerned Scientists, 2020), with these incredible statistics, 
world leaders must face up to the fact that the biggest culprit of 
CO2 emissions for these countries is electricity, most notably, 
the dependence on fossil fuels such as coal. 

Stemming from the Industrial Revolution, which took place 
from the eighteenth and nineteenth centuries, the increased 
concentration of CO2 has advanced further by the rapid 
development of manufacturing activities around the world. 
Consumerism, deforestation, increased agriculture farming 
and the burning of fossil fuels are the primary contributors to 
growing greenhouse gas emissions today.

Yet, what can be done about the climate emergency? Carbon 
sinks — both natural and man-made — have been shown to 
reverse the effects of climate change, though not significantly. 
Ireland’s peat bogs, wetland that has accumulated the deposit 
of dead plant material such as moss, are capable of storing 
large amounts of CO2 but remains a highly carbon-inefficient 
fuel, even more so than coal. Even the Earth’s “lungs” — the 
Amazon rainforest and other large bodies of forests and 
woodland areas — can only remove so much CO2 to improve 
the quality of life for Earth’s citizens, but not when vast swathes 
are being cut down for agriculture farming. If not on land, we 
must strengthen sea ecosystems such as wetlands, mangroves 
and seagrass meadows which help absorb CO2 from the 
atmosphere. These diverse ecosystems play a pivotal role in 
storing carbon. 

With large percentages of both local and global carbon 
emissions originating from our built environment, both from 
construction and use, how we use and build our cities and 
the places we live have a key role to play in reducing overall 
emissions. The UK is now targeting a 100% reduction in CO2 
equivalent emissions from 1990 levels by 2050 — to achieve 
this all aspects of life will have to adapt, but how we approach 
building is going to have to play a key role in reaching this 
target. There is no ‘one size fits all’ approach here, instead, we 
need to consider how design from the very early stages of a 
building or neighbourhood can be best suited to create energy 
efficient buildings. It is also important to remember that vast 
amounts of our built environment and infrastructure already exist 
and will exist for many years to come; the buildings of today will 
still be here in 2050, yet may not be designed to suit the future 
challenges we face.  There is therefore the question of how 
we adapt our existing buildings to play their part in reaching 
Net Zero targets. Undoubtedly, addressing these issues will 
not only call for a change in design ethos but will include the 
use of technologies and the use of different materials that are 
perhaps outside the industry’s comfort zone currently. It is also 
important to ask how we measure and assess our buildings and 
what can be done to further encourage change be that through 
regulation, incentives or guidelines. 

The following chapters in this manual will discuss UK regulations 
and voluntary initiatives surrounding greenhouse gas emissions, 
nearly zero energy building legislation, Belfast’s Resilience 
strategy and will then move further afield by exploring lessons 
learned from Norway, through its Zero Emission Buildings 
Research Centre and Zero Emission Neighbourhood pilots, to 
the final chapters on reducing embodied emissions, retrofitting 
and future climate resilience.  

https://sdgs.un.org/goals
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3.1 INTRODUCTION  
TO REGULATIONS

Throughout both Ireland and the United Kingdom there are 
numerous laws, regulations and voluntary initiatives around 
greenhouse gas emissions and the energy performance of 
our built environment. Diagram [Fig.4] illustrates the current 
regulatory picture in the United Kingdom, the Irish system 
currently also follows a broadly similar structure. 

Current building regulations in both the UK and Ireland are 
focused solely on the energy performance of buildings, with a 
focus on creating more energy efficient buildings which then in 
turn reduces emissions by using less energy. However, as will 
become clear throughout this document, emissions from energy 
use are only a small part of the jigsaw when it comes to tackling 
greenhouse gas emissions from the built environment. Further 
to this, current regulations primarily address new buildings 
with existing buildings only regulated in scenarios where 
substantial work is being carried out to them. The requirements 
of current regulations also vary from nation to nation, even 
within the UK, with Northern Ireland currently having some of 
the lowest minimum performance requirements. For example, 
the emissions from energy use of a building constructed in 
Belfast today would be much greater than the same building 
built in Manchester, when working to the minimum regulatory 
requirements. This leads to a confusing picture from a regulatory 
perspective, while overall ambition levels of the current 
regulations generally remain low, especially in the UK.  

Whilst the regulations vary from nation to nation and can create 
a confusing and varied picture, various voluntary schemes are 

more applicable anywhere and often set a more rigorous and 
onerous target than the regulations. In recent years a number of 
voluntary initiatives have begun to emerge seeking to establish 
methods of assessing and ways of actively reducing emissions 
from construction and buildings. These schemes often cover 
all sources of emissions from buildings, including embodied 
emissions from construction and materials to emissions from use 
and energy of the building in question.   

3.2 NEARLY ZERO ENERGY  
BUILDING LEGISLATION 
As previously highlighted, one of the core pieces of legislation 
driving a move towards ‘Nearly Zero Energy Buildings’ is the 
European ‘Energy Performance of Buildings Directive (EPBD)’ 
(2010/31/EU), which applies to EU member states as well as 
the UK as it was enacted prior to the UK’s withdrawal from the 
European Union. The EPBD sets out the definition of nearly zero 
energy buildings as:  

“a building that has a very high energy performance, as 
determined in accordance with Annex I. The nearly zero or very 
low amount of energy required should be covered to a very 
significant extent by energy from renewable sources, including 
energy from renewable sources produced on-site or nearby;” 

Definitions – Article 2 Energy Performance of Buildings 
Directive (2010/31/EU) 

PRIMARY LEGISLATION
The Climate Change Act 2008 (2050 Target Amendment) Order 2019 (UK)

(Overall Net Zero Carbon Emissions)

Energy Performance of Buildings Directive (EPBD) (European)
(nearly zero energy buildings)

SECONDARY LEGISLATION
Building Regulations

Building Regulations 2012 (Northern Ireland)
(inc 2014 amendments to Part F: Conservation of fuel and power)

Building Regulations 2010 (Eng & Wales)
(inc 2016 & 2018 amendments to Part L: Conservation of fuel and power)

VOLUNTARY FRAMEWORKS
UKGBC – Net Zero Carbon Buildings – A framework Definition

LETI – A Climate Emergency Design Guide / Retrofit Guide
RIBA 2030 Climate Challenge

National Plans

Figure 4: Diagram showing outline legislative structure in UK.
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As part of the EPBD there is a requirement on individual 
nations to set out how they will meet the targets of the EPBD 
in a national plan.  These ‘National Plans’, by definition, vary 
between countries and set out how individual countries define a 
NZEB (Nearly Zero Energy Building) and how they will increase 
the numbers of NZEBs. One of the general criteria of the EPBD 
is that from the 1st January 2019 all public sector buildings 
should comply with the NZEB requirements and that from 
1st January 2020 this extends to all buildings, i.e. including 
residential properties as well.  

Within both the UK and Ireland the implementation of the EPBD 
and the requirements of the national plan is accomplished 
through the respective building regulations. In the UK, especially 
Northern Ireland, this currently means that buildings only need 
to meet energy performance requirements from 2012 (Eng) 
and 2009 (NI) in order to comply with the UK definition of an 
NZEB under the EPBD legislation. It is the case in both these 
jurisdictions that regulations are due to be updated to better 
define these NZEB requirements. In Ireland figures for typical 
performance of a dwelling that would comply with the EPBD 
NZEB definition are included, for example, a dwelling with 
Primary energy usage of 45kWh/m2yr or CO2 emissions of 
10Kg/m2yr would be considered compliant with the EPBD 
and Ireland’s corresponding national plan. Please refer to 
section ‘3.3 UK & Ireland Legislation’ for further details of how 
the building regulations are used to add further detail to EPBD 
legislation. 

The definition of an NZEB under the EPBD currently targets a 
low baseline ambition level when in the context of addressing 
emissions from buildings.  This is partly due to the fact that 
NZEB in this context is only dealing with operational energy 
rather than including the embodied emissions from construction 
or maintenance. Furthermore, the EPBD definition of an NZEB 
only requires a reduction in energy, targeting net zero energy, 
rather than eliminating emissions from operation entirely. Whilst 
there is a clear benefit in reducing emissions in any form, the 
ambition of the EPBD is limited and as such may require further 
amendments to truly have a positive impact in reaching both 
global and national overall emission reduction targets. 

3.3 UK & IRELAND 
LEGISLATION 
& VOLUNTARY 
INITIATIVES
UK & Ireland Legislation 
As previously illustrated, in the UK, requirements for emissions 
from buildings are included within legislation such as the 
Climate Change Act 2008, which sets out broad targets for 
emission reductions across all sectors of day-to-day life, as 
well as the previously discussed EU EPBD legislation. The actual 
enforcement and detail of these pieces of legislation is carried 
out and included within the Building Regulations. Similarly, in 
Ireland, the building regulations are used to enforce and add 

further detail to the EPBD and the ‘Climate Action and Low 
Carbon Development Act 2015’. 

Currently the building regulations in all parts of the UK vary 
from nation to nation, with requirements in Northern Ireland 
generally lower than the requirements in other parts of the UK. 
The building regulations apply to all new habitable buildings 
constructed today, they also apply to existing buildings when 
carrying out any works but requirements to improve the thermal 
or energy performance of an existing building only apply when 
significant work is being carried out to that building. While the 
building regulations control all aspects of a building, from the 
structural performance to the steepness of ramps or stairs, it is 
Part L (Eng), Part F (NI) and Part L (Ireland) that address thermal 
and energy performance and is most relevant when looking 
at zero energy or zero emission buildings. When dealing with 
thermal and energy performance the current versions of the 
respective building regulations in both the UK and Ireland only 
deal with the operational energy aspect of a building, i.e. they 
do not yet address embodied emissions.  

In the UK regulations, in order to assess the performance of a 
building’s energy or thermal performance, there are two metrics 
used; Target Emission Rate (TER) and for dwellings only, Target 
Fabric Energy Efficiency (TFEE).  

 TER = Target Emission Rate - kgCO2/m2/yr 

 TFEE = Target Fabric Energy Efficiency - kWh/m2/yr 

Similar to the TFEE in the UK, Irish regulations use a Building 
Energy Rating (BER); this is used for dwellings, with a similar 
methodology also required for non-residential buildings.  

 BER = Building Energy Rating  - kWh/m2/yr 

In comparison to the Norwegian definitions for ZEB (see p9) 
this roughly equates to a ZEB-O÷EQ building, taking into 
consideration operational energy for heating and lighting but 
not plug loads.

In the UK in order to comply with the building regulation criteria 
for TER and TFEE a building must perform better than a notional 
building of the same size and use, the performance of this 
notional building is calculated using the Standard Assessment 
Procedure or SAP and is based on pre-established data sets 
which cover aspects from the construction of the walls and 
insulation to the type of heating and fuel used.

In Northern Ireland, although there have been minor updates 
to the regulations themselves, in 2012 and 2014, the data used 
for the SAP calculations is still based on 2009 models. This 
essentially means that buildings are still being built against 
2009 standards and whilst technology and understanding have 
improved in recent years the regulations and standards used 
to assess them still lag behind. The picture in the rest of the UK 
is only slightly better, again while the regulations have seen 
updates in recent years, they still rely on SAP standards 
from 2012.  

In Ireland, recent updates to the building regulations (Part 
L) have provided more onerous and ambitious targets 
around energy performance of buildings than the current UK 
regulations provide. A building is deemed to have met the 
regulations related to the EPBD if it limits the primary energy 
consumption and resulting CO2 emissions to the nearly zero 
energy requirements, i.e. 45kWh/m2yr or CO2 emissions of 
10Kg/m2yr as outlined in the EPBD national plan. Similar to 
the UK, a standard assessment procedure is used to calculate 
the predicted energy consumption and emissions from a 
building, for housing in Ireland this is the ‘Dwelling Energy 
Assessment Procedure’ (DEAP) and for non-residential this 
is the ‘Non Domestic Energy Assessment Procedure’ (NEAP). 

The following table [Fig.5] gives a brief comparison between 
some key aspects of the SAP criteria between England & 
Wales and NI used in the TER calculations for generation of the 
target building baseline scenario, it is not possible to directly 
compare with the DEAP method in Ireland. While the regulations 
in Ireland have been amended and include clauses relating 
directly to the EPBD, in the UK additional clauses have been 
added to the regulations in England and Northern Ireland that 
require buildings to comply with pre-existing clauses within 
the existing regulations to meet the EPBD. This therefore simply 
means that buildings are currently deemed to be compliant 
with the EPBD based on energy performance regulations from 
2014 (NI) and 2016 (Eng), however; as explored above, these 
are also based on outdated SAP criteria from 2009 and 2012, 
therefore making a supposedly ‘nearly zero energy’ not only 
easy to achieve with today’s technology but also not very 
aspirational when it comes to reducing emissions from our 
built environment. 

Proposed updates to the building regulations in England 
recommend tighter limitations on the TER and TFEE requirements, 
including better allowing for renewable energy sources. 
These updates to the regulations also rely on updates to the 
SAP standards to a much more current 2020 version, again 
incorporating the likes of renewable energy sources. 
In Northern Ireland, proposed updates to the regulations 
are still in progress, however; as of autumn 2021 a public 
consultation, the first step, was launched on an uplift to the 
existing regulations to bring them in line with upcoming 
changes in England. 

Voluntary Initiatives
In recent years a number of voluntary initiatives have begun 
to emerge as the construction industry begins to tackle 
emissions from our built environment. These initiatives have 
been developed by numerous industry bodies and groups 
with a degree of alignment between the various definitions 
and approaches. 

UK Green Building Council – Net Zero Carbon 
Buildings: A Framework Definition
One such voluntary initiative is the UKGBC’s ‘Net Zero Carbon 
Buildings: A Framework Definition’. This guidance seeks to 
establish definitions of net zero carbon buildings in the UK and 
applies to the UK, including NI, but could equally be applicable 
to Ireland as well.  The framework can be applicable to all 
building typologies but is primarily focused on the commercial 
sector. There is a focus on transparency and reporting of energy 
usage which is more problematic in some domestic scenarios 
as well as there being concerns around privacy. The framework 
goes on to outline three varying ambition levels of net zero 

Figure 5: Table showing relative SAP values used in reference buildings for Eng & Wales and NI.

(Key points taken from the various SAP criteria - link to website where full criteria for each of the various years can be viewed is: 
https://www.bregroup.com/sap/standard-assessment-procedure-sap-2009/)

SAP 2009
(Northern Ireland)

SAP 2012
(England and Wales)

SAP 10.2
(Future for Eng & Wales)

Walls U-Value 0.35 W/m2K 0.18W/m2K 0.18W/m2K

Floors U-Value 0.25 W/m2K 0.13 W/m2K 0.13 W/m2K

Roofs U-Value 0.16 W/m2K 0.13 W/m2K 0.11 W/m2K

Low energy light 
fittings 30% 100% 80 lm/W Efficacy

Air Permeability 10m3/h.m2 at 50 Pa 5m3/h.m2 at 50 Pa 5m3/h.m2 at 50 Pa

Renewables N/A N/A
PV - kWp = 40% of floor area 

of lowest storey

https://www.bregroup.com/sap/standard-assessment-procedure-sap-2009/
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Figure 6: Example of parameters on small scale housing typology. (Source: ‘LETI Climate Emergency Design Guide’ (p26-27) – LETI, 2020)

The guide focuses on 4 main typologies of building, which it 
expects to represent up to 75% of new buildings between now 
and 2050. These typologies are as follows:

•Small Scale Residential (terraced/semi-detached housing)
•Medium and Large Scale Residential (four floors and higher)
•Commercial Offices
•Schools

For each of these typologies the LETI guide sets out key 
parameters and targets for these buildings to reach for all 
aspects of operational energy as well as embodied carbon. 
The below image [Fig.6] shows an example of these parameters 
for the small scale housing typology. 

The LETI design guide considers low energy consumption to be 
one of the key characteristics of a zero carbon building and 
that by considering this at early design stages energy demand 
can be reduced without the need for complicated mechanical 
systems. Similarly with renewable technologies where energy 
demand is first reduced this then defines the extent of renewable 
technology required, essentially — the lower the energy 
demand the easier it is to achieve Net Zero Carbon. 

On embodied carbon, the LETI guide highlights the fact that as 
operational emissions are reduced through improved efficiency 
and decarbonisation of electrical supply, the proportion 
of a buildings coming from embodied factors will increase 

reinforcing the need to also address embodied carbon. The 
design guide advocates for the use of LCA at the design stages, 
specifically at RIBA Stage 3. This would form part of a study 
on the whole life carbon which identifies a breakdown of the 
embodied carbon in the building elements and how reductions 
for respective elements could be achieved.

Existing Buildings
Published in autumn 2021, LETI’s Retrofit Guide looks 
specifically at existing homes and how these can be retrofitted 
to reduce emissions from heating and powering our homes.  
Given that by their very nature existing homes have already 
been constructed, most embodied carbon associated with these 
buildings has already been produced, therefore the focus of the 
retrofit guidance is on operational energy for heating, water 
and energy. Similar to the new buildings guidance from LETI the 
retrofit guide outlines targets for these various parameters, with 
two levels - a ‘LETI Best practice’ target and a ‘LETI Exemplar’. 
Given that existing buildings can also limit the options and 
extent of retrofit the guide also makes allowances for these 
‘constrained’ projects, where budget and area limitations may 
restrict retrofit opportunities. The guide also goes on to outline 
U-Value targets for each of the two levels of ambition. The 
below image [Fig.7] shows an example of the parameters for 
the retrofit of a typical semi detached property.

Figure 7:  Example of the parameters for the retrofit of a typical semi detached property. (Source: ‘LETI Climate Emergency Retrofit Guide’ 
(p78-79) – LETI, 2021)

carbon buildings – construction, operational energy and life 
cycle. These are defined within the framework as follows:  

•  Net Zero Carbon – Construction (1.1): “When the amount 
of carbon emissions associated with a building’s product 
and construction stages up to practical completion is zero 
or negative, through the use of offsets or the net export of 
on-site renewable energy.” 

•  Net Zero Carbon – Operational Energy (1.2): “When the 
amount of carbon emissions associated with the building’s 
operational energy on an annual basis is zero or negative. 
A net-zero carbon building is highly energy-efficient and 
powered from on-site and/or off-site renewable energy 
sources, with any remaining carbon balance offset.” 

•  Net Zero Carbon – Whole Life (1.3): “When the amount  
of carbon emissions associated with a building’s embodied 
and operational impacts over the life of the building, 
including its disposal, are zero or negative.” 

The first definition above (Construction) excludes the 
operational life cycle stages and instead focuses solely 
on embodied emissions produced during the product and 
construction stages. The second definition (Operational Energy) 
instead focuses on operational life cycles accounting for energy 
used for heating, cooling and lighting as well as equipment or 
other plug loads. The final and most ambitious definition (Whole 
Life) combines both of the other definitions together as well as 
additionally considering water consumption and wastewater 
treatment. 

The framework encourages the use of on-site renewable energy 
sources to balance any GHG emissions and this approach is 
prioritised over using off-site renewables or offsetting. Where 
GHG emissions are to be offset recognised frameworks should 
be used to do this.

LETI – Climate Emergency  
Design Guides
Another similar voluntary scheme has been established by LETI 
(London Energy Transformation Initiative) who have published 
a series of Design Guides for both new build and retrofit as 
well as guidance on embodied carbon. Established in 2017,  
LETI is a voluntary group of built environment professionals 
working together to provide guidance and recommendations 
for new policy initially supporting the transition of London’s 
built environment to Net Zero Carbon, however, this has been 
extended so that guidance can also be applicable to the rest of 
the UK.

New Buildings
LETI’s first guidance document focused on new buildings with 
the intention of seeing 100% of new buildings designed by 
2025 able to deliver Net Zero Carbon and that by 2030  
100% of buildings constructed are Net Zero Carbon. The design 
guide seeks to address the whole life carbon of buildings, i.e. 
including both operational and embodied carbon. 
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RIBA 2030 Climate Challenge
Aimed primarily at its members and chartered practices the 
RIBA 2030 Climate Challenge is another voluntary scheme 
intended to reduce the emissions from our built environment. 
With no certification procedure associated with the RIBA 2030 
Climate Challenge, its aim is to establish a set of performance 
targets for RIBA Chartered practices to aim for. Aligned with 
future legislation, the Climate Challenge seeks to set out 
challenging targets but ones necessary to see reductions in 
emissions by 2030 and the longer goal of achieving Net Zero 
Carbon by 2050. 

The 2030 Climate Challenge sets out 4 key targets for projects 
to achieve as soon as possible but there are a minimum for 
projects operational in 2030. These 4 areas are as follows:

•  Operational energy reductions of at least 60% from current  
business as usual figures (before any offsetting)

• Embodied carbon reductions of at least 40% from current  
 business as usual figures (before any offsetting)

• Potable water use reductions of at least 40% from current  
 building regulations/CIRIA benchmarks

• Health and wellbeing metrics relating to the following;
 Overheating, Daylighting, CO2 Levels, VOCs,   
 Formaldehyde

The below image [Fig.8] shows an extract from the 2030 
Climate challenge indicating target metrics for residential 
projects. As can be seen from the previous sections on the 

LETI guidance there is crossover between operational energy 
targets, with both guides targeting less than 35 kWh/m2/yr, by 
2030 in the RIBA case. However, it is also worth noting that this 
kind of target is distinctly lacking from the current iteration of the 
building regulations.
 

3.4 BELFAST RESILIENCE 
STRATEGY
The Belfast Resilience Strategy — the city’s first Climate Plan 
— was formally launched on 15 December 2020. Key to 
the strategy’s aims were the need for Belfast’s preparedness 
for potential future economic and environmental shocks and 
to ensure recovery despite these possibilities. Following an 
extensive engagement and collaboration with key partners, and 
produced by the Belfast Resilience and Sustainability Board, the 
strategy sets an ambitious climate-driven target for the city.

Resilience Goal
The strategy follows two years of engagement across the city 
and contains 30 transformational programmes, agreed by city 
partners, and aimed at transitioning Belfast to an “inclusive, 
zero-emissions, climate-resilient economy within a generation”. 

One of the 30 programmes outlined in the strategy, Architects 
of Change is a deliverable project that seeks to align with the 
strategy’s vision for a harmonious and forward-thinking climate-
conscious future. 

The Resilience Strategy comprises of three elements:

•  A Resilience Assessment – a review of how resilient Belfast 
currently is and what the main threats are to the city. 

•  An Ambitions document – the city’s resilience aspirations 
and a vision of the city’s potential/future. 

•  A Delivery plan – how the Resilience Board aims to achieve 
these actions. 

Led by the Climate Commissioner, the strategy focuses on 
three areas or “multiple problem solvers” [Fig.9] — actions that 
involve tackling several shocks/risks at once. These include:

1.   Climate Adaptation and Mitigation — adapting to, and 
mitigating climate change across the city and region. 

2.   Participation of Children and Young People — involving the 
younger generation in enthusiastically co-designing a future-
proofed city. 

3.   Connected, Net Zero-Emissions Economy — goals towards 
zero emissions through well-constructed and well-funded 
infrastructure. 

Devised as a means to safeguard Belfast against adverse 
conditions that could threaten its safety and security over the 
coming years, the Resilience and Sustainability Board aims 
to address these crucial issues and to deliver the city’s Belfast 
Agenda priorities. 

The Belfast Agenda — the city’s first community plan — 
was published in November 2017 after an extensive period 
of engagement and discussions with key city stakeholders, 
residents and community organisations. Bolstered by a 
strong civic partnership, the Belfast Agenda presents a 
concentrated approach to long-term ambitions for the city’s 
future, which includes actioning key priorities over the next 
four years.

Integral to the Resilience strategy, two core city-wide structures 
were established to take the strategy’s work forward: the 
Resilience and Sustainability Board and the Belfast Climate 
Commission, a think-tank and advisor for the city’s 
climate action. 

The arrival of COVID-19 has directly shown how a pandemic 
can severely impact the infrastructure, the livelihoods of 
the city’s inhabitants, and add stress to the local economy. 
Developed and finalised during the pandemic and, in response 
to its effects, the strategy outlines several measures that are 
crucial in improving the performance and adaptation to the 
possibility of another future risk. Re-building the city in the 
aftermath of a devastating global pandemic will be no easy 
feat and, despite many insular challenges, Belfast has shown 
its determination that its citizens can rise to the occasion, by 
collaborating with various agencies and by progressing its 
climate journey towards sustainability.

Inspired by and aligning with the UN’s 17 Sustainable 
Development Goals (referenced in Chapter 2: Global Context 
and Mitigation Pathways, p16), Belfast’s Resilience Strategy 
contributes to the delivery of these important global goals by 
embedding factors such as climate resilience, climate action 
and focus on infrastructure at the core for all Belfast does.
In essence, the effects of climate change present the greatest 
economic, social and environmental risks to the city of 
Belfast, not least in this decade but many years into the future. 
Considering that a sizeable portion of the city’s landmass is 
critically at risk of future flooding [3], Belfast must significantly 
modify its climate plan to prepare for a projected rise in sea 
level. Mitigating these future risks is key to Belfast overcoming 
and adapting for climate change.

Another factor of Belfast’s climate journey would be to transform 
its carbon intensive systems to cleaner, more sustainable 
practices that will reduce greenhouse gas emissions in line with 
the UK’s target to achieve net zero by 2050. The expectation 
for the city’s  future economic growth must therefore be 
inclusive, sustainable and low-carbon, to further adapt to an 
ever-changing and climate-resilient world.

Figure 8: an extract from the 2030 Climate challenge indicating target metrics for residential projects
(Source: ‘RIBA 2030 Climate Challenge - Version 2’ (p6) – RIBA, 2021)

Figure 9: Multiple problem solvers as devised by Resilience & Sustainability Board. (Source: ‘Belfast Resilience Strategy’ –  
Resilience & Sustainability Board, Belfast City Council)

[3] NI Flood Risk Assessment, 2018

  The Net Zero Carbon Roadmap for 
Belfast, developed by the Belfast Climate 
Commission (part of PCAN – Place-Based 
Climate Action Network) was launched in 
conjunction with the Resilience Strategy. 
(Find out more here)

DID YOU
KNOW?

https://pcancities.org.uk/sites/default/files/Belfast%20Net-Zero%20Carbon%20Roadmap_0.pdf
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Resilient City
Belfast has been a member of the Resilient Cities Network since 
2018, a city-led organisation championing urban resilience that 
focuses on identifying and reducing imminent urban threats, 
protecting vulnerable communities and critical infrastructure. 
The Resilient Cities Network, previously known as 100 Resilient 
Cities, is the world’s leading urban resilience network, gathering 
global expertise, encouraging fruitful collaborations and 
funding to equip members with building secure and sustainable 
cities for all. Since the foundation of Belfast’s Resilience and 
Sustainability team, and working alongside such cities as San 
Francisco, Sydney, Cape Town and Barcelona, the strategy 
has culminated in a range of commitments to convey legitimate 
risks the city needs to adapt to, thereby preparing its inhabitants 
to face unpredictable future challenges. Further building on 
the legacy of the 100 Resilient Cities initiative — originally 
pioneered and funded by the Rockefeller Foundation in 2013 
— the Resilient Cities Network continues to support Belfast’s 
journey throughout the city’s strategic aims for urban and 
climate resilience. Being a resilient city does not mean the city 
is never without risk, in essence, and outlined below [Fig.10], 
a resilient city is one that can predict, manage and respond to 
risks — able to adapt to necessary changes.

Future-Proofed City, the Next Steps
The impact of Covid-19 will continue to be felt in years to come, 
not least in the younger generations who will be at the forefront 
of facing the imminent climate change, but we can help by 
preparing them with the tools to adapt to its stressors.   

This manual addresses those concerns in the next chapters to 
enable local leaders to adopt sustainable practices such as 
‘Chapter 5 – Pathways to ZEB’, being aware of and countering 
Embodied Emissions, and engaging in “green” practices i.e. 
sustainable transport, sustainable commerce, retrofitting existing 
building stock, etc. Key to “future-proofing” the city would be 
by connecting with sustainably-minded business leaders to 
implement these changes at a regional level.

Figure 10: Seven qualities of a resilient city. (Source: ‘Belfast Resilience Assessment’ (p12)  – Resilience & Sustainability Board)

“Never doubt that a small group 
of thoughtful, committed people 
can change the world. Indeed, it 
is the only thing that ever has.”

Margaret Mead

Source: ‘Belfast Resilience Strategy’ – Resilience & Sustainability Board, Belfast City Council. 
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4.1 INTRODUCTION TO 
NET ZERO EMISSION 
BUILDINGS & ZEB  
AMBITION LEVELS
As part of the European Green Deal the EU has committed to 
achieving climate neutrality by 2050. Norway has set a more 
ambitious target of reaching carbon neutrality by 2030. The 
Norwegian government has provided significant investment 
in research and development of renewable energy and other 
green technologies. The ZEB (Zero Emission Buildings) Research 
Centre was set up to develop products and solutions that will 
help to reduce emissions to zero for new and existing, public, 
commercial, and residential buildings. These solutions can be 
evaluated within their 9 ZEB pilot projects (discussed further in 
‘Chapter 4.4 – Introduction to ZEB and ZEN – key strategies 
used’).

The objective of ZEB is to achieve zero greenhouse gas 
(GHG) emissions throughout a building’s life span, including its 
production, operation and demolition. Whilst these are lessons 
learned from other countries, and may not necessarily work 
the same in NI due to climate, people, culture, materials, skill 
sets and targets, it provides a decent framework that is proven 
to work, to accelerate our development, due to the previous 
mentioned climate related time targets.

ZEB Definitions 
The Norwegian definition of a Zero Emissions Building (ZEB) 
is a building that over its lifetime of 60 years has net zero 
greenhouse gas (GHG) emissions. The ZEB Research Centre 
measures operational energy and lifetime emissions in CO2eq.

The centre has defined various ambition levels for ZEBs 
depending on the phases of the building’s life cycle that are 
accounted for (these definitions are also found on p9).  
In ascending order of ambition, these include:

• ZEB-O
• ZEB-O÷EQ
• ZEB-OM
• ZEB-COM
• ZEB-COMPLETE

For more information, visit: https://www.zeb.no/index.
php/en/about-zeb/zeb-definitions

Source: A Norwegian ZEB Definition Guideline, ZEB Research Centre

CHAPTER 4 
LESSONS LEARNED

FROM NORWAY

4.1 Introduction to Net Zero Emission  
Buildings & ZEB Ambition Levels 

4.2 ‘10 Steps to ZEB’: Trias Energetica  
and ZEB House, Larvik

4.3 Introduction to Net Zero Emission  
Neighbourhoods & ZEN KPIs

4.4 Introduction to ZEB and ZEN Pilots — 
Key Strategies Used

https://www.zeb.no/index.php/en/about-zeb/zeb-definitions
https://www.zeb.no/index.php/en/about-zeb/zeb-definitions
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4.2 ‘10 STEPS TO ZEB’

Trias Energetica –  
Context and Relevance
The Trias Energetica model [Fig. 11] was created by the Delft 
University of Technology, Netherlands in1979 as a guide 
to help reduce the energy used in the construction industry. 
Although the model is dated, the concept remains relevant 
today as the construction industry accounts for around 40% 
of total emissions in the UK. Of this 40% almost half is directly 
related to the energy used in buildings, in fact, 10% of UK 
emissions can be attributed to heating homes alone. 

In order to reduce total global emissions, there is a clear and 
obvious responsibility on those in the construction industry 
to work towards lowering energy use within the sector. This 
means that emissions must be considered at every stage of the 
manufacturing process, from extraction of raw materials from 
the earth to the final use and life span of the finished building. 
Those within the construction and manufacturing industry must 
be aware of their individual impact on the environment and must 
be willing and able to take steps towards reducing emissions.

Created by the Delft University of Technology, ‘The 
Trias Energetica Model’ acts as a guide for achieving 
sustainability in the construction industry - the model 
prioritises the reduction of energy usage and loss through 
careful design and construction. 

The three ‘points’ of the model are:

1. Reduce First 
Similar to the ‘10 Steps to ZEB’ (discussed further in this chapter, 
p32) the Trias Energetica model places emphasis on the need to 
reduce energy wastage in buildings. Taking measures to reduce 
wastage reduces energy needed to cover the operational needs 
of the building. This then reduces the CO2 emissions produced 
as less energy is required. Taking a ‘Fabric First’ approach — 
where the building envelope is designed to be super insulated 
and airtight — also allows active renewable energy systems, 
such as PV cells or GSHP (Ground source heat pumps) systems 
to work more effectively as they are not relied on to produce as 
much energy. 

2. Produce Sustainable Energy
If buildings are to reach the target of net zero emissions, then the 
energy from which they operate must be as ‘clean’ as possible. 
This means that the building must use renewable or sustainable 
energy to cover its operational energy requirements and rely 
less on fossil fuels to provide heating and power. There are 
numerous methods of producing sustainable energy, although 
some are more effective in different parts of the world. PV 
cells, for example, are more effective in countries with a higher 
degree of sunshine and daylight hours, such as in the Middle 
East, while wind turbines are more effective in areas with strong 
and consistent winds such as the north coast of Scotland. 

3. Use Fossil Fuels Efficiently 
Reaching net zero means that energy wastage must be 
at a minimum or eliminated entirely. Energy provided by 
fossil fuels contributes to the amount of carbon emitted 
into the atmosphere; the more we burn, the more carbon is 
emitted. Ideally, the need for fossil fuels is removed through 
improvements in technology and increasing implementation of 
sustainable energy systems. However, if we must use fossil fuels 
then it is important that we do so with maximum efficiency so as 
to reduce the amount of fossil fuel needed. 

Challenges
Inefficient Existing Buildings
It is relatively easy to ensure that a new building is energy 
efficient. New buildings are constructed to higher/more recent 
standards, with more advanced materials and technologies, 
and with emphasis placed on achieving net zero carbon from 
the outset. 

A larger challenge arises when considering the buildings that 
already exist. These buildings make up the vast majority of the 
built environment, and in many cases have not been built to 
strict environmental standards. Buildings that are inadequately 
insulated, or have poor building envelopes, contribute greatly 
to carbon emissions as there is a high percentage of energy 
wastage. They may be too cold in the winter due to poor 
insulation and require extra heating energy, or may become 
too warm in the summer due to poor passive design strategies 
and so require energy to cool. In order to reach the target of net 
zero emissions, the existing built environment must be improved 
and made to be more efficient. 

Reliance on Fossil Fuels 
A reliance on fossil fuels as a main source of energy in buildings 
presents an obvious challenge. Fossil fuels emit carbon, and 
many of our buildings have no alternative fuel source to meet 
their operational needs. Northern Ireland currently has the UK’s 
highest dependency on fossil fuels as a home heating source, 
with 68% of homes still reliant on home heating oil. Many of 
the homes that are reliant on home heating oil may also use a 
boiler that is dated, and so is likely to be inefficient, contributing 
to wasted energy. If the points of ‘Trias Energetica’ are to be 
implemented, the reliance on fossil fuels must be reduced. This 
may be done by providing a more sustainable energy source 
for use in buildings, and if fossil fuels must be used, ensuring
that the system in which they are burned meets high
efficiency standards.

Key Solutions 
Active renewable energy systems 
In order to reach net zero emissions more buildings need access 
to better active renewable energy systems. The reliance on fossil 
fuels must be reduced and this can be done by implementing 
systems at building level that can generate clean energy, 
such as: Roof- mounted PV Cells that can help to supplement 
electricity from the main grid, or with heat pumps that can be 
used to heat homes using heat energy from the earth. Active 
systems are explained further in ‘Chapter 5.3 – Renewables – 
Active Systems’.  

Retrofit 
Retrofit provides existing buildings with materials and 
technologies needed to vastly improve their efficiency and 
performance. With an improved/upgraded building envelope 
and access to renewable energy supply, emissions from 
the existing built environment can be greatly reduced. The 
importance and relevance of retrofit is explained further in 
‘Chapter 5.2 - Architectural Reuse’. 

‘Community Power’ 
Many residents in cities cannot make major alterations to the 
places in which they live because they do not own the building, 
especially those who live in apartment buildings. This means 
that they are unable to implement their own renewable energy 
supplies to meet their operational energy using renewable 
sources. Schemes such as the ‘Community Power’ scheme 
seen in Vienna allows residents to invest in renewable energy 
production that will then feed into the larger grid, providing 
them with access to renewable energy and at a reduced rate. 

Exemplar Case Study
Local: Crest Centre Pavilion (Enniskillen, NI)
Reduce First – Fabric First 

Figure 12: Crest Centre Pavilion, Enniskillen, NI (Source: Passive 
House Association of Ireland)

The Crest Centre Pavilion [Fig.12] is one of the most sustainable 
buildings in the UK & Ireland and is the first educational 
building in Northern Ireland to have achieved Passivhaus 
Standard. The Pavilion – as suggested in the Trias Energetica 
model – takes a ‘fabric first’ approach to design, meeting 
Passivhaus Standard by ensuring that the building is air-tight 
and does not leak thermal energy. The high level of air-tightness 
means that the active systems can work as effectively as 
possible and reduce wasted energy.

The centre uses technologies such as PV cells to generate 
electricity as well as a MVHR system (Mechanical Ventilation 
and Heat Recovery) to reclaim heat energy from the air, 
recirculating it around the building to heat the internal spaces 
again. The active systems combined with the air-tight envelope 
and passive heating measures such as passive solar gain means 
that the building does not require a conventional heating system 
and therefore eliminates the need for fossil fuels to provide heat 
energy. Any additional heat that is required in the colder winter 
months is provided using the electrical energy from the PV cells. 

The Crest Centre exemplifies the benefit to taking a fabric 
first approach. Reducing waste first allows buildings to better 
implement passive and active systems to heat and power the 
building, and therefore reduce carbon emissions. 

Source: https://www.eurima.org/energy-efficiency-in-buildings/trias-energetica

Figure 11: Trias Energetica model. 
(Diagram by Caolán McCaughley)

https://phai.ie/projects/crest-centre-renewable-energy-sustainable-technologies/
https://phai.ie/projects/crest-centre-renewable-energy-sustainable-technologies/
https://www.eurima.org/energy-efficiency-in-buildings/trias-energetica


32    Chapter 4 / Lessons Learned from Norway Architects of Change 2022    33

The ‘10 Steps to ZEB’
The ‘10 Steps to ZEB’ were designed by the Norwegian 
Research Centre on Zero Emission Buildings as a tool to help 
guide projects to their goal of designing and constructing a 
zero emission building (ZEB). The steps help to focus efforts, 
firstly, into the areas that will provide the largest benefits, then 
delves into techniques and solutions that can reduce emissions 
passively before moving onto providing active systems to help 
aid in achieving zero emissions.

The ‘10 Steps to ZEB’ are best explained when they are 
attached to a case study example — to better show how the 
steps are implemented in practice. To help explain, the steps will 
be attached to ‘ZEB House Multikomfort Larvik’ a pilot project 
designed by Snøhetta Architects in collaboration with SINTEF*. 

ZEB House Multikomfort, Larvik
The multi-comfort house [Fig.13] was built with developed 
accessible solutions at such high standards and requirements 
that apply to, and exceed, Norway’s current regulations. For 
daily operation, the European prize-winning-plus-energy house 
obtains energy from the sun and groundwater while also fully 
utilising and recovering energy from wastewater. The compact 
home covers environmental and energy efficiency, indoor 
climate, light, sound, simple maintenance and profitability. ZEB 
partners and project architects Snøhetta emphasize that House 
Multikomfort should be a idyllic home for the future. Throughout 
the design there is a pronounced use of natural materials both 
indoors and outdoors, with particular focus on the active use of 
the outdoor spaces throughout the year.

ZEB House Key Statistics
The ZEB House in Larvik, Norway [Fig. 14] is a test bed pilot 
project for the demonstration and implementation of sustainable 
energy solutions at a residential scale. The house has been 
designed to reach ZEB-OM ambition level, and so has 
particular focus on operational energy and embodied emissions 
of materials used.

Floor Area: 200m2
Brief: Private Residential Home (Zero Emission Building)
Architect: Snøhetta
Year: 2014
Location: Larvik, Norway
Emissions: 2,650 kgCO2eq per year
Per m²:13.2 kgCO2 eq/m² per year
Ambition Level: ZEB-OM

Key Strategy: Multikomfort is suitable for rehabilitation, 
conversion and extensions. Construction standards were set 
to make it easy to use solutions for rehabilitation to ensure that 
older buildings are upgraded to the current comfort level.

Photo by Snøhetta Architects

*SINTEF, headquartered in Trondheim, Norway, is an independent research organization founded in 1950 that conducts contract research
and development projects.

Figure 14: The ZEB House, Larvik - A pilot project designed to test the implementation of materials and technologies to reduce energy 
usage and carbon emissions at a residential scale. (Source: Snøhetta Architects)

Photo by Snøhetta Architects

Figure 13: ZEB House Multikomfort, Larvik with its characteristic southeasterly tilt. (Source: Snøhetta Architects)
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Figure 15: The four members of the multi-disciplinary team responsible for the ZEB House 
Larvik, Snøhetta (Architects), Brødrene Dahl (Heating and ventilation), SINTEF (Science and 
research body), and Optimera (Construction and materials manufacturer). (Diagram by 
Caolán McCaughley)

STEP 1 STEP 2

Process & Competence 
The first (and potentially most important) step in any successful 
design project is to bring together a team of people with the 
relevant skills and experience to complete the job — designing 
a ZEB is no different. ‘Step 1  – Process and Competence’ 
simply means that a multidisciplinary team with relevant skills 
and experience should be brought together from the beginning 
of the project. This ensures that the project runs smoothly and 
that the ambition of the build can be achieved as the team 

members have the ability and competence to carry out the 
work to the required standard.

In the case of the ZEB House Larvik the team comprised of 
four main members: Architecture and design firm Snøhetta, 
Scandinavia’s largest independent research body SINTEF, 
Brødrene Dahl - Norway’s leading heating and ventilation 
wholesaler, and Optimera - a construction materials 
manufacturer.

Source: Snøhetta Architects 

Plan, Form & Orientation
Deliberately considering the spaces within the building may 
lead to energy savings by grouping certain accommodations 
next to, or close to, one another. In the case of the ZEB House, 
each of the principal living spaces are located around a central 
atrium. The decision to place an atrium at the centre of the plan 
leads to multiple benefits in terms of energy conservation and 
passive strategies. The atrium allows the spaces that are used 
most frequently throughout the day to receive priority for natural 
daylight, heating, and ventilation. The atrium also allows for the 
implementation of a ‘thermal mass’ at the centre of the plan. This 
mass comes in the form of reclaimed brick and helps to regulate 
the temperature of the internal spaces by absorbing energy 
from the sun during the day and slowly releasing it back into the 

building at night. Much of these strategies are passive, meaning 
they require no additional energy.

Orientation and form work together in the ZEB House to use 
the sun effectively as an energy resource. The roof of the house 
features a 19° pitch that faces South-West, this improves the 
exposure to the sun and therefore roof surface provides an 
opportunity to implement Solar Collectors and PV cells that can 
more efficiently capture the sun’s energy to generate electricity 
and heat water. Had the roof been flat and the panels not tilted 
towards the sun, the energy generation capabilities would be 
limited as the panels would receive less sun exposure, and 
therefore operational energy emissions may not have 
been offset. 

Figure 16: The rationale behind the orientation and form of ZEB house Larvik to maximise energy 
efficiency. (Diagram by Caolán McCaughley)
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STEP 3 STEP 4

STEP 5

Insulation & Airtightness
The target of zero emissions cannot be met if a large proportion 
of energy within buildings is wasted due to an insufficient 
building envelope. In the UK, most household central heating 
systems still use a form of fossil fuel. In Northern Ireland, for 
example, 68% of households still use an oil-based central 
heating system compared to the UK average of 5% (NISRA, 
2020), and many of these central heating systems are old and 
inefficient. Combining an inefficient heating system with poor 
insulation and a ‘leaky’ building envelope leads to a large 
portion of heat energy wasted within domestic buildings. Waste 
can be reduced by insulating effectively and ensuring that the 
building envelope achieves a high level of ‘airtightness’; an 
airtight envelope enables more heat energy to be retained 
within the building as less heat can escape through the wall 
build-up. Even the highest performing renewable heating 
solutions cannot out-perform the effects of poor insulation and 
airtightness, so this is vital to achieving overall zero emissions.

The ZEB House in Larvik features a roof and floor build up that 
includes a substantial 500mm depth of mineral wool insulation. 
Under the floor, the ZEB centre tested a technique to improve 
heat retention by creating a small ‘crawl space’ lined with heat 
reflecting foils; this method proved to increase the overall heat 
retention through the floor. The wall build-up includes 350mm 
of glass wool insulation and is paired with high performance 
glazing throughout the house with an average U-Value of 
0.75W/m2K. In addition to the efficient glazing and insulation 
the ZEB House achieves an airtightness rating that complies with 
the Norwegian Passive House standard – 0.6 air changes per 
hour. By achieving a high level of airtightness and insulation, the 
building is then able to implement energy efficient heating and 
ventilation systems more effectively as the level of waste energy 
is very low.

Figure 17: ZEB house is heavily insulated, providing a robust building envelope and providing a sustainable 
base from which to add renewable technologies. (Diagram by Caolán McCaughley)

Daylight & Sun 
If a building can ensure that adequate natural daylight can 
reach the internal spaces throughout the day, then it is able to 
greatly reduce its energy consumption as the need for artificial 
lighting will be reduced. Much of this work is completed through 
the process of ‘Step 1’, however; additional measures can be 
taken to ensure the internal spaces receive adequate daylight. 
Another consideration is the over-exposure to sunlight, because 
of ‘Step 3 – Insulation & Airtightness’ – zero emission buildings 
are also prone to overheating in the summer months, which must 
be taken into consideration as energy would then be needed to 
cool the building.

In addition to planning the main living spaces of the ZEB House 
around a central atrium that brings natural light into the centre 
of the building, the ZEB House also makes use of passive 
strategies e.g. solar shading to prevent the building from 
overheating in the summer. Calculations into a process known 
as ‘Daylight Autonomy (DA)’ were also carried out. DA refers 
to the amount of time you can expect to achieve a certain level 
of light using just daylight, without the use of artificial lighting. 
Using this information, the ZEB House was able to ensure that 
the main spaces received priority for natural light.

Effective Lighting & Appliances 
Building on from ‘Step 4’, introducing highly efficient lighting 
(where lighting is needed) reduces the overall energy 
consumption of the building. The same is true for the other 
appliances within the building, such as washing machines 
or televisions. The ZEB House in Larvik uses only A++ rated 

appliances, meaning that they are very energy efficient. The 
dishwasher, for example, receives hot water directly from the 
main tank and does not use additional energy to heat cold 
water for use. This helps to reduce the overall equipment load 
of the building enabling the ZEB House to reach ZEB-OM 
ambition level more easily.

Figure 18: A++ rated appliances used in ZEB House Larvik. (Diagram by Caolán McCaughley)
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STEP 6 STEP 7

Effective Heating, Ventilation 
& Cooling 
The basis of a productive Heating, Ventilation & Air 
Conditioning (HVAC) system is dependent on the previous 
‘Step 3 – Insulation & Airtightness’. A high-tech heating and 
ventilation system is wasted if the building is inadequately 
insulated and leaky. However, if the building is highly insulated, 
energy to heat and cool the building is greatly reduced. 
Therefore, the operational energy of the building is reduced. 
The ZEB House is so effectively insulated that it can be heated 
using only ambient underfloor heating and a single radiator on 
each floor. The building again makes use of the atrium, allowing 
sunlight to heat up a wall of solid reclaimed brick that acts as 
a thermal mass at the centre of the plan, keeping temperatures 
consistent. 

An efficient heat recovery ventilation system ensures that less of 
this thermal energy goes to waste. Warm moist air is taken from 
areas such as kitchens and bathrooms, and the heat energy is 
transferred to fresh filtered air from outside to then be circulated 
around the house again. The ZEB House uses a Heat Recovery 
Ventilation (HRV) system with 87% efficiency - meaning that it 
can recover 87% of the heat energy in the air and recirculate 
it around the house. The building allows for natural ventilation 
during the warmer months using the centrally located atrium, 
with doors that can slide open to allow air to flow through 
the main living space - this is supplemented with an openable 
window in each main living space.

Measurement & Control 
ZEB House uses an automated control system called KNX to 
monitor and control the operational energy of the building. 
KNX combines all main building functions like lighting, 
heating, air-conditioning or shading into one intelligent 
system, which helps to lower operational costs resulting 
in considerable energy savings. The KNX system can be 
controlled and monitored using an app for smart phones 
or tablets. 

The system can intelligently direct electrical energy to where 
it is needed at the present time, for example - powering 

washing machines directly from the PV cells while the home 
owner is at work, instead of using energy from the power 
bank that  may be needed later at night when solar energy 
is not available and the owner is home. 

The smart thermostats with the help of geothermal heating 
and heat exchange system connected to the home’s grey 
water recycling system can remember to conserve electricity 
for the weekend nights, to optimise heating when the family 
is at home.

Figure 20: The smart home system can be controlled using a smartphone, allowing the homeowner more control of their 
operational energy expenditure. (Diagram by Caolán McCaughley)

Figure 19: ZEB house HVAC strategy. (Diagram by Caolán McCaughley)
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STEP 8 STEP 9

Materials 
Materials account for a large proportion of emissions within 
buildings due to the amount of carbon that is released into the 
atmosphere during manufacturing, transporting, and replacing 
the material over its lifetime. These emissions are commonly 
referred to as ‘Embodied Emissions’ (ZEB, 2014). Overall 
emissions can be reduced by carefully considering material 
selection, e.g. choosing a local material from a local supplier 
cuts down on emissions generated through transport, instead 
of importing materials. Choosing a natural material, such as 
timber; a material that absorbs carbon throughout its life (known 
as sequestering) and stores it in its use as a building material, 
instead of using concrete or steel that have manufacturing 
processes that are very carbon intensive, exemplifies adopting 
sustainable processes. Concrete is particularly harmful for the 
environment as cement production accounts for 8% of global 
CO2 emissions (Lehne, J., Preston, F. 2018).

The ZEB House Larvik provides an excellent example of 
efficient material selection and the embodied emissions process 
can be explained by looking at a single material used in the 
building — reclaimed brick. As previously mentioned, the house 
features a thermal mass that sits centrally in the plan. This mass 
is constructed using reclaimed brick from a nearby building site. 
This material would have been discarded but has now found 
another purpose and contributes to the passive heating strategy 
of the ZEB House even after its intended life cycle. Reusing a 
material in this way eliminates the most carbon intensive portion 
of the material process – from extraction to manufacturing. 
Finding another use for an already manufactured material 
ensures that those embodied emissions are not ‘released’ back 
into the atmosphere.

Figure 21: Life cycle of a single brick.
(Diagram by Caolán McCaughley)

Renewable Thermal
Once the previous steps have been established, renewable 
forms of energy can then be introduced. It is important to note 
how late in the ‘10 Steps to ZEB’ that renewable methods of 
energy are mentioned, this is because the building must first do 
everything it can passively do to reduce energy consumption 
and emissions before introducing technologies to provide 
heating or electricity. Renewable energies are not a ‘fix all’ 
solution, but rather a tool in the overall toolkit of zero 
emission design. 

The ZEB House uses renewable thermal energy primarily 
availing of a ground-to-source heat pump (GSHP) which 

provides 80% of the building’s thermal load. A GSHP works 
by extracting heat from the earth by running water through it 
deep underground. The water is then heated further using a 
heat pump that uses electricity to compress the water, raising 
the temperature in the process. In the ZEB House some of this 
hot water flows to the two radiators and the under-floor heating 
system – while the rest is kept in a 400litre tank to be used in 
appliances or for hot domestic water. The remaining 20% of 
hot water is provided using solar collectors mounted on the 
roof. Solar collectors work by absorbing the heat from the sun 
and transferring it to a ‘cooling medium’ and in the case of ZEB 
House, the coolant is water which flows back into the 400litre 
storage tank.

Figure 22: ZEB House renewable thermal energy strategy.
(Diagram by Caolán McCaughley)

Source: Snøhetta Architects 
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Renewable Electricity 
Like the previous ‘Step 9 –  Renewable Thermal’, ‘Step 10 –  
Renewable Electricity’ systems are implemented into a design at 
the latter stages of the energy strategy. However, despite being 
the last step in the ‘10 Steps to ZEB’, the ZEB House Larvik had 
considered the solar potential of the roof during ‘Step 1 – Plan, 
Form & Orientation’.

The roof surface was designed with a 19° pitch that faces 
South-East, this orientation and form improves the solar 

exposure and creates a more productive environment for PV 
panels on the roof surface. There are 91 solar modules on the 
roof making up an area of 150m2 producing 19,200KwH of 
electricity per year. This is enough to cover the operational 
energy needs of the house as well as charge an electric car for 
a range of 7,200km. As with any renewable energy solution, 
the problem is intermittency* – the solar cells do not produce 
electricity at night, or during the winter months when they are 
often covered in snow. To combat this, the house stores energy 
in 24 battery packs for use when the solar panels are unable to 
produce energy.

*Renewable energy cannot consistently produce energy at all hours of the day, resulting in intermittency. 

Figure 23: Roof mounted PV cells provide renewable solar energy to the ZEB house. The panels produce enough energy to cover the operational 
energy of the building as well as providing an electric car with enough energy to travel 7,200km. (Source: Snøhetta Architects)

STEP 10 CONCLUSION

Achieving ZEB
The ‘10 Steps to ZEB’ provide an important and helpful 
guide when beginning any design project with the ambition 
of achieving zero emissions and the work of the ZEB Centre 
in Norway is a good resource from which to learn how to 
do this. The ‘10 Steps’ help to focus attention on each of 
the different components that can contribute to emissions 
within the building sector, from conception of the project, 
right through to completion, and may draw attention to 

areas that could easily be overlooked. For example, the 
embodied emissions of the materials used, not only in their 
manufacturing process, but in all the processes from raw 
material extraction to transport to site, and replacement 
throughout the life cycle of the building. 

Embodied emissions, the components of the steps as well as 
their importance and relevance to overall carbon emissions 
will be discussed in more depth throughout ‘Chapter 5 – 
Pathways To ZEB’. 

Figure 24: ZEB House Larvik. (Drawing by Caolán McCaughley)

Source: Snøhetta Architects 
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4.3 INTRODUCTION  
TO NET ZERO EMISSION 
NEIGHBOURHOODS  
& ZEN KPIs

“Climate Change is sometimes 
misunderstood as being about 

changes in the weather. In 
reality, it is about changes in 

our very way of life.”  
Paul Polman

What is a ZEN?
A ZEN or Zero Emission Neighbourhood, are a group of 
ZEB interconnected buildings, which aim to reduce its direct 
and indirect greenhouse gas emissions to zero throughout the 
neighbourhood life cycle. Focus is placed on the following 
seven Key Performance Indicators (KPIs):

1. Reduction of GHG Emissions to zero, seen in a life  
 cycle perspective
2. Energy efficiency and renewable energy
3. Flexibility and Power
4. Mobility
5. Spatial Qualities
6. Economics
7. Innovation

The ZEN Research Centre focuses on developing solutions 
for the zero emission buildings  and neighbourhoods of the 
future. To showcase these solutions they have developed 9 
pilot projects across Norway, each one unique in its context, 
goals and strategies for achieving net zero. An example of 
Innovation in Belfast would be the following centres such as the 
Ormeau Baths, Catalyst and the Belfast Maritime Mile. Each 
organisation responsible for preserving Belfast’s rich cultural 
history and industrial and maritime heritage. 

In the following chapters, we will discuss these lessons learned 
from Norway, key strategies used and explore the opportunities 
adopting these practices will hold for the future of our city. 

Find out more about the ZEN Research centre at: 
https://fmezen.no/what-is-a-zen/

KPIs (Key Performance Indicators) 
GHG Emissions
The primary goal, or KPIs, for ZENs is the reduction of GHG 
emissions to zero over the analysis period. To achieve this the 
neighbourhood must be planned and designed in a way that 
minimises GHG emissions through the whole life cycle of the 
neighbourhood, from embodied emissions associated with 
materials and systems, transport, operational energy, water, 
waste treatment and deconstruction.

Some tactics for reducing GHG emissions include:
•  Using energy synergies to increase efficiency and reduce 

the overall consumption throughout the ZEN.
•  Advocating that where possible buildings will be retrofitted 

to meet the ZEN’s standards, therefore reducing emissions 
associated with new builds. 

•  Implementing smart meters & mobile apps that allow 
inhabitants to track their energy and water usage.

The multifaceted approach used to reduce GHG emissions 
often means that there is often an overlap between other KPIs 
and GHG emissions, for example, a district heating system that 
is implemented to reduce power demands also reduces the 
overall emissions of the ZEN.

Energy
For a ZEN to function it must first aim to become not only highly 
energy-efficient, as the ‘most environmentally friendly energy is 
the energy not used.’ Therefore, even more important than using 
all renewables, is to design places to consume less.

That being said it is also integral for a ZEN to utilise renewable 
energy sources, be that through building integrated thermal 
PV, ground source heat pumps, or alternative renewables such 
as CHP  (combined heat and power) units that use sustainably 
sourced woodchips. This can enable the ZEN to become a 
‘prosumer’ of energy, feeding back surplus energy to the grid.

A zero emission neighbourhood should implement energy 
synergies, this allows the production of energy to be spread 
throughout the neighbourhood. For example, in Furuset ZEN 
(based in Oslo) a district heating system was implemented, 
using heat burned from a waste incineration plant, and is 
considered a renewable source of energy within the ZEN 
research centre as it is repurposing a waste product. 

Waste heat is recycled throughout the neighborhood creating 
energy synergies between old/new and domestic/non-
domestic. On the residential scale a tumble dryer is connected 
to the district heating system, whereby excess heat can be 
recycled and used elsewhere. At the district scale, each 

building’s energy usage is interlinked - an ice stadium requires 
a lot of energy to keep it cool, consequently generating large 
amounts of waste heat energy, which can then be reused to 
heat buildings throughout the district [Fig.25].

The KPI for energy refers solely to the operational phase, 
therefore excluding any embodied emissions as they 
are covered within the GHG emission KPI. However, the 
operational energy will still be calculated through all project 
phases. The KPI energy refers to heating, whereas power covers 
electricity demand.

Figure 25: Sketch showing excess heat being recycled and used 
elsewhere e.g. energy used to keep ice stadium cool can heat up 
buildings in ZEN district. (Drawing by Rory Magee)

District Heating System
There is an opportunity to implement a district heating system 
throughout Belfast. The area surrounding the Ulster University 
campuses may be an ideal pilot location. The SSE Arena 
produces large amounts of waste heat (namely caused by the 
cooling of the ice-hockey stadium), this has the potential to be 
recycled and redistributed throughout the surrounding area 
or ‘district’, creating energy synergies, with buildings working 
together to achieve the net zero goal [see Fig.26].

Figure 26: Sketch showing the possibility of implementing a district 
heat system by using the waste heat from cooling the SSE Arena to 
heat buildings in the surrounding area i.e. new Belfast campus located 
on York Street. (Diagram by Rory Magee)

https://fmezen.no/what-is-a-zen/
https://fmezen.no/what-is-a-zen/
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KPIs (Key Performance Indicators) 
Continued
Power
A ZEN uses smart grids and energy synergies to respond to 
energy needs in a flexible way, due to the often sporadic nature 
of some renewable energies like solar. Therefore, the power KPI 
must put a particular emphasis on power flows, and especially 
power peaks, allowing for the power to be distributed efficiently 
throughout the day and year. At certain points during the year 
a ZEN may require additional power from the grid, but as long 
as this can be balanced with surplus production during other 
periods it is considered effective.

Just as in for energy, power requires energy synergies, to meet 
the overall requirement for the neighbourhood.  For example, 
listed buildings that are unable to install PV on their roofs can 
utilise power generated elsewhere within the ZEN. To achieve 
these energy synergies a focus must be put on efficient storage 
and transfer of energy between buildings, smart grids and 
digitalisation of the grid. Retrofitting older buildings within the 
ZEN is also key at this stage in order to limit the power demand.

Mobility
To achieve this KPI sustainable transport must be implemented 
and promoted throughout the neighbourhood and considered 
in the early design stages, with locations of buildings and 
services in mind. The neighbourhood should be pedestrian and 
cyclist friendly, with shops within walking distance to residential 
buildings and renewable transport systems for further afield. 

The transport plan should include e-car charging stations, 
rented bikes (e.g. Belfast Bikes), ample bike storage, cycle 
routes (Belfast is in the process of creating more of these and 
adding more to maps), pedestrian zones and other smart 
mobility systems — Belfast has implemented Glider bus services 
(a bus rapid transit system) which connects East and West 
Belfast and the Titanic Quarter via the city centre. Access for all, 
especially those with mobility issues, is also an important factor 
to address.

These smart mobility systems can reduce the emissions caused 
by transport, whilst improving the air quality and can help to 
reduce congestion and travel times.

Economy
It is key for the neighbourhood to have a vibrant economy as 
it helps boost the quality of life of inhabitants. And if the ZEN 
can promote a live/work lifestyle, it not only will help promote 
a greater sense of community, but will also reduce emissions 
related to traveling to work.

The ZEN researchers were interested in using preexisting life 
cycle costing methodology, to implement life cycle costs as 
one of the economic performance indicators — in other words 
it calculated the cost savings over the neighbourhood from 
renewable energies.

‘Life cycle costs’ (LCC) include investment or capital costs, 
annual costs (such as management, operation, maintenance, 
replacement, development, consumption and cleaning costs) 
and demolition costs.’ This KPI is considered at both the building 
level and the neighbourhood level.

Spatial Qualities
Within the spatial qualities KPI, only indicators related to quality 
of public space are taken into account. Each neighbourhood 
is unique in its context, in terms of size, location, function and 
planning restrictions, amongst other factors. Therefore, the 
research centre has identified criteria that can be adapted from 
neighbourhood to neighbourhood, such as street networks, 
parks, connections, waterfronts and public spaces.

These spatial qualities are key to creating a vibrant community, 
promoting people to live and work in the area, whilst 
simultaneously reducing emissions through transport.

‘Essentially, the core of city planning is to create resilient 
neighbourhoods for citizens to live, work and play in; whereby 
urban planners typically have a regulatory framework to ensure 
criteria for good urban planning.’

Spatial qualities consists of three KPIs; demographic needs and 
consultation planning, delivery and proximity to amenities and 
public space. This ensures that the spatial quality needs is suited 
to its context.

Innovation
Innovation was critical to the success of the ZEN and ZEB 
pilot projects, as the trial of various products and solutions has 
allowed the ZEN concept to be translated to 9 very different 
locations in Norway and therefore further afield.

As we strive to reduce carbon further, the continual need for 
innovation will be obvious.

ZENs have provided new technologies/products and solutions 
with a test bed, becoming a link between research and industry. 
One such innovation may be the introduction of smart streets 
— a smart street uses a variety of technologies and sensors 
to collect data that can help cities improve traffic conditions, 
making parking easier and ensure the safety of its citizens. 

Mobility, Transport & Spatial Quality
Introduction

The transport sector accounts for around a third of all emissions 
in the EU and around 20% of total emissions globally. Within 
the transport sector the largest contributor is road traffic 
(Passenger cars and vans), which alone accounts for around 
15% of total global emissions. 

Being such a large emitter, it is vital that the issue of road traffic 
is considered when designing the places in which we live and 
work, as reducing emissions in this sector, wherever possible, 
will go a long way in ensuring that we reach our target of net 
zero emissions.

Transport Emissions in the UK & NI
In 2019 - much like in the wider global context - the transport 
sector accounted for almost one third of all CO2 emissions 
in the UK, making it the single most polluting sector, emitting 
120.8Mt of CO2 into the atmosphere, and contributing 
dramatically to global warming in the process.

In line with global statistics, the petrol car is responsible for 
the majority of the carbon output, and has such a negative 
impact on the UK’s chances of reaching their net zero goals that 
ambitious legislation has been passed to ban the sale of new 
petrol & diesel cars by 2030 to ensure that all new cars and 
vans are zero emissions at the tailpipe of 2035. This change 
in legislation puts the UK on a similar timeline to that of other 
European countries, and if successful, will be monumental in 
reducing total global emissions. 

Importance & Relevance 
Car Dependency
One of the main reasons that transport has become such a large 
contributor to emissions is due to a heavy dependency on the 
private car to facilitate everyday transport needs. In Northern 
Ireland, for example, people are so dependent on the private 
car for transport that over 70% of all journeys are made using 
this mode, thus making the car the largest contributor of CO2 
within the transport sector. Some key statistics show the extent 
of NI’s car dependency - Over 70% of all journeys are made 
by private car, only 26% made by walking, cycling, and public 
transport. 87% of journeys >1mile are made by car.

Private car dependency provides possibly the greatest 
challenge in reducing emissions in the transport sector. It is 
imperative if we wish to reach net zero emissions in the transport 
sector that the largest contributor (the private car) is made a 
priority and its use limited as much as possible. Therefore there 
needs to be a large and accelerated effort to create a modal 
shift towards public and active methods of transportation. To 
help facilitate change we must analyse whether or not the 
current infrastructure in place would allow a modal shift to take 
place effectively, and identify the barriers that prevent people 
from using more sustainable modes.

‘Mode’ or ‘Mode of Transport’ refers to the method or 
vehicle that is used to get from Point A to Point B. Walking, 
cycling, and private car are all modes.

‘Modal Shift’ – A modal shift occurs when the preferred 
method of transport changes to another mode, for example 
more people electing to take the bus rather than private car.

Figure 27: Mega pollutor - Graph showing the emissions from the transport sector in comparison to all other sectors. (Source: International 
Council on Clean Transportation)
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Challenges
Factors Influencing Car Dependency
Commuting
Our dependency on the private car is - in part - due to its ability 
to allow us to travel very large distances in short periods of time. 
This presents an opportunity for people to move to rural areas 
and away from the city whilst still maintaining employment 
where jobs are more plentiful. 

Commuting accounts for 22% of the total miles travelled in NI 
and only 40% of  the NI working population live within 5km 
of their workplace, even of those who live within 5km 70% still 
elect to drive to work. Of those who live less than 2km from their 
workplace, 59% elect to drive.

Parking /Convenience 
Car use, especially for commuting, is encouraged when it is 
made more convenient to drive e.g. adding more lanes to 
motorways and junctions to try to relieve congestion makes 

it more convenient for drivers and so more people choose to 
drive. This increase in drivers therefore contributes further to 
congestion. Similarly, adding more car parking spaces to the 
city centre makes it more convenient to park close to work and 
therefore more people will elect to drive to work because it is 
more convenient than public transport.

Within Belfast city centre, there are approximately 28,000 
publicly available car parking spaces. Despite having provision 
for 28,000 cars the ‘Parking Strategy Action Plan’ by Belfast 
City Council identifies a demand for only 18,000 spaces within 
the city centre. The plan also found that, in comparison to cities 
of a similar size, Belfast provided a much higher number of 
off-street parking spaces in the city centre. In Belfast city centre 
there are 15,482 off-street parking spaces available, whereas 
in Cardiff there are an estimated 6,850 spaces. Due to the 
relative ease in finding a car parking space close to work it is 
much more convenient to travel via private car which therefore 
encourages unsustainable transport habits, adding to the issue 
of overall car dependency.

Source: ‘Decarbonising Transport in Northern Ireland’  - McKibbon, D. Northern Ireland Assembly. 

Figure 28: Graph showing attitudes towards car dependency in the UK. 
(Source: RAC Report on Motoring 2021)

Inadequate Public Infrastructure
If the private car remains to be the fastest, most convenient, 
and most cost effective method of transport available - then it 
will remain the most popular method of transport. Convenience 
and cost are the largest factors considered when choosing how 
to travel, however; if the railway is only marginally cheaper 
than it would be to drive to the chosen location, but is far more 
inconvenient and slower, then the passenger is likely to choose 
to drive as a small reduction in price is little incentive to take the 
train. Once the barriers preventing people travelling via public 
and active transport solutions have been identified, then we can 
work on removing them whilst also creating incentives to choose 
those methods. 

As mentioned when discussing car dependency, commuting 
to work accounts for a large percentage of overall travel in 
Northern Ireland. Part of the reason for this is due to the fact that 
the rural population is outgrowing the urban population. The car 

becomes a necessity in rural areas due to the poor, and in some 
cases non-existent, public transport links to the larger urban 
areas where many people are employed. 

Inaccessibility of Carbon Neutral Transport Options
The intentions of the public may be good, in that they would like 
to use transport options that are not harmful to the environment 
— but those options may not be available to them. They may 
have no means to access an electric car, or limited access to 
charge one if they do. The public transport options available to 
them may be primarily run on fossil fuels and so also contribute 
to carbon emissions, and they may be too far from work to have 
the option to walk or cycle.

Figure 29: One of the best ways to begin thinking about reducing your carbon footprint is by considering how much, and how often, you travel, 
and by which methods. Belfast, although a small city, has citizens who rely on a “one-car per person” mentality for convenience, rather than 
considering public transport. (Source: Illustration by Adam Simpson, from the article “How to Reduce Your Carbon Footprint”, New York Times)

Source: ‘Decarbonising Transport in Northern Ireland’  - McKibbon, D. Northern Ireland Assembly. 
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Key Solutions
Implement Traffic Calming Measures 
Traffic calming measures act as a tool to discourage the use 
of private cars in areas such as the city centre. They work by 
making the experience of driving more difficult by slowing 
traffic down drastically through the introduction of obstacles 
such as chicanes and speed bumps. They can also reduce the 
amount of traffic that can enter an area by removing lanes and 
making footpaths wider giving more space to pedestrians in 
the process. The benefit of traffic calming is two-fold, firstly it 
makes the experience of driving in the city centre frustrating 
and inconvenient and so car use is discouraged, leading to the 
reduction of traffic and emissions. Secondly, with slower moving 
traffic, it is safer for people to use active forms of transport such 
as walking and cycling  - further reducing the use of cars and 
therefore emissions. 

Reduced Car Parking 
Similar to traffic calming measures - reducing car parking 
facilities in the city acts as a deterrent to using cars for 
commuting. Many cities worldwide are removing on-street car 
parking spaces and replacing them with extended bus lanes 
and/or cycle lanes. This serves to make commuting by private 
car more inefficient and inconvenient, whilst improving the 
facilities of public and active transport. 

Reduced car parking spaces also means more space for 
pedestrians to safely navigate to and from public transport and 
also means more space for businesses which rely on customers 
in the city centre. With more people on the streets there can be 
improvements on nighttime safety; more people, more eye-
witnesses, more protection. 

Despite these suggestions public transport must be in place for 
reduced car parking to be a viable option. 

Improved and Encouraged Public & Active  
Transport Systems
At the same time as making it less appealing to use a private 
car as the main form of transport, public and active transport 
should be made more appealing. This can be done in a number 
of ways, for example;
 
•   Subsidising public transport to make it noticeably cheaper 

than driving.
•   Improving transport links by adding more routes, pick up 

and drop off points in more areas.
•   Adding more lanes for public transport or bicycles that will 

make buses faster and cycling safer.
•   Closing roads to traffic making them safer and more 

appealing to walk/cycle on. 
•   Improve city bike hire making it more readily available  

and cheaper.
•   Introduce apps that allow public transport trips to be 

planned and paid for via Smartphone, a similar app may 
be used for city bikes. 

• Better pedestrian access better for short-stay tourists.  

• Improved flexibility of transport services i.e. later  
 running services. 
• Mobility-as-a-Service (MaaS) Business model. 

Figure 30: Drawings showing traffic calming strategies: clock-wise from top left; medians and refuge islands, gateway treatments, two-way streets 
and pinch-points. (Image source: Global Designing Cities Initiative)

  
               DID YOU KNOW?

As part of the Mobility on Demand Laboratory Environment 
(MODLE) project, Transport Systems Catapult, University 
of the West of England (UWE Bristol) and Esoterix Systems 
are developing a micro-simulation platform. The MODLE 
Simulation Platform gives new, compelling insight into 
where people are moving to, from, through, to the how 
and why, in much greater detail than previous transport 
modelling systems.

To find out more, visit: https://info.uwe.ac.uk/news/
uwenews/news.aspx?id=3560

Source: ‘The first and last mile - the key to sustainable urban transport’ - Transport and Environment report 2019, EEA

Figure 31: First - Last Mile: Although bus and rail services might cover the main part of a trip, people need to first walk, drive or 
use another method of mobility to get to and from the nearest station or stop. The first and last leg of the trip are referred to as the 

‘first mile/last mile’. (Image source: “Possibilities of First and Last mile Travel”, ONN Bikes, Medium, 2019)

https://info.uwe.ac.uk/news/uwenews/news.aspx?id=3560
https://info.uwe.ac.uk/news/uwenews/news.aspx?id=3560
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Spatial Quality & Transport 
During the Covid-19 pandemic, emissions from transport were 
reduced dramatically due to travel restrictions, resulting in a 
19.6% decrease in CO2 emissions from the transport sector. 
As transport makes up a large percentage of overall global 
emissions then this reduction represents a large decrease in CO2 
emissions in general. This decrease, albeit temporary, shows 
the benefit that can be gained by putting more emphasis on 
reducing emissions in the transport sector. 

The reduction in transport also provided some temporary 
benefits to the spatial quality of our cities worldwide. During 
this time those who lived in densely populated urban areas 
experienced decreased air and noise pollution and safer, 
more pleasant streets, directly as a result of less car traffic. With 
reduced traffic, residents were able to claim back the streets - 
opening up opportunities for business and social spaces in areas 
that were not possible before. The Covid-19 restrictions forced 
businesses to use outdoor areas, and in the process, created a 
lively street atmosphere and a better quality of space. This was 
aided by the fact that in many cities, roads had been closed 
to car traffic allowing pedestrians to enjoy the outdoor space 
without loud and polluting traffic. 

How can the key solutions mentioned previously help to improve 
the spatial quality of cities and improve the experience of 
residents and visitors? 

Removing Parking Spaces 
The removal of on-street parking in some locations throughout 
the city centre could improve the quality and safety of the 
pedestrian/cyclist experience on the road. Lanes that are 
currently used to cater to stationary cars could be removed 
to provide;

•  Wider footpaths that increase the gap between pedestrians  
 and traffic creating a safe environment in which to walk.

•  Extended footpaths also provide more space for businesses 
to provide outdoor hospitality experiences, creating a lively 
and vibrant street atmosphere. 

•  Extended and wider bicycle lanes that help to make active 
forms of transport safer and more accessible.

•  Provide space at the edge of roads to add trees and 
vegetation that help to improve air quality, sequester carbon 
and reduce surface water run-off/flooding risks.

Similarly the run-down surface car parking lots in prominent city 
centre locations could be better utilised to serve the needs of the 
residents, such as;

• Providing inner city living accommodation to help boost the
   urban population. This can help to reduce the need to
 commute as more people live in the city and are closer to
  their place of work. Having more inner city residents also  
 creates more vibrant inner city neighbourhoods which are  
 crucial to any successful city.
•  Redevelopment of surface car parking in prominent city 

centre locations also provides opportunity to improve tourism 
and hospitality sectors and increase investment into the city. 

Implement Car Free Zones/Traffic Calming 
Measures 
‘Car-free’ zones in cities is not a new concept. In fact, they have 
been growing in popularity in recent years as more people 
become aware of the benefits of having urban spaces free 
from traffic. Removing or slowing/reducing traffic in certain 
areas of the city can vastly improve the spatial experience of 
the streets. In Europe especially, many cities have adopted a 
car-free approach to the city centre, creating large areas where 
pedestrians can walk freely without danger of being injured by 
traffic. Even Belfast has implemented this approach in the form of 
Victoria Square, an area that is unsurprisingly very popular with 
residents and visitors. 

Improved Air Quality
In Belfast, the transport sector is responsible for 62.6% of the 
total NOx gases in the air, the vast majority of which are directly 
from road traffic such as cars and vans. In 2019, the air pollution 
in Belfast exceeded the WHO guideline by 26%, ranking it the 
3rd most air polluted city in the UK at that time. Poor quality of 
air is responsible for a large number of health issues and can 
significantly reduce the quality of life for residents in cities. In 
the ‘Belfast Air Quality Action Plan’ it was identified that a 50% 
reduction in traffic in Belfast would equate to a 35% reduction in 
NOx gases potentially saving lives and improving the quality of 
life in the city. 

Figure 32: A ‘LTN’ or Low Traffic Neighbourhood in Hackney, London. LTNs restrict traffic specific areas - allowing safer, more accessible active 
transport routes. (Source: “The evidence is in: low-traffic neighbourhoods are popular” – Article by Julian Bell, The Guardian. Photograph by 
‘Graeme Robertson’.)

Local Case Study
Ormeau Parklet (Belfast, Northern Ireland)

Spatial Quality in Belfast 
The Ormeau Parklet [Fig. 33] is a small example of what can be gained in a city when the experience of the pedestrian is 
made a priority over the convenience of a car. By removing a series of five on-street car parking spaces along the Ormeau 
Road, the designers OGU and MMAS Architects were able to create an outdoor social space to help improve the pedestrian 
experience, and provide local businesses an outdoor space for their customers. This integration helped to relieve pressure 
on businesses during Covid-19 where social distancing rules meant that indoor dining was not possible and also created a 
space in the city where people could socialise. 

The intervention is by no means major in scale or budget but the impact is larger. While the parklet was designed with spatial 
quality and placemaking as its main focus - it has the added benefit of discouraging driving as parking is less abundant and 
therefore less convenient. If this strategy was implemented in other parts of city (as it is planned) it would not only improve the 
quality of the city for the residents, but also contribute to the reduction of traffic - and therefore lowering CO2 levels 
from transport. 

Figure 33: Ormeau Parklet, Belfast (Source: Royal Society of Ulster Architects, https://www.rsua.org.uk/news/our-changed-place-ni-
grows/)

Exemplar Case Study

https://www.rsua.org.uk/news/our-changed-place-ni-grows/
https://www.rsua.org.uk/news/our-changed-place-ni-grows/
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International Case Study
Smart City Wien (Vienna, Austria)

Transport, Mobility & Spatial Quality In Vienna 
Vienna, Austria is widely regarded as one of the best cities in the world for sustainable transport and smart city technologies. 
After noticing that energy consumption in the transport sector had increased by 50% from 1990 to 2013, the city began 
implementing technologies and solutions to help to reduce their overall energy consumption and carbon emissions.

By 2030 the city of Vienna wants to create a ‘modal split’ of 85% eco-friendly transport methods (i.e. walking, cycling, and 
public transport) [Fig.34] to just 15% of individualised transport (i.e. private car). The city is able to do this due to effective city 
planning and implementing strategies and schemes that encourage people to choose more sustainable methods of travel and 
reduce the need to even own a private car if you live in the city. Some of these schemes include;

•  Free use of city bikes, for use on the extensive public cycling network in the city. Vienna has 1,340km of dedicated cycle 
lanes, making using a bicycle in the city safer, cheaper, and faster and therefore more attractive. 

•  Car sharing with electric vehicles. This reduces the need to own a private car further as there is the option to rent an 
electric vehicle if/when it is required. 

•  Traffic calming in the city centre. Vienna has implemented strategies to slow traffic in the city, such as closing streets to 
cars, adding more vegetation on the road’s edge and using shared surfaces. 

•  Extensive and regular public transport — over 1,150km of public transport routes that serve over 1billion people annually 
— all transport can be conveniently tracked using the WienMobile smart app that allows people to easily plan trips and 
see when the next bus, tram, or metro will be arriving. 

• 5KM city; centralising services to try to reduce the need to travel more than 5km to get to work/school/  
 childcare/healthcare.

Figure 34: Pedestrians using the wide spaces for shopping. (Source: Mariahhilfer Strasse, https://landezine-award.com/mariahilfer-
strasse/)

Source: https://smartcity.wien.gv.at/en/

Stakeholder Role & Responsibilities
Developer/Client
Ensure that sustainable transport solutions are considered 
when developing the brief. How is the project connected 
to wider infrastructure? Are public and active transport 
systems readily available to the end users and are 
sustainable methods of transport encouraged, potentially 
by introducing on-site EV (electric vehicle) charging stations, 
for example?

Designer/Consultant 
Research and be knowledgeable on the potential solutions 
to reducing carbon output in the transport sector. Suggest to 
developer/client how these may be implemented into the 
design to allow for more sustainable transport decisions by 
the end users of the project. 

Legislator/Government Official 
Approach transport legislation with a “carrot-and-stick” 
philosophy; reward sustainable choices with incentives such 
as subsidised transport costs and make it more difficult to 
make unsustainable choices such as discouraging entry into 
city centres with private cars. 

Encourage investment into making better public and active 
transport solutions to make them more attractive, more 
convenient, and more accessible. Encourage investment 
into new technologies  and improving existing sustainable 
technologies in the transport sector.

General Public 
Question your current method of transport and consider 
a change to a more sustainable method — analyse if you 
could reduce your car usage by making small changes to 
your routine. Can you walk/cycle short distances instead? 
Could you take the train or bus to work in the morning? 
Would you save money on petrol and parking if you used 
public transport? Can I share a lift with someone heading 
the same direction instead of travelling separately? 

To reduce & eliminate carbon emissions in the transport 
sector we all must stand up and play our part.

Exemplar Case Study

https://landezine-award.com/mariahilfer-strasse/
https://landezine-award.com/mariahilfer-strasse/
https://smartcity.wien.gv.at/en/
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4.4 INTRODUCTION TO 
ZEB AND ZEN PILOTS — 
KEY STRATEGIES USED

ZEB and ZEN Pilot Projects
The ZEN Research Centre has nine pilot projects spread across 
Norway [Fig.35]. These pilot projects aim at reducing their 
greenhouse gas emissions towards zero within their life cycle.

Serving as innovation hubs, the pilot projects test new solutions 
for developing zero emission neighbourhoods. The pilot projects 
reflect the interdisciplinary of the center as different parties work 
together: building professionals, property developers, public 

authorities, energy companies, building owners and users, and 
of course, researchers.

They include both new and well-established areas that will be 
upgraded and developed further, involving more than 30,000 
people, and covering more than 1 million square meters. A few 
of these ZEB and ZEN pilots will be discussed in further detail 
on the following pages.

Figure 35: Map showing Norway’s ZEB and ZEN Pilot projects around the country.
(Source: ZEN Research Centre)

Source: https://www.zeb.no/index.php/en/pilot-projects

Project: Single Home (ZEB)
Location: Larvik, Norway.
Year: 2014
Ambition Level: ZEB-OM
Architect: Snøhetta
Floor Area: 200m2

The Living Laboratory is a test bed facility that 
ensured that solutions developed within the 
Research Centre were tested and verified at 
an early stage. The project also strengthened 
collaboration between industry partners 
and researchers.

The ZEB is occupied by real tenants using 
the building as their home. The focus for 
experimentation is mainly on the occupants’ 

use of the integrated innovative building technologies, such as; the intelligent equipment, interactive user interfaces and 
interplay with the energy system as a whole. In the research, ZEB jointly studies the interaction between the physical 
environment and the users in the field of architecture, social science, materials science, building technologies, energy 
technologies, and indoor climate.

Project: Office Building (ZEB)
Location: Trondheim, Norway.
Year: 2014
Ambition Level: ZEB-COM÷EQ
Architect: Snøhetta
Floor Area: 14,000 m2

Norway’s largest built plus house Powerhouse 
Brattørkaia was designed according to the 
principle “form follows environment” rather 
than “form follows function” (Snøhetta 
founder, Kjetil Trædal Thorsen). When you 
put the environment first, a new type of 
architecture is created. Solar power and 
other renewable energy, as well as an 
extremely low energy consumption, ensure 
that it becomes a plus house. The thermal 

comfort within the building is extremely good, requiring little need for heating as the building is tightly constructed with good 
ventilation. The large courtyard light well allows the building to take in a lot of light and fresh air while providing views of 
its surroundings.

Key Strategies - For Powerhouse Brattørkaia, the environment and energy laid the groundwork for form, while optimal 
utilization of the sun formed the building’s exciting and iconic architecture. In the operation phase, on-site renewables will 
generate more energy than what was used for the production of materials, construction, operation and building disposal. 

The Living Laboratory

Powerhouse Brattørkaia

Picture by Katrine Peck Sze Lim
Figure 36

Illustration by Snøhetta
Figure 37
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Project: Office Building (ZEB)
Location: Bergen, Norway.
Year: 2015
Ambition Level: ZEB-O÷EQ
Architect: LINK Arkitektur & ABO Plan & Arkitektur
Floor Area: 2031m2

The three-storey minimalist ZEB structure is organized as 
a mix of open space offices and cell offices; the work 
space (around 100 work places). The building hosts high 
level systems such as demand-controlled ventilation with 
cooling and air-heating, supplemented by radiators in 
the offices, the ventilation is mixed with active diffusers. 
Additionally, the building accommodates for a photo 
voltaic  (PV) system on its flat roof.

The client NDEA (The Norwegian Defence Estates Agency), a ZEB-partner, appointed this project to a pilot project of the 
ZEB Centre. In reports the project has been described as an important learning arena, making possible the development of 
valuable competence for future projects and personal career, most of the success from the project has been put down as a 
result of its positive working culture based on trust, commitment, openness and enthusiasm.

Key Strategy -  It is connected to a sea water based heat pump at Haakonsvern, which provides thermal heating and cooling 
to the building.

Project: 5 Private Residential Homes (ZEBs)
Location: Arendal, Norway.
Year: 2015
Ambition Level: ZEB-O
Architect: Rambøll AS
Floor Area: 771m2

The zero emission houses in Skarpnes, Arendal municipality 
completed in 2014/2015 were the first houses with such 
a low energy standard in Norway. The passive house 
standard NS 3700 was used as a foundation for the project 
but throughout the development, applied technical solutions 
and the consumption of renewable energies advanced the 
project far beyond the NS 3700 standard. 

Through this partnership project, a lot of new knowledge was generated, and technological solutions were developed, this 
was the first time the involved companies worked together in this field. Unfortunately due to unforeseen technical and cost-
related challenges, the construction within the project was changed and adapted. Conclusively, only 5 of the 17 planned 
houses were built with the zero emission standard, while the other 12 were built to another Norwegian standard (TEK 10).

Key Strategies - The homes’ hot water is produced by a ground source heat pump and stored in a nearby 180 litre tank at 55 
degrees. The houses have also been installed with low energy devices (A+++) and ‘absent buttons’ which are used regularly 
by the tenants to regulate ‘idle’ energy use.

Project: 700 Residential Homes (ZEN)
Location: Bergen Municipality, Norway.
Year: Area Regulation Pending
Ambition Level: ZEB-O (Buildings ZEB-OM)
Architect: Snøhetta
Floor Area: 92,000m2

The greenfield site development, 16 km south of Bergen 
City Centre, Zero Village Bergen’s (ZVB) terraced housing 
accounts for 68% of the total floor area, apartment blocks 
25% and non-residential buildings such as offices, shops, 
and a kindergarten makes up 7%. The development’s 
overarching ambition is that the annual greenhouse 
gas (GHG) emissions relating to operation should be 
zero. Additionally, the construction materials used in the 
development’s embodied emissions should be accounted 

for. As the ambitious development held a long time scale, different ambition levels were specified for different stages of the 
duration of the development.

Key Strategy - The project’s strategy for achieving the ZEB-O goal is based on three steps: firstly, minimise energy demand 
through energy efficiency of the buildings; secondly, maximise PV generation on the buildings’ footprint; and finally, the 
consideration for additional measures on-site and nearby (e.g. local heating system with biomass based co-generation).

Project: 2 Retrofit Office Buildings (ZEB)
Location: Sandvika, Norway.
Year: 2014
Ambition Level: ZEB-COM÷EQ
Architect: Snøhetta
Floor Area: 5200m2

Located in Sandvika, Oslo, the extremely successful 
fifty-two hundred square meter dual office Powerhouse, 
was originally two office blocks from the 1980s which 
have now been fully renovated to energy-efficient 
modern offices in 2014. The pilot project was the first 
energy-positive building in Norway, and possibly the 
first renovated energy-positive building in the world. The 
concept by Snøhetta focuses on energy efficiency, as 

well as energy self-sufficiency, producing more renewable energy than consumed during the building’s lifetime, allowing for 
provision of local energy production. The project also received the environmental certification BREEAM-NOR “Outstanding”.

Key Strategy - A key retrofit strategy was developed to innovatively reuse as much of the existing materials as possible to 
prevent further emission output e.g. demonstrated in the application of the existing glass panels from the original fenestration 
(the arrangement of windows in a building), which was used in the internal door frames.

Visund, Haakonsvern Skarpnes

Zero Village BergenPowerhouse Kjørbo

Illustration: Forsvarsbygg / Link Arkitektur
Figure 38

Illustration by Rambøll AS
Figure 40

Illustration by Snøhetta
Figure 41Image by Snøhetta

Figure 39

Source: https://www.zeb.no/index.php/en/pilot-projects Source: https://www.zeb.no/index.php/en/pilot-projects 
Source: https://fmezen.no/category/pilot-projects/

https://fmezen.no/category/pilot-projects/
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Project: Educational Buildings (ZEN)
Location: Trondheim, Norway.
Year: 2017
Ambition Level: ZEB-O+20%M (20% of M)
Architect: Rambøll/KHR
Floor Area: 26,300m2

Heimdall High School has eight different educational 
complexes and has approx. 1,000 students spread 
over 33,000 sqm of sustainable school building. The 
school uses 21 geothermal wells that supply the building 
with geothermal heat, as well as 2000 sqm. of solar 
panels on the roof,  and electrochromic windows that 
adjusts the solar factor and light transmission when using 
low voltage electricity. The building’s energy efficient 

ventilation means that the school produces more energy than it consumes. Heimdall is a proud environmental establishment 
and contributes to sustainable development with the least possible carbon footprint. 

Key Strategy – The building utilises solar cells, biogas and well-insulated outer surfaces to minimise energy usage. 

Hiemdal VGS

Illustration: Skanska og Rambøll/KHR Arkitekter
Figure 42

Source: https://fmezen.no/category/pilot-projects/

Conclusion
In conclusion, these ZEB and ZEN projects should provide an 
insight into the design strategies that outline what it means to 
be “zero emission”. These projects show what can be achieved 
when a concept is developed by researchers and practitioners 
who strive to design a building fit for the performance levels of 
the future but which are drastically needed today. 

The ZEB and ZEN Centres’ goals are primarily focused on 
developing key strategies that will benefit the needs of many, 

with a diminished impact on the environment. In knowledge 
sharing, the ZEB and ZEN Centres aim to develop solutions for 
existing and new buildings whose production, operation and 
subsequent demolition further impact our current climate. And 
as CO2 emissions and other greenhouse gases continue to rise, 
every effort is made to alleviate the building sector’s emissions 
through heavily-researched and conscientiously designed 
buildings of the future, with the goal of every design being  
zero emission.

Chapter 4 Summary

As part of the European Green Deal the EU has 
committed to achieving climate neutrality by 2050. 
Norway has set a more ambitious target of reaching 

carbon neutrality by 2030. The Norwegian government has 
provided significant investment in research and development 
of renewable energy and other green technologies. The 
ZEB (Zero Emission Buildings) Research Centre was set up 
to develop products and solutions that will help to reduce 
emissions to zero for new and existing, public, commercial, 
and residential buildings. 

The objective of ZEB is to achieve zero greenhouse 
gas (GHG) emissions throughout a building’s life span, 
including its production, operation and demolition. 

Whilst these are lessons learned from other countries, and 
may not necessarily work the same in NI due to climate, 
people, culture, materials, skill sets and targets, it provides a 
decent framework that is proven to work, to accelerate our 
development, due to the previous mentioned  climate related 
time targets.

ZEB  Definitions 
The Norwegian definition of a Zero Emissions Building (ZEB) 
is a building that over its lifetime of 60 years has net zero 
greenhouse gas (GHG) emissions. The ZEB Research centre 
measures operational energy and lifetime emissions in CO2eq. 
The centre has defined various ambition levels for ZEBs 
depending on the phases of the building’s life cycle that are 
accounted for. In ascending order of ambition, these include:

• ZEB-O
• ZEB-O÷EQ
• ZEB-OM
• ZEB-COM
• ZEB-COME
• ZEB-COMPLETE

The Trias Energetica model was created by the Delft University 
of Technology, Netherlands in 1979 as a guide to help 
reduce the energy used in the construction industry. Although 
the model is dated, the concept remains relevant today as 
the construction industry accounts for around 40% of total 
emissions in the UK. Of this 40% almost half is directly related 
to the energy used in buildings, in fact, 10% of UK emissions 
can be attributed to heating homes alone. 

The three ‘points’ of the model are:
1. Reduce first
2. Produce Sustainable Energy
3. Use fossil fuels efficiently.

The ‘10 Steps to ZEB’ were designed by the 
Norwegian Research Centre on Zero Emission 
Buildings as a tool to help guide projects to their goal 

of designing and constructing a zero emission building (ZEB). 
The steps help to focus efforts, firstly, into the areas that will 
provide the largest benefits, then delves into techniques and 
solutions that can reduce emissions passively before moving 
onto providing active systems to help aid in achieving zero 
emissions.

The ‘10 Steps to ZEB’ are best explained when they 
are attached to a case study example— to better 
show how the steps are implemented in practice.  

ZEB House Larvik (p32). The ‘10 Steps’ are found below:

Step 1.  Process & Competence
Step 2.  Plan, Form & Orientation, 
Step 3.  Insulation & Airtightness
Step 4. Daylight & Sun, 
Step 5.   Effective Lighting & Appliances, 
Step 6.  Effective Heating, Ventilation & Cooling, 
Step 7.  Measurement & Control, 
Step 8.  Materials, 
Step 9.  Renewable Thermal, 
Step 10.  Renewable Electricity

The ‘10 Steps to ZEB’ provide an important and helpful 
guide when beginning any design project with the ambition 
of achieving zero emissions and the work of the ZEB Centre 
in Norway is a good resource from which to learn how to 
do this. The ‘10 Steps’ help to focus attention on each of the 
different components that can contribute to emissions within the 
building sector, from conception of the project, right through to 
completion, and may draw attention to areas that could easily 
be overlooked. For example, the embodied emissions of the 
materials used, not only in their manufacturing process, but in 
all the processes from raw material extraction to transport to 
site, and replacement throughout the life cycle of the building. 
Embodied emissions, the components of the steps as well as 
their importance and relevance to overall carbon emissions will 
be discussed in more depth throughout ‘Chapter 5 - Pathways 
To ZEB’.

A ZEN or Zero Emission Neighbourhood, are a group of 
ZEB interconnected buildings, which aim to reduce its direct 
and indirect greenhouse gas emissions to zero throughout the 
neighbourhood life cycle. Focus is placed on the following 
seven Key Performance Indicators (KPIs):

1. Reduction of GHG Emissions to zero, seen in a life  
 cycle perspective
2. Energy efficiency and renewable energy
3. Flexibility and Power
4. Mobility
5. Spatial Qualities
6. Economics
7. Innovation
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The ZEN Research Centre focuses on developing solutions 
for the zero emission buildings  and neighbourhoods of the 
future. To showcase these solutions they have developed 9 
pilot projects across Norway, each one unique in its context, 
goals and strategies for achieving net zero. An example of 
Innovation in Belfast would be the following centres such as the 
Ormeau Baths, Catalyst and the Belfast Maritime Mile. Each 
organisation responsible for preserving Belfast’s rich cultural 
history and industrial and maritime heritage. 

One of the main reasons that transport has become such a 
large contributor to emissions is due to a heavy dependency 
on the private car to facilitate everyday transport needs. In 
Northern Ireland, for example, people are so dependent 
on the private car for transport that over 70% of all journeys 
are made using this mode, thus making the car the largest 
contributor of CO2 within the transport sector. Some key 
statistics show the extent of NI’s car dependency - Over 70% 
of all journeys are made by private car, only 26% made by 
walking, cycling, and public transport. 87% of journeys >1mile 
are made by car.

Private car dependency provides possibly the greatest 
challenge in reducing emissions in the transport sector. It 
is imperative if we wish to reach net zero emissions in the 
transport sector that the largest contributor (the private car) 
is made a priority and its use limited as much as possible. 
Therefore there needs to be a large and accelerated effort 
to create a modal shift towards public and active methods 
of transportation. To help facilitate change we must analyse 
whether or not the current infrastructure in place would allow 
a modal shift to take place effectively, and identify the barriers 
that prevent people from using more sustainable modes.

Key challenges to Mobility, Transport  
& Spatial Quality:

1.  Car dependency
2.  Commuting
3.  Parking/Convenience
4.  Inadequate public infrastructure
5. Inaccessibility of Carbon Neutral Transport Options

Key solutions to Mobility, Transport  
& Spatial Quality:

1.  Implement Traffic Calming Measures
2.  Reduced Car Parking
3.  Improved and Encouraged Public & Active  
 Transport Systems
4.  Removing Parking Spaces
5.  Implement Car Free Zones/Traffic Calming Measures
6.  Improved Air Quality

The ZEN Research Centre has nine pilot projects spread across 
Norway. These pilot projects aim at reducing their greenhouse 
gas emissions towards zero within their life cycle. Serving 
as innovation hubs, the pilot projects test new solutions for 
developing zero emission neighbourhoods. The pilot projects 
reflect the interdisciplinary of the center as different parties 
work together: building professionals, property developers, 
public authorities, energy companies, building owners and 
users, and of course, researchers. They include both new and 
well-established areas that will be upgraded and developed 
further, involving more than 30,000 people, and covering 
more than 1 million square meters.

The ZEB and ZEN Centres’ goals are primarily focused on 
developing key strategies that will benefit the needs of many, 
with a diminished impact on the environment. In knowledge 
sharing, the ZEB and ZEN Centres aim to develop solutions for 
existing and new buildings whose production, operation and 
subsequent demolition further impact our current climate. And 
as CO2 emissions and other greenhouse gases continue to rise, 
every effort is made to alleviate the building sector’s emissions 
through heavily-researched and conscientiously designed 
buildings of the future, with the goal of every design being 
zero emission.

Chapter 4 Summary
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5.1 REDUCING  
MATERIAL EMISSIONS

5.1.1 Introduction

What are Embodied Emissions?
Embodied emissions (EG) are the emissions associated with 
materials, including extraction of raw materials, transport, 
installation, processing, and disposal at end of life. NB: There 
is no universally agreed definition for embodied emissions/
carbon.

‘Embodied emissions’ as defined by The Research Centre on 
Zero Emission Buildings:  “The term (embodied) does not refer 
to the carbon that is stored in the building material itself but 
rather to the emissions of greenhouse gases released into the 
atmosphere during the production of the materials.” This is 
a generalised version of the term that does not consider the 

Whole Life-Cycle Carbon (WLC) of the material, or from ‘
cradle to grave ‘including benefits and loads beyond the  
system boundary.”

LETI (London Energy Transformation Initiative) has defined 
embodied carbon* as - “the ‘upfront’ emissions associated with 
building construction, including the extraction, and processing 
of materials and the energy and water consumption in the 
production, assembly, and construction of the building. It also 
includes the ‘in-use’ stage (the maintenance, replacement, and 
emissions associated with refrigerant leakage) and the ‘end of 
life’ stage (demolition, disassembly, and disposal of any parts 
of product or building) and any transportation relating to  
the above.” 

CHAPTER 5 
PATHWAYS TO ZEB

5.1 Reducing Material Emissions 

5.2 Architectural Reuse 

5.3 Renewables – Active Systems
Figure 43: is based upon the different stages of the material life cycle, as defined by 

EN15978 (2011). These stages are discussed further on p66. (Diagram by Rory Magee)
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How do we Measure Embodied Emissions?
EN15978 (2011) — the European standard for sustainability assessment of construction work — was developed to separate 
and distinguish boundaries for the various stages of a building’s life cycle, making it easier to measure and compare the 
emissions between various materials, products and systems at equivalent stages.

Product
    A1 Raw Material Supply includes emissions from the initial extraction of materials, such as the cutting of trees 

in a forestry, or the mining of rare earth metals, stone & sand. 

    A2 Transport (to the factory) this is the initial transport stage and is typically short and therefore low in 
emissions - as often factories are located close to or on the site of extraction. 

    A3 Manufacturing emissions from this stage comes from the manufacturing processes used to turn the raw 
material into the finished product, such as cutting, planning, and gluing of wood to make Cross Laminated 
Timber (CLT), or forging processes to make steel. 

Materials that generally perform the best at these stages are wood-based products, as the carbon sequestered within the 
timber is reported as a negative value in A1. However, LETI has outlined concerns around using carbon offsets, stating -  
‘it seems to displace the problem to other locations and sectors.’ In the case of timber products, the carbon sequestered 
will eventually be released into the atmosphere through burning for fuel (Stage D) or through decomposing.

It must be noted that even without carbon offsets mass timber products, like CLT or glulam, have considerably lower 
embodied emissions than that of steel or concrete.

Construction
   A4 Transport (to site) emissions from this stage varies with the distance from factory to site, and the fuel used. 

To mitigate emissions from transport to site it is best to choose locally-produced materials, such as locally-
sourced stone/timber. 

   A5 Construction machinery used and practices on-site account for the emissions at this stage. Prefabricated 
elements can help to reduce emissions on-site as they speed up construction time, however, these products/
materials may be more emissions heavy throughout the product stages when compared to standard materials. 

Building Fabric
   B2 Maintenance covers the emissions produced from cleaning, re-finishing (painting) and other general maintenance. 

To reduce emissions at this stage it is key to select materials with low maintenance, and to design in strategies to limit 
maintenance requirements, e.g. overhanging eaves above timber windows.

   B3 Repair this stage accounts for emissions associated with repairing of materials and systems, such as fixing a hole in 
the roof or a leak in the plumbing. Generally, this stage has very low emissions, however, it is still important to specify 
quality materials and systems to limit the need for repair. 

    
   B4 Replacement emissions arise from the need to replace unrepairable materials and systems, e.g. if water were to 

damage materials within the building envelope or a case of flooding. To prevent this, it is important that it is considered 
at the design phase to design a watertight envelope or to raise the building if there is a risk of flooding. 

   B5 Refurbishment includes emissions from the redecorating of a space, whether it be that the space has changed use 
or needs a revamp. This can be limited by using neutral finishes (whites/off-whites, natural finishes, etc.) and designing 
adaptable spaces.

Most current EPDs (Environmental Product Declaration) don’t cover these stages because they are difficult to quantify, however, 
as EPDs become more advanced these stages will become scrutinised further.

End of Life
   C1 Demolition at this stage emissions are produced by the machinery used on-site to demolish/deconstruct the 

building. Modular and prefabricated constructions allow for quicker and easier deconstruction, whilst also making 
recycling and reuse opportunities greater, consequently reducing emissions.

   C2 Transport (to waste processing) this includes the emissions produced during transport from the site to the waste 
processing.

   C3 Waste Processing includes emissions from disposing, recycling and reuse of materials.

   C4 Disposal emissions associated with landfilling and recycling are accounted for at this stage.

Benefits and Loads Beyond the System Boundary 
   D Reuse, Recovery, Recycling Potential at this stage timber products may be burned for fuel (releasing their   

sequestered carbon), old bricks may be reused, insulation recycled, etc. Each of these actions have their own 
associated emissions.

Source: Birgisdóttir and Rasmussen, 2016
Source: Life cycle stages as defined in the European standard EN 15978 (2011)

Source: Birgisdóttir and Rasmussen, 2016 
Source: Life cycle stages as defined in the European standard EN 15978 (2011)



68    Chapter 5 / Pathways to ZEB Architects of Change 2022    69

Figure 44: Whole-Life Carbon Vision infographic outlining key target dates, definitions and key principles for best practice in achieving net zero. 
(Source: World Green Building Council)

Why do Embodied Emissions Matter?
In the UK, the built environment accounts for 49% of GHG 
emissions, of which approximately 80% is associated with 
operational building emissions, with embodied emissions 
accounting for 20%.

However, embodied emissions are beginning to represent 
a higher proportion of the building’s lifetime emissions as 
buildings become more energy-efficient, through using good 
passive design strategies, implementing efficient systems and 
the phased decarbonisation of the grid. LETI has estimated that 
in new efficient ‘low carbon’ buildings the embodied emissions 
can account for anywhere between 40-70% of the whole life 
cycle emissions.

Source: Birgisdóttir and Rasmussen, 2016 
Source: Life cycle stages as defined in the European standard EN 15978 (2011)

5.1.2 Importance 
& Relevance 
What is an EPD?
An Environmental Product Declaration (EPD) is a globally 
recognised document that presents transparent, verified, and 
comparable information about the life cycle and environmental 
impact of products and services. Each EPD is broken down 
into the aforementioned life cycle stages laid out in EN15978 
(2011) and provides general product information, calculation 
rules - that includes the declared unit of measurement (m3/
m2), scenarios and additional technical information - such as 
(A4) transport to site or (D) Reuse, recovery and/or recycling 
potentials scenario information, a results section – which 
outlines the product/material’s environmental impact (including 
global warming potential) and resource use, waste, etc.  
When comparing EPDs it is important to ensure that the 
declared unit and the LCA (Life Cycle Assessment) stages being 
covered are the same. For example, if EPD A included modules 
A1-A4 and EPD B included modules A1-A5, B2 and C1-C4, 
provided the declared unit is the same, only the shared modules 
of A1-A4 can be compared.

It is important to ask the manufacturer for a copy of their 
product’s EPD at the design stage, to allow the product with the 
best environmental performance to be chosen or to allow for 
compromises to be made where necessary.
 

Useful EPD Resources:
https://www.environdec.com/home
https://www.epd-norge.no/?lang=no_NO

Structural Material Comparison
Case Study – Moholt Timber Towers
Location Trondheim, Norway

Typology Student Housing

Load Bearing 
Construction 

RC frame Basement–Level 1,  
CLT Level 1–8

Cladding Kebony treated pine wood panels

No. Beds 1 Tower = 120, 5 Towers =  
Approx. 600

Moholt-Timber-Towers was initially designed using a traditional 
concrete frame. However, due to stringent environmental 
requirements, the client and the design team explored using 
CLT to reduce the embodied emissions of the project. 

There are five, nine-storey towers. “The project uses the site of a 
former parking lot to create a new heart for the student village 
with housing units, kindergarten, grocery store, and sports 
activities.” (MDH Arkitekter)

The basement and ground floor levels are constructed from 
reinforced concrete (RC) cast in-situ, then from the first to 
the eighth floor, the entire structure is constructed using 
prefabricated CLT elements, even the stair core and lift shaft.

Figure 45: Left, external view. Top right, communal kitchen/dining/living area showcasing the short spans that made 
the transition to CLT possible. Bottom right, stair core showing the connection between the ground to first floor concrete 
structure to the CLT above. (Source: Ivan Brodey)

https://www.environdec.com/home
https://www.epd-norge.no/?lang=no_NO
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The aesthetic choice of the architects was to expose as much 
of the CLT as possible and to highlight the steel and concrete 
elements using different coloured paints. Because, like timber, 
CLT experiences shrinkage, the façade cladding had to be 
designed to ‘absorb’ this shrinkage without creating tension 
in the cladding. For this, a treated pine wood panel system 
was selected.

Note: it is beneficial to construct CLT on top of a steel or 
concrete frame as it protects it from groundwater and therefore 
reduces the risk of rotting.

By comparing the early design phase reinforced concrete (RC) 
frame with the as built CLT and RC hybrid structure we can 
determine the impact of structural material choice on overall 
embodied emissions. 

The building element with the highest average embodied 
emissions is the superstructure. LETI has noted that on average 
for medium-scale residential the superstructure equates to 46% 
of total embodied emissions [Fig.46].

By creating two Revit models of the early design phase and 
then as built structures, it allows for material quantities to be 
calculated. These material quantities can be utilised with ‘global 
warming potential’ data from material EPDs to calculate and 
compare the embodied emissions of both structures.

Note: calculations for transport emissions will use Belfast’s Ulster 
University on York Street as the site.

Figure 46: Percentage of embodied emissions measured in a structure.
(Diagram by Rory Magee)

21%

46%

16%

13%

4%
MEP

Substructure

Superstructure

Internal
Finishes

Facade

Structure A
(as built)

Structure B
(early design phase)

Figure 47: Left, Structure A - RC basement and ground floor, CLT structure levels 01-08. Right, Structure A - RC basement,  
RC frame levels 00-08. (Diagrams by Rory Magee)
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Material Quantities

Building Components Structure A – CLT & RC  
Hybrid (m3)

Structure B – RC (m3)

Concrete Walls 196.47 247.33

Concrete Columns 28.05 104.85

Concrete Beams 39.67 80.83

Concrete Floors & Roof 190.51 1087.69

CLT Walls 608.82 n/a

CLT Floors & Roof 488.74 n/a

Total Rebar 9.45 32.22

Total Concrete 454.70 1520.70

Total CLT 1097.56 n/a

Concrete Component Percentage Rebar Volume within Concrete 
Component (%)

Beams 4.5

Columns 5.7

Slabs 1.7

Walls 1.3

Stages A1-A3
Biogenic carbon within timber products is counted as a negative 
value within stages A1-A3. The biogenic carbon stored within 
the CLT is -704 kgCO2eq/m3. Further manufacturing emissions 
from A1-A3 equate to 34 kgCO2eq/m3. Resulting in -670 
kgCO2eq/m3.

Stages A1-A3 are the most carbon-intensive stages for the 
concrete and the rebar due to the heavily industrious processes 
related to manufacture, producing 246 kgCO2eq/m3 and 
6,586.15 kgCO2eq/m3, respectively.

The emissions of Structure A for the product stage is -735,365.2 
kgCO2eq (CLT) plus 111,856.2 kgCO2eq (Concrete) and a 
further 62,239.12 kgCO2eq (rebar). Resulting in a net emission 
of -561,269.880 kgCO2eq. 

For Structure B the emissions associated with concrete amounts 
to 374,092.2 kgCO2eq, and a further 212,205.753 kgCO2eq 
linked to the rebar, resulting in a total of 586,297.963 
kgCO2eq carbon emissions for A1-A3. 

Providing Structure A with a saving of 1,147,567.843 kgCO2eq.

Stage A4
The concrete has been sourced locally from Belfast, whereas 
the rebar and CLT has been sourced from France and Sweden 
respectively.

Structure A’s CLT transport to site accounts for 61,606.043 
kgCO2eq. Similarly, the concrete and rebar within structure A 
total 373.195 kgCO2eq/m3 and 6,186.424 kgCO2eq/m3, 
respectively. Totalling 68,165.662 kgCO2eq. 

Structure B produces 21,092.759 kgCO2eq/m3 and 1,248.115 
kgCO2eq/m3 for the rebar and concrete respectively. This 
results in emissions of 22,340.874 kgCO2eq. 

Producing a saving of 45,824.788 kgCO2eq for Structure B. 
Highlighting the importance of sourcing materials locally where 
possible.

Stage A5
Assembly of the basement and ground floor concrete structure 
contributes 86.393 kgCO2eq, with 7,032.501 kgCO2eq 
attributed to the rebar, and the CLT structure above adding a 
further 878.048 kgCO2eq, totalling 7,996.942 kgCO2eq for 
Structure A.

In comparison Structure B’s concrete and rebar accounts for 
288.933 kgCO2eq and 23,977.480 kgCO2eq respectively. 
Total A5 emissions for Structure B accounts for 24,266.413 
kgCO2eq. 

Resulting in a saving of 16,296.471 kgCO2eq for Structure 
A. This is attributed to the high processing on-site of the rebar. 
Therefore, there is potential to reduce emissions by designing 
with standard rebar lengths or using a low carbon alternative. 
The low value attributed to the concrete is surprising as heavy 
machinery is required to pour the material on site.

Stage B1
The CLT and rebar EPDs do not cover stage B1 as it is deemed 
negligible. On the other hand, it is at this stage that carbonation 
occurs within the concrete. Carbonation occurs over time when 
the CO2 in the atmosphere reacts with CaO (Calcium Oxide) 
within the concrete to form CaCO3 (calcium carbonate), 
sequestering carbon within the material. 

Throughout stage B1 Structure A and Structure B sequesters 
-10,088.703 kgCO2eq and -30,898.730 kgCO2eq
respectively.

Stages C1-C4
Structure A emissions totals for the end-of-life stages equates to 
777,756.698 kgCO2eq. This is because the biogenic carbon is 
stored within the timber. 

The total emissions over C1-C4 for Structure B are -3,747.806 
kgCO2eq due to the high levels of recycling and reuse 
associated with the concrete.

Giving the concrete structure a saving of 
781,504.504kgCO2eq.

Stage D
The concrete EPD does not measure emissions beyond the 
system boundary because 100% of the material is recycled or 
sent to landfills. The rebar is recycled and processed using an 
electric arc furnace (EAF) and the CLT having been processed 
into woodchips is burned as biofuel. 

This equates to a further 132,427.195 kgCO2eq in embodied 
emissions for structure A, and 88,524.450 kgCO2eq related to 
Structure B. 

The total life cycle material emissions for Structure A is 
421,547.533 kgCO2eq. Over the study period of 60 years, this 
equates to 7,025.792 kgCO2eq/yr. Similarly, the total life cycle 
embodied emissions for Structure B calculates to 686,783.164 
kgCO2eq or 11,446.386 kgCO2eq/yr. 

Resulting in Structure A producing 265,235.631 kgCO2eq less 
than Structure B, which is equivalent to a reduction in Whole 
Life-Cycle Carbon EG of 38.6%.

This is largely attributed to the high processing required during 
manufacture and recovery of the rebar, with EG associated with 
the rebar contributing 267,959.628 kgCO2eq or 39% the 
overall EG of Structure B, despite its relatively low volume.
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Figure 48: Graph showing the embodied emissions of stages A-D with biogenic carbon and carbonation offsets. 
(Diagram by Rory Magee)
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39% reduction over Structure B

Figure 49: The difference in the structures and their embodied emissions.
(Diagram by Rory Magee)

CLT
EG per m3: -600 kgCO2eq

Global production: European production is estimated to be 610,000m3 in 2015

Associated Emissions: CLT is carbon positive due to carbon sequestration during the lifetime of 
the tree

Concrete
EG per m3: 550 kgCO2eq

Global production: 4100 Mt (2018)

Associated Emissions: 6-8% of direct global CO2 emissions

UK production: 9.4 Mt

Net Imports: 1.4 Mt

Forecast consumption: 2x by 2050

Copper
EG per m3: 24,230 kgCO2eq

Global production: 21 Mt

Associated Emissions: Transport emissions of virgin copper to Europe is large.

Glass
EG per m3: 3590 kgCO2eq

Global production: Flat glass accounts for 16%, glass fibre 6%, containers 45% and 
speciality 33%. 

UK production: 4 million tonnes per year

Limestone
EG per m3: 250 kgCO2eq

Global production: Global market for natural stone is 1 million tonnes per year, compared to 
220 million tonnes for natural aggregates.

UK production: 80% of UK produced limestone is used in construction

Net Imports: UK is a net exporter

PVC
EG per m3: 4790 kgCO2eq

Steel
EG per m3: 12,170 kgCO2eq

Global production: 1809 Mt

Associated Emissions: 7-9% of direct global CO2 emissions

UK production: 7.7Mt

Forecast consumption: 2x by 2060

Material EG
Through Stages A1-A3

Aluminium
EG per m3: 25,650 kgCO2eq

Global production: 64Mt

Associated Emissions: 1% of direct CO2 emissions

UK production: 42000 t

Forecast consumption: 4x by 2050

Bamboo
EG per m3: 230 kgCO2eq

Global production: It is estimated that 31.3 million hectares of land is used for growing bamboo

Net Imports: EU is the largest global importer of bamboo products

Forecast consumption: Total area deemed suitable for bamboo is 122 million hectares,  
made up of degraded forests and grasslands in humid areas - 4x current area 

Brick
EG per m3: 320 kgCO2eq

Global production: 1500 billion bricks

Associated Emissions: <1% of direct CO2 emissions

UK production: 1.8-2 billion bricks

Forecast consumption: 2x by 2060

3
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(Information source: https://carboncounts.fcbstudios.com/) (Information source: https://carboncounts.fcbstudios.com/) 
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5.1.3  Challenges 
Challenges
Most research to date around reducing the overall emissions 
of the built environment has focused on reducing operational 
carbon emissions, subsequently, research and development 
around embodied emission calculations has lagged behind. 
There is no universally agreed definition or methodology for 
calculating EG; results can vary from material to material, and 
from country to country — in Norway, and most of Europe,
timber sequestration is accounted for as a negative value at A1, 
whereas in the UK there is some debate about the use of carbon 
offsets.

EPDs do, however, provide transparent results that can be 
reviewed and used to measure site specific emissions, such  
as transport to site.

Focus must now be put on improving industry knowledge 
and creating internationally recognised methodologies for 
measuring specific products. The challenge then is to reduce
emissions from building materials with the largest EG - typically 
the superstructure.

Other challenges include:
•   Lack of information and transparency on materials in 

products
•  Lack of industry understanding (for calculating EG)
•   Lack of consistency of methodology for calculating 

embodied carbon
•  Lack of available data from case studies
•  Lack of funding - be that from the client/developer or in 

Research & Development
•  Lack of local guidance
•   Some high performance materials, i.e. EPS (Expanded 

polystyrene) insulation have high EG 

5.1.4  Key solutions 
Best Practice
LETI has outlined 6 key ‘rules of thumb’ for reducing embodied 
emissions:

1. Build less - refurb & reuse
2. Build light - consider the building structure
3. Build wise - longevity & local context
4. Build low carbon - review material specifications
5. Build for the future - assess end of life & adaptability
6. Build collaboratively - involve the whole team

Build Less
It is important to only build what we need, because the most 
sustainable building is the building not built. 

Some strategies for building less include:
•  Retrofitting existing buildings greatly reduces EG, as less 

materials and generally less construction time is required.
•  Using existing materials on or close to site, such as 

incorporating an existing wall into your design limits the 
materials to be transported to site, whilst also repurposing 
an older structure.

•  Consider designing adaptable spaces which allow for 
multiple functions spread throughout the day/year, i.e. 
classrooms that can open to create an assembly hall, or the 
use of adaptable integrated furniture that can give the space 
multiple functions.

•  Consider the brief - does it provide the most efficient use  
of space? Is everything on the brief required? Can uses  
be shared?

•  Simplify the design - simpler designs require less materials 
and therefore less EG.

•   Review the materials proposed - do you need 200mm of 
insulation or can you achieve the efficiency targets with 
150mm? (This also may provide cost savings)

Build Light
The lighter you build, the less materials you need. It must be 
noted that the building’s element with the largest EG is often the 
superstructure, therefore any measures to reduce this are critical.

Some strategies for building light include:
•  Reducing the weight or ‘dead loads’ means that less 

structure will be required.
•  Reduce the number of long spans - therefore reducing the 

requirement for carbon intensive steel and concrete beams.
•  effectively - can specific dead loads be positioned to 

transfer as vertically as possible? Think about cladding, 
building integrated renewables, furniture and other dead 
loads.

Build Wise
Key to a building with low EG is considered design.

Some strategies for building wise include:
•  Ensuring longevity of material and systems specifications, 

reducing the need for replacement. 
•  Protecting timber elements - i.e. overhanging eaves above 

timber windows.
•  Reviewing material sizes and design to reduce  

on-site waste.
•  Reducing unnecessary structure - often buildings are 

over-designed, a capable design team can carry out the 
calculations to ensure correct utilisation of the structure.

•  Analysing your site - are there any usable materials or 
structure existing on-site? What materials can be locally 
sourced? Can you design around the topography (to reduce 
emissions from excavation)? 

Build Low Carbon
It is essential to consider material choices when aiming to 
reduce EG.

Some strategies for building low carbon include:
• Comparing material EPDs.
•  Choosing natural renewable materials - like mass timber 

over concrete.
•  Focusing on the elements with the largest proportion of  

EG - structure and envelope.
• Limiting your foundations - build light.
•  Choosing natural finishes - i.e. charred wood over  

painted wood.

5.1.5 Exemplar Case Study
Local Case Study
Murray Grove
Designed by Waugh Thistleton Architects, Murray Grove 
[Fig.50] is the first tall urban housing project to be constructed 
entirely from prefabricated solid timber. The nine-storey structure 
was, at the time, the world’s tallest timber building, comprising 
of ground floor retail, 3 storeys of social housing, and 5 
storeys of private housing (a total of 29 units). Each apartment 
has external access in the form of inset corner balconies. To 
serve both housing typologies the building has two separate 
entrances and cores.

Why Wood?
Originally, the apartments were to be constructed using a 
traditional steel and concrete frame. Fortunately, a mix of 
high steel and concrete prices due to demand caused by 
construction for the 2008 Beijing Olympics, the expertise 
of Waugh Thistleton Architects on research into materials, 
particularly Cross Laminated Timber (CLT), and working 
alongside a progressive building official willing to both accept 
the possibility of working with timber and taking on a new 
interpretation of the UK’s mandatory Eco-Homes program.  
The developer also had a keen interest in gaining experience  
in using CLT.

The design team used the carbon sequestered within the timber 
in place of the mandatory “Merton” rule, which requires 10%  
of the building’s operational energy to be generated on-site.

It was shown that a similar construction using a standard 
steel and concrete frame would produce 125,000kgCO2eq, 
whereas, the CLT structure sequesters 185,000kgCO2eq. 
Giving a combined saving of 300,000kgCO2eq, equivalent to 
20 years of operational emissions.

Structure
The “honeycomb*” structure [Fig.51] has been designed to 
ensure that if any one of the vertical walls were to be removed/
lose its load-bearing capacity, the floors above/below would 
not be affected, protecting the building against progressive 
collapse.

All walls apart from the ground floor were constructed using 
CLT. Even the core walls, which used a double layer of CLT to 
carry the lifts and stairs. The reason the core walls were made 
from CLT apposed to concrete is due to moisture induced 
movement in the wood, ensuring that the walls and floors move 
together over time.

The ground floor walls were constructed using concrete to 
protect against progressive collapse, in the unlikely event of a 
large vehicle being driven into the building. This also acts to 
further protect the CLT from water damage due to flooding.

Fire
Today, one of the main limiting factors for the widespread 
adoption of timber structures is the perception of fire safety. 
However, with advancements in fire separations, fire retardant 
coatings and improved firefighting equipment and strategies, 
timber has once again become a trusted structural material. 
(It must be noted that many fire resistant coatings may have a 
negative environmental impact). 

As wood burns and chars, the charred layer actually insulates 
the layers beneath protecting them from fire damage. Therefore, 
the thickness of the CLT has an impact on its fire resistance. 

Within the apartments there is a 30-minute fire rating, 
60-minutes between units and 120-minutes between vertical 
circulation areas. To achieve the necessary ratings the 
thickness of the CLT was increased in certain areas, and for 
the 120-minute zones the CLT was lined with gypsum board to 
reduce the need for extra thick and expensive CLT.

Figure 50: Murray Grove urban housing (Source: Waugh Thistleton Architects).
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Some strategies for improving fire safety in timber 
buildings include:
•  Encapsulating the timber structure with gypsum board/other 

non-combustible material.
•  Using thicker wood than structurally required to provide a 

superficial charring layer.
• Integrating sprinkler systems, fire alarms, and other  
 active systems.
• Coordinating fire strategies with local fire brigades.
• Compartmentalising the building. 
• Designing short exit distances.
• Cladding the building in a non-combustible material.
• Using fire retardant finishes to exposed wood or precharring  
 to delay ignition.
• Using hemp as wall insulation due to its exceptional   
  durability and fire resistant qualities; hemp can be further 

treated with non-toxic silica to enhance protection. 

Acoustics
Acoustics can be a major issue within multi-residential timber 
structures, as low frequency sounds can cause reverberation in 
the wood. Waugh Thistleton developed a simple layered floor 
system to limit sound transmission. The floor build up consists of 
146mm CLT floor panel, 25mm compressed insulation, 55mm 
screed and 15mm wood flooring.

5.1.5 Exemplar Case Study
International Case Study
Campus Evenstad
Project: Educational Building (ZEN)
Location: Evanstad, Norway.
Year: 2017
Ambition Level: ZEB-COM
Architect: Ola Roald Arkitektur AS
ZEB-partners involved: Statsbygg, SINTEF Byggforsk 
and NTNU
Floor Area:1100m2

Campus Evenstad [Fig. 52] belongs to Hedmark University 
of Applied Sciences (HUAS) and consists of several buildings 
sharing the same rural site that form a ZEN through energy 
synergies. Energy is generated on-site through a large 70m 

solar roof on top of ‘the barn’ and an on-site CHP unit that uses 
locally sourced woodchips from a sustainably managed forest 
to provide both heat and electrical energy for the campus, with 
the surplus being sold to the grid.

The ZEB new build is connected to the existing library and 
consists of:

• 24 offices and meeting rooms for academic staff
• 7 offices for PhD students and guests
• Reception area
• 5 meeting rooms and classrooms
• Conference rooms with the capacity for 250 people

Campus Evenstad is the most ambitious of the 9 pilot projects, 
achieving ZEB-COM status. This means that the building’s 
renewable energy production compensates for GHG emissions 
from construction, operation, and production of building 
materials.

Figure 51: The building’s “honeycomb” structure. (Source: Waugh Thistleton Architects)

*Honeycomb structures are 
used in passenger aircraft and 
form the floors that people walk 
on. They are also designed 
and manufactured in Belfast/ 
Newtownabbey from resin-
dipped cardboard. 

Figure 52: Campus Evenstad (Source: Ola Roald Arkitektur)
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Energy Strategy 
1.   Large batteries store a mix of renewables from the grid and 

generated on-site; solar and energy from the CHP unit. 
Helping to meet energy demand during peak times. The 
batteries also supply starting power to the CHP unit.

2.   Work is underway to use electric car batteries to stabilise 
the power supply when it is necessary.

3.   Solar energy is generated by PV panels on the south pitch  
of the barn roof.

4.   The CHP unit uses locally produced wood chips from a 
sustainably managed forest.

5.   When surplus energy is generated it can be sold to the grid. 
Providing the grid with more green energy and Campus 
Evenstad with a passive income stream.

5.1.5 Exemplar Case Study
International Case Study
ZEB - COM

+

Figure 53: Campus Evenstad’s energy strategy. (Diagram by Rory Magee)

1.

2.
3.

4.

5.

The graph on the right [Fig.54] represents the ZEB-COM balance for Campus Evenstad. The 
emissions therefore have been measured across the Construction phase, Operational phase  
& Material emissions.

 Operational Energy Use = 111,192 kgCO2eq

 
 Embodied Emissions = 572,087 kgCO2eq

 
 Construction Emissions = 77,732 kgCO2eq

 
 Sequestered Carbon in Mass Timber = -199,014 kgCO2eq

 
 Energy Generated on Site = -1,474,268 kgCO2eq

Energy generation is the primary strategy used to offset emissions, with it alone saving 
713,257kgCO2eq more than is emitted over the 60 years of the building’s life.

Additionally, the carbon sequestered within the mass timber is far greater than the emissions 
due to operation over the 60 years. (It must be noted that calculations used the energy grid mix 
of Norway which is much greener than Northern Ireland).

Figure 54: Graph represents the ZEB-
COM achievement of  Campus Evenstad.
(Diagram by Rory Magee)
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Embodied Emissions
Campus Evenstad has been designed and constructed using 
materials with low embodied emissions. Since typically the 
superstructure is the largest contributor towards the EG of 
a building it was key to focus on reducing emissions within 
the structure. Consequently CLT was chosen as the primary 
structural material, with glulam beams and pillars supporting 
larger openings within the plan and facade. Within the ZEB/
ZEN Research Centre, carbon sequestered within timber 
products can be reported as a negative value, resulting in a 
saving in emissions.

Further savings in EG came from using low carbon concrete for 
strip foundations, which uses less concrete than standard pad 
foundations. Wood fibre insulation was also used within the 

walls to allow for a breathable facade, whilst also being a low 
carbon alternative to EPS insulation. Wood fibre insulation is 
less thermally efficient and less water tight than EPS insulation, 
so a compromise was made and EPS insulation was used for the 
roof and floors.

The use of adaptable space has further reduced the EG, by 
reducing the overall floor area; two classrooms and a lobby 
space can be opened up to form a large conference room 
with the capacity for 250 people. This conference room would 
otherwise be ‘dead space’ for most of the year had it not 
been adaptable.

Figure 55: Exploded axonometric of Campus Evenstad. (Diagram by Rory Magee)

Figure 56: Materials used in Campus Evenstad. (Diagram by Rory Magee)
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External Walls
The external walls were originally designed to be a Norwegian, 
prefabricated massive wood construction. The advantages of 
this is that it is thinner (meaning less materials), cheaper, quicker 
and easier to install.

However, it was decided not to use this construction as there 
was a risk of water buildup within the structure, due to its vent-
less design. Instead, a more traditional breathable facade 
was chosen.

5.1.6 Stakeholder Role  
& Responsibilities
Developer/Client
As a developer/client - You should be aware of the construction 
industry’s contribution to total carbon emissions, and the project 
brief should reflect that knowledge. Clients should work with 
consultants to reduce emissions wherever possible in the project 
and specify materials and technologies that will help to reduce 
emission during construction and end use.

Designer/Consultant
As designer/consultant - You should also be aware of the 
impact the construction industry has on the total carbon output. 
Working with the client and other consultants / members of 
the project team, you should use knowledge of materials and 
construction to first design then construct a building that is able 
to work passively to reduce energy usage where possible. You 
should be up-to-date on current technologies and materials that 
can help to reduce the overall embodied emissions of a project 
as well as operational energy and use this knowledge to advise 
the developer/client.

Legislator/Government Official
Continue to provide incentives and provisions to upgrade the 
existing built environment. Place emphasis on/and encourage 
investment into renewable forms of energy. Enforce penalties on 
new buildings that do not meet high levels of energy efficiency.

General Public
Consider how you fulfill your own operational energy 
requirements and ask yourself whether you could implement 
more sustainable methods of producing energy in your own 
home. Could you invest in solar technology to help meet your 
electricity needs? If you do rely on fossil fuels for your home 
heating, could your boiler be upgraded to a more efficient 
model to reduce energy wastage? Could you implement a 
smart meter to help to monitor consumption and conserve 
energy for when it is needed most?

5.2 ARCHITECTURAL 
REUSE 
5.2.1 Introduction

Figure 58: Reuse, recycle and retrofit. (Diagram by Cathal McKenna)

Architectural reuse is not a newly recent modern practice. 
For hundreds of years, due to ease and availability, existing 
buildings have been continually repurposed and granted a new 
lease of life to suit the needs of an area’s required use. 

The importance of retrofitting has taken an entirely new focus in 
our current timeline due to the pressures of climate change and 
the United Kingdom’s efforts to reach net zero by 2050. With 
current building stock contributing 49% to overall emissions, the 
strategies of retrofitting harken back to past sensibilities where 
the “waste note, want not” mentality was the norm.

“Existing buildings in some countries are expected to account 
for up to 80% of the stock in 2030; retrofits have an especially 
important part to play in improving energy efficiency.” (IEA)  
Retrofits can provide huge benefits, through health and 
wellbeing e.g., preventing health risks from mould and damp, 
balance out energy costs and reduce the risk of fuel poverty. 

Retrofitting Preface
Antecedent to the reoccupation of unused buildings, they are 
occasionally in need of, or required, to be retrofitted in order to 
suit the needs of the building’s proposed next use, especially if 
the standard of materials and systems currently integrated are 
not sufficient.

Retrofitting
Retrofitting demonstrates the idealistic approach to 
economically conserve and ultimately improve declining 
infrastructure such as buildings not fit for modern standard 
or those subject to degradation. Retrofitting averts any 
environmentally harmful Greenhouse Gas (GHG) emissions 
produced in the demolition of perfectly usable structures, whilst 
maintaining an area’s vernacular and character. All buildings 
hold a future through retrofit as their life cycle is being extended.

Figure 57: Facade built detail. (Drawing by Rory Magee)
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Definitions
 Retrofitting – ‘Adding components or accessories to an existing 
building.’

Common Retrofitting – ‘Conventional retrofits focus on isolated 
system upgrades e.g., HVAC systems, lighting, solar panels, and 
are generally fast and effectively adopted.’

Deep Retrofitting – ‘Adding sustainably constructed/
reused materials and applying sustainable component(s) or 
accessories to an existing building that will ultimately reduce 
further carbon emission output.’

A series deep retrofit international developments across Europe 
at a viable scale has already been achieved or is being 
delivered, two of which are discussed further in depth within 
‘Chapter 5.2.5’, as deep retrofit prevents higher emission output 
and will be the practice referred to throughout this section most. 

Impact on Existing Buildings
Within retrofitting as a whole, there are two varied subtypes: the 
first being ‘low impact’ and the latter being ‘high impact’ — this 
refers to the amount of noticeable change made from retrofitting 
to an existing building’s design. As with any improvements to 
any construction, there are key concerns to consider — these 
will be discussed further in ‘Chapter 5.2.3’. 

Figures 59 and 60: State Buildings, 16-22 Arthur Street, Belfast (Photograph source: PropertyPal)

In most cases ‘Low impact, deep retrofit’ is most commonly 
applied to buildings with strict budgets aiming to reduce energy 
use and loss. Additionally, as low impact deep retrofit is ‘non-
invasive and non-destructive’, it is also frequently applied to 
‘listed’ buildings of architectural or historical interest that are 
conserved for future generations. Retaining or recreating the 
original fabric of a building while conforming to modern day 
standards is possible through low impact deep retrofit. 

In the retrofit of a building of architectural interest for example 
[Fig.59 and 60], to not affect the look of the building, internal 
insulation would be used as opposed to external insulation. 
External insulation does not require internal works (and 
therefore does not cause disruption to the internal area). 
Unfortunately, internal insulation, as a consequence, causes 
huge reduction and disruption to the total internal floor area 
by the amount required for the make-up of the newly insulated 
wall, with furniture, appliances and radiators possibly 
needing resitting.

The photos to the left show the State Buildings located on 16-22 
Arthur Street which were retrofitted and arranged over second, 
third and fourth floors above a fully operational retail shop. 

Retrofitting schemes should work in tangent with, and respect, 
the already existing built fabric i.e., structure, walls, openings, 
roof, etc., each to be utilised or amended for the transformation 
into a new place.

Most issues in existing buildings are a result of either an 
extremely harsh climate or outdated or poor design construction 
techniques. The building sector’s manufacturing and construction 
industry is constantly adapting existing and developing new 
methods, technologies, and materials, hence the urgent need to 
‘upgrade’ outdated existing buildings to a better standard.

How to Determine a Building in Need of Retrofit
By using three senses - Sight, Touch, Smell. 

Factors to address when considering a retrofit: 
•  Air Quality/Water ingress – Is there condensation, mould/

damp conditions?
•  Thermal Comfort/Outdated Systems – Is there an old 

heating source, low-quality materials, deterioration, 
hazardous materials used, high U-value windows?

•  Ageing – Cracks, Erosion/Corrosion, Damage/Vandalism
• Other – Infestation, Sick Building Syndrome

Along with the benefit of a building’s longer lasting life post-
retrofit, the improvement of a building’s infrastructure through 
detail and outfitting allows it to become a more visually 
pleasant and appealing usable/liveable space. Not only 
good for the eyes, retrofitting also provides improved health in 
building user/inhabitants, through the improvement of indoor 
air quality, thermal comfort and non-hazardous materials that 
were used in poor or outdated construction techniques. 

5.2.2 Importance 
& Relevance
Prologue
Architectural reuse holds a range of many important factors 
socially, environmentally, and economically that deem it 
important within the present situation of climate change. 
Retrofitting is the most direct way to extend the life cycle 
of an existing building.

The average annual energy retrofit rates in buildings are 
currently less than 1% in most major markets, which is well 
below the level required to achieve sustainability objectives. 
Most buildings in advanced economies, such as the UK, the 
USA and Europe – where heating demand is concentrated 
– were built before there were effective building codes. Even 
today, less than one-third of countries globally have relevant 
mandatory energy-related codes for new construction.

In developing countries where building stock is expanding 
at a rapid pace, it is especially crucial to ensure that all new 
buildings are designed and built as efficiently as possible — 
one of the main goals of the ZEB Research Centre. 

Residential retrofit creates improved living conditions for 
current and future communities and has the potential to 
reduce a residential home’s total energy demand by 80%. 
The Government must work closely with sector stakeholders 
and publish a defined road map, with quantitative targets, 
investment and implementation plans to achieve ambitions 
of a minimum EPC rating ‘C’ in existing housing stock. 

Social Importance
Architecture is supposed to be enjoyed and retrofitting any 
existing building provides a refreshingly amiable experience. 
Any building upgradation enables for an original building to be 
revived, providing a more inviting encounter. This final product 
provides many social benefits to its users/inhabitants, such as 
enhanced well-being and increased productivity, higher quality 
spaces and better standards. 

In order to carry out any architectural reuse schemes a 
variety of professions are required which thereby increases 
job prospects and roles. Retrofitting grants towns and cities a 
celebration of a moment in time and its overall history; dense 
build form areas are sometimes woven in with discoverable 
character, preserved for current and future observers to enjoy. 

Economic Importance
There is potential for further investment in infrastructure, upside 
in the overall performance of a building through to improved 
energy efficiency, reduced maintenance costs, and better 
thermal comfort. ZEBs have shown that they provide better 
heating at lower costs to residents which could also provide 
enormous benefits to the NHS due to sicknesses being 
prevented such as environmental respiratory issues. This in turn 
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would save costs at individual level, national level and including 
helping the most economically-disadvantaged.
As energy prices continue to rise, the relative benefits of energy 
efficiency will become increasingly important. Retrofitting is 
fundamental to achieving climate and fuel poverty policies. 
There is the opportunity for lower energy bills for consumers 
which results in reduced energy poverty. 

The IEA has suggested that “retrofitting 20% of buildings in 
advanced economies over the next five years would reduce 
CO2 emissions from space heating by around one-fifth” with 
“major cost-effective gains…achieved by improving insulation 
and installing heat pumps.” (IEA, 2020). This ideology is 
intrinsic to the evolution of the built environment and retrofit, no 
matter how costly, can help improve the resilience and security 
of energy systems by decreasing energy use. 

Retrofitting a building will help to comply with government rules 
and regulations under the Energy Performance of Buildings 
Directive (EPBD) and move towards near zero energy buildings, 
zero energy buildings and energy positive buildings.

Environmental  Importance
Often, the demolition of an existing building for the replacement 
of a new one not only requires a significant amount of extra 
financial cost, but has a significant amount of extra CO2 
emission output, inserting a negative impact on the environment. 
Energy consumption in the built environment accounts for 40% 
of total energy consumption — this is mostly due to the fact a 
significant proportion of buildings were constructed when there 
were no asserted energy efficiency guidelines/codes within 
building regulations.

The most effective way to reduce energy demand and emissions 
in existing buildings is to make improvements to the building 
envelope, i.e. adding insulation and improving glazing. 15%  
of the UK’s total emissions come from heating homes alone.

Heat loss through the building Envelope  
(Average home)
Floor (Ground) - 10%
Walls - 35%
Doors - 10%
Windows - 20%
Roof - 25%

Implementing deep energy retrofits on existing buildings offers 
the opportunity to greatly reduce energy demand linked to 
space heating by two-thirds or more. Deep energy retrofits 
can also reduce or eliminate emissions when switching to 
renewables or when decarbonised electricity is considered. 

Additionally, the introduction of more efficient equipment, such 
as heat pumps or heat solutions based on renewable resources, 
and to digital energy management, is also extremely effective. 
Building efficiency measures are central to achieving near zero 
energy building status in both new and existing buildings.

5.2.3 Challenges
Prologue
Within this section are areas that present the main challenges 
in relation to architectural retrofit: policy, cost, awareness, 
deliberation, waste, and climate. Each area is briefly broken 
down and explored to provide a necessary understanding in 
relation to their ‘Key Solutions’ followed in ‘Section 5.2.4’. 

Policy 
There is still a lack of current policy surrounding retrofitting.

Expense
Reduce costs and build the supply chain capacity by 
developing more pilot projects and demonstrators. This 
will bring the cost-per-property to below 30-year repair, 
maintenance and refurbishment budgets. This is a big economic 
opportunity for the supply chain. Retrofit projects can find it hard 
to attract financing. 

Cost-effective in various ways, from occupier savings to 
optimising infrastructure investment. Costs per home are still 
high, and we do not yet have a supply chain that can quickly 
deliver large scale cost effective deep retrofits. 

Awareness
There is a limited awareness on retrofits and what they mean to 
the environment, to potential buyers, to developers, etc. First-
time buyers feel that there is more work to be done on a retrofit 
property and rarely consider it a possibility. This has affectively 
shown a lack of customer demand. 

Deliberation
•  The final appearance and respecting the existing 

surroundings. Respecting the surrounding community: 
The impact of deliveries and parking e.g., routes, timings, 
unloading, public diversions, utility works, etc.

•  Protecting the environment: Efforts made to minimise the 
impact of vibration and of air, light, and noise pollution. 
Turning off site equipment when they are not being used. 

•  If there are plans to do work to the outside of the existing 
property, e.g., extending it, depending on the location; a 
check by a trained wildlife specialist to examine any nearby 
trees, plants and hedges or signs of a place an animal lives, 
could potentially be disturbed by the overall works —  
a common mistake is damage to tree roots.

•  Growth of plants or habitation of wildlife that may have 
found refuge in the time the building has not been in use, 
affecting protected species. 

•  Securing everyone’s safety: Systems being in place that 
care for the safety of the public, visitors and workforce with 
adequate facilities provided to the workforce for example 
changing, drying, toilets, showers, lockers, canteen, etc.

Waste
Construction, demolition and excavation amounted to three-
fifths (62%) of total UK waste in 2018 (DeFra Statistics).

The majority of debris after demolition will reach landfills.
Planning ahead for the future and using sustainable materials 
during a retrofit can also provide long-term financial benefits, 
due to the requirement for less replacement cycles and 
maintenance required from sustainable materials. Waste 
Adequate space for waste collection, older structures. 

Climate
The UK is already affected by climate change, with rising 
temperatures documented  in recent years. The most recent 
decade - 2008-2017 - has been on average 0.8C warmer 
than the 1961-1990 average, with ten of the warmest years 
documented since 1990 and nine of the warmest occurring 
since 2002. (UK Government)

• Heavy Rainfall, Rising Water Levels, Floods - Dampness.
• Sunlight.
• Low/High Temperatures.
• Prevalent Winds.
• Harsh weather.
•   Modern building techniques are still developing to best 

prevent these weather changes. 

5.2.4 Key Solutions
In response to ‘Section 5.2.3 - Challenges’, 

Government Action
Funding for local authorities and housing associations — 
providing financial support to help improve the energy 
performance of homes, especially those most at risk of fuel 
poverty. Introduce government schemes to fund the installation 
of energy efficient measures, smart technologies and low-
carbon heating systems in domestic properties, both for private 
homes and rented accommodation.

Meeting the UK Government’s ambitious net zero carbon goals 
will require the vast majority of the UK’s 27 million homes to 
reach zero carbon by 2050. With this overarching goal the 
government has a number of programmes and policies that 
aim to deliver cost-savings on fuel usage, to  ensure that homes 
are thermally comfortable, support clean growth, tackle fuel 
poverty by reduced fuel bills and supporting resilience and 
green jobs.

Promotion
•   Homeowners  — by identifying the best ways to discuss 

the benefits of deep retrofit and developing trusted 
intermediaries to be a single point of contact for owners  
and tenants.

•  Create clear, consistent policy objectives and a national  
 programme for deep retrofit and climate resilience, with an  

 initial focus on social housing, which makes up 17% of UK  
 homes. That’s approximately 4.5 million homes in the UK  
 and an ideal place to start scaling up demand and driving  
 down costs.

•  Government objectives, promoting incentives for retrofitting  
 your home.

• Community Action.

Renewables and Smart Systems
Adequate planning ahead by integrating efficient systems and 
materials for climate protection, taking into account the use 
of natural sunlight. Can the building’s retrofit design integrate 
efficient smart systems, such as smart controls, thermostat, and 
automated Lighting Energy efficient appliances?

Active Strategies
•  Efficient HVAC recovery systems 
• High U-Value Windows
• High thermal performance insulation and Airtightness

Is there potential for site or nearby accommodation for 
renewable technologies such as:
• Renewable Energy & Renewable thermal and water
• Solar PV panels
• Wind Turbines
•  Hydro Turbines and Current Systems sensors and timers -  

for example, the Airbus A380 has timed 10-minute showers 
whilst airborne - which can vastly improve your energy 
efficiency ratings and cut energy costs substantially.

• Solar thermal energy.
•   Geothermal (Not common in the UK and Ireland) - Queen’s 

University, in collaboration with Arup, MJM Renewables 
(MJM Group, Newry) and Geothermal Engineering Ltd. is 
a new consortium formed to explore and focus on projects 
with the aim to provide 100% renewable energy to homes 
and local businesses across the region. Geothermal NI - a 
consortium of academics and leading businesses - desires 
to decarbonise Northern Ireland’s power and heat networks 
in support of zero carbon emissions and to promote 
geothermal energy as a sustainable and clean alternative. 

• Alternative Ground source heat pumps (GSHPs).
• Reticulating Coil Emerson Underfloor Heating Systems.
• Rainwater collection; this could include installing water- 
 saving flush toilets in your workplace, LED lights, motion.
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5.2.5 Exemplar 
Case Study
Local Case Study
Project: Lambourn Road, Clapham
Location: Clapham, London, England
Architect: Granit Chartered Architects Ltd
Floor Area: 180m2

This dilapidated and crumbling Victorian house in SW London 
was retrofitted to incorporate modern sustainable methods 
and materials. The pre-1919 property used as a test bed for 
proven and less proven technology, with the aim to introduce 
new materials, products, elements, and equipment to significant 
lower energy usage and costs, with the overarching aim of 
reducing the building’s CO2 emissions. 

After its completion the intention was to monitor the energy 
usage and costs post-occupancy over a 12-month period to 
determine whether the strategies on the project reached a level 
of sustainability through its various technological assessments. 
Sustainable features in the retrofit included solar heating, a ‘wild 
meadow’ green roof, a rainwater storage/irrigation system, 
external insulation to the solid walls and lastly, a whole-house 
mechanical ventilation system (MVHR). 

Strategies used on this retrofit included a “fabric first approach” 
— maximising the performance of components and materials 
that make up the building fabric itself ( an important factor in 
ensuring the existing structure is as energy efficient as possible 
before renewables are considered), external wall insulation, 
thermal bridging, and double-glazing and a new solid timber 
front door, tight fitting to achieve a U-value of 2.0 W/MsqK. 

The front façade remains true to its Victorian sensibilities, 
but a new extension was added to the rear, designed in a 
contemporary style. The extension rises over three storeys high 
with a triple-glazed bay with sash windows opening out into a 
garden courtyard featuring a fishpond (used for air cooling). 

The property’s primary energy recordings was estimated at 
290kWh/m2/yr pre-retrofit stage, with post-retrofit measured 
at 183kWh/m2/yr. The project also predicted an annual CO2 
reduction at 60KG/CO2/m2/yr. 

In conclusion, the retrofitted property has shown its economical 
capabilities with dramatic savings on gas and energy usage — 
a result of the MVHR system, well-insulated building envelope 
and solar heating input. It has provided the occupants with 
good air quality and thermal comfort. Its technologies, from 
its green roof to its rainwater recycling, have proven that 
retrofitting an older building can work, when each element is 
analysed in depth and when a competent contractor is involved.

International Case Study
Project: Loom House
Location: Bainbridge Island, Washington, United States
Year: 2019
Architect: The Miller Hull Partnership
Floor Area: 297m2

Certifications: Living Building Challenge Certified

A reimagined and retrofitted1960s house located on a bluff 
overlooking Puget Sound, Loom House was originally designed 
by the late architect Harold “Hal” Molstad, who created other 
similar modern-style residences on the island.

Built in 1968, this extensive renovation of a classic northwest-
style home consists of an existing north and south home. The 
architects wanted to focus on enhancing the existing building 
envelope, incorporating renewables, and keeping the original 
architectural integrity of the build. A photovoltaic system is 
present on site, providing energy for the entire property, whilst 
a backup battery system safeguards reliability. Additionally, 
this build employs rainwater cisterns and grey water treatment 
systems for conservation and resilience — this required a 
change in city code. For furniture and finishes, non-toxic 
materials were chosen, in keeping with the clients’ sustainable 
ideologies, having spent their lives running an environmental 

justice organisation. There is rift-sawn oak for flooring, certified 
by the Forest Stewardship Council (FSC), cabinets in the 
kitchen featuring a mixture of white oak and walnut, concrete 
countertops, with the bathrooms featuring stone, concrete and 
ceramic tiles.

The surrounding environment was planted with a selection of 
imposing evergreen trees, ornamental plants such as Japanese 
maples, rhododendron, and azaleas as well as vegetables and 
a mycological (mushroom) foraging forest to contribute to the 
urban cultivation for the grounds.  

The retrofit achieved Living Building Challenge 4.0 certification 
through its net positive energy, food management and 
considerate building material choices — one of only four 
residences in the world and the first renovated home to do so. 
The project team’s goal was for the residence to serve as an 
exemplar role model for similar and aspiring projects. 

The Living Building Challenge was created by the Seattle-based 
International Living Future with the goal to lead transformation 
towards a future that is socially just, ecologically restorative, 
and culturally rich. The Living Building Challenge encompasses 
a philosophy, certification and advocacy tool for projects 
to move from “mediocre” sustainability through to a higher 
advanced performance. 

Figures 61, 62 and 63: From 
L-R (clock-wise), rear-garden, the 
building’s Victorian facade and 
existing building before retrofit. 
(Image sources: Granit Architects)

Figure 61

Figure 62

Figure 63

Figure 64: Loom House, located on Bainbridge Island, Washington, stays true to its northwest aesthetics with a retrofitted update.
(Source: Kevin Scott, Dezeen website)
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Figure 65: Some of the strategies used in Loom House: water collection, on-site water treatment, PV cells with a backup battery system and using 
sustainable construction materials. (Source: Miller Hull Architects)

For more information on the Living Building Challenge, 
please visit: https://living-future.org/lbc/basics4-0/

International Case Study 5.2.6 Stakeholder Role 
& Responsibilities
Shown here is a brief outline of the roles and responsibilities 
involved in retrofit, based on the analysis of successful leading 
organisations. Each role bears equal importance and relies on 
transparent communication, all contributing to the success in 
each stage of a retrofit project. 

Developer/Client
From the onset, coordinating stakeholders are encouraged to 
actively engage with all involved and predicted to be affected 
by the result. Before and after the professional installation, 
clients should be willing to understand the components and 
benefits of architectural reuse. This could potentially lead to 
uncovering valuable information that can facilitate developer 
and designer decisions, tailored to suit client needs from the 
beginning, to the end of a scheme.

Designer/Consultant
Main designers should undertake independent research 
while accommodating for the involvement of the right 
professional partnerships, alongside a variety of establishments, 
manufacturers and research bodies. An individual organisation 
must take the lead to manage, plan, set targets, and appoint 
various professionals to their specified expert areas, in order to 
help host an efficient scheme. 

Design input will be directly influenced by targets set based on 
collaborative research, widening the scope for the potential 
application of new/existing developed technologies, materials, 
and systems that are currently available in today’s local and 
international market. This role should also be about identifying 
strategies, evaluating costs, emission outputs and possible 
energy saving methods.

Conclusive data produced in the handover of the project will 
allow for an in-depth analysis to draw technical conclusions, 
which could then be formatted and clearly presented to 
promote architectural reuse through research for similar 
future projects.

Legislator/Government Official
Unconditional support from leading local representatives, 
community groups and councils massively assists in getting 
the important message across to the general public. The 
promotion of architectural reuse can be expanded through 
better incentives and cost subsidisation for retrofit schemes, 
encouraging people to engage themselves.

General Public
Property owners, neighbours and locals should become 
comfortably involved with retrofit, enabling other stakeholders 
to ‘get to know’ their target audience. They could question if 
they are in need of a new home or a possible upgrade of their 

current dwelling, comparing retrofit as a solution for saving 
costs in the long run.

Similar to clients, the general public should also have a 
willingness to learn the benefits of architectural reuse, in order 
to dampen the effects the existing built form has toward the 
increase of CO2 emission output.

5.3 RENEWABLES –  
ACTIVE SYSTEMS
5.3.1 Balancing Energy 
Demand – Net Zero
Approximately one-third of global final energy consumption 
(125 of 400 EJ annually) can be attributed to residential and 
service sector buildings (IEA, 2018; IEA/UN, 2018) where it is 
primarily used for space heating & cooling (40%) and domestic 
hot water production (20%). Given that most of the world’s 
energy is derived from fossil fuels, buildings are correspondingly 
responsible for ~38% of global CO2 emissions. Depressingly, 
emissions from buildings and the construction sector rose in 
2019, underlying the need to cut use of fossil fuels radically and 
rapidly in buildings to mitigate the climate crisis (Hamilton & 
Rapf, 2020).

Despite technical and market advances in renewable energy 
systems and legislative efforts around the world to decarbonise, 
we remain heavily reliant on fossil fuels to meet the heating, 
cooling and electricity needs of our buildings. Central to this 
seemingly intractable problem is the “Energy Trilemma” which 
describes three (often competing) priorities for energy systems:

•  Sustainability: Increasing evidence of a worsening climate 
crisis together with our growing awareness of degraded 
habitats and biodiversity loss has led to a global political 
consensus that fossil fuel use must be phased out in the next 
few decades.

•  Security and reliability: Energy supplies must be 
dependable so that the lives and livelihoods of building 
occupants are not disrupted by intermittent power failures 
or fuel supply shortages. The global market in fossil fuels 
has provided a reliable supply of energy (to those who can 
afford it) for many decades, interrupted only occasionally 
by wars, civil unrest, or other political problems. By contrast, 
renewable energy resources (e.g., wind and solar) are 
typically intermittent in nature and require energy storage 
infrastructure to maintain supply continuity and ensure that 
supply meets demand.    

•  Affordability: Energy supplies must be affordable to 
enable building occupants to undertake essential daily 
activities and maintain safe and comfortable environments. 
High fuel and electricity prices lead to energy poverty which 
retards economic development and leads to poor health 
outcomes (and even death) for occupants of buildings in 
climates where space heating or cooling is required. 

https://living-future.org/lbc/basics4-0/ 
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Space heating
Typically at low temperatures via warm airflows or heated floors at 
<40°C, or via radiant heaters with surface temperatures <80°C.

 
Water heating

Hot water for showering, bathing, hand washing, laundry, and other 
cleaning purposes. Often generated and stored at 60-80°C but 

delivered at 50°C to taps, 38°C showers, 28°C swimming pools.

Thermal

Electrical Mechanical

5.3 RENEWABLES –  
ACTIVE SYSTEMS 
(CONTINUED) 
Energy demands in buildings are determined by a combination 
of the occupiers electrical lighting, appliance and equipment 
loads; hot water usage; cooking activity; and the need to 
maintain a thermally comfortable environment. These energy 
uses can be broadly categorised according to [Fig. 66] as 
thermal, electrical, or mechanical. Water and space heating 
are low temperature thermal demands which can be supplied 
from a variety of different renewable heat sources such as 
solar thermal, geothermal, and heat pumps. Cooking requires 
high temperature heat which is typically supplied by direct fuel  
combustion or electricity. Cooling is a thermal demand, but 
chillers are typically driven by electricity rather than by heat 
(except in the case of sorption devices). Lighting, computers and 
audio-visual equipment are pure electrical demands, but many 
other items of electrical equipment have a primarily mechanical 
function (e.g., pumps, fans, lifts, workshop tools, etc.) 

Occupier electrical loads and domestic hot water demands 
depend upon user needs and occupancy density but tend to 
be proportional to floor area and hence are often quantified 
in terms of energy intensity (kWh/m2 of floor area). Typical 
energy intensities for different types of buildings in the UK 
are presented in [Fig. 67]. Water heating constitutes 10-20% 
of total energy demand in dwellings, hotels, hospitals, and 
schools but typically only 5% in most other building types. 
Historically, lighting has accounted for a significant proportion 
of demand, but widespread adoption of efficient LED lighting in 
the last two decades has more than halved consumption such 
that lighting now typically accounts for only 5-10% of total 
energy consumption in most buildings. High occupant densities 
require provision of mechanical ventilation and air-conditioning 
(including cooling) which accounts for 15-20% of total energy 
consumption in buildings such as theatres and highly serviced 
offices, but such loads are typically <5% of the total in most 
UK buildings, which are naturally ventilated. Energy for the 
“Other” loads on [Fig. 67] generally constitutes 10-20% of total 
demand and primarily relates to miscellaneous building services 
systems (e.g., pumps, lifts/escalators, alarm systems, etc.) and 
user appliances (e.g., computers, machines/tools, and portable 
equipment). Certain building types have disproportionate 

energy demands for specialist equipment, including restaurants 
(~80% used for cooking); food retail shops (~40% used for 
fridges and freezers); leisure centres (~40% used for showers 
and swimming pool heating); hospitals (~20% used for medical 
equipment); and Offices (~20% used for computers, servers and 
communications). 

The largest energy demand in most UK buildings is space 
heating, typically accounting for 30 to 60% of total 
consumption. Thermal demands for space heating (and also 
cooling) depend on local climatic conditions; building envelope 
thermal insulation; ventilation and air infiltration rates; solar heat 
gains (e.g., sun-facing windows and shading devices); and 
incidental heat gains (e.g., from occupants and equipment). 
Most heat losses and gains are proportional to building 
envelope area (i.e., the façades plus roof) but space heating 
and cooling demands are often quantified in terms of energy 
intensity (kWh/m2 of floor area) for consistency.

Factors affecting building energy intensities change over time. 
Increased efficiency of buildings and appliances in the last few 
decades (in response to climate concerns) has led to decreased 
energy intensities for space heating, cooling, lighting, water 
heating and cooking in many developed nations ( 0.7%/year 
for domestic space heating in Europe) but electrical appliance 
demands have steadily increased (1.5%/year, data from 
Enerdata, 2020). Continued improvements to living standards 
in developing nations typically result in energy intensities 
increasing towards those currently found in developed nations, 
which in combination with rapid urbanisation and population 
growth, is driving a global demand increase. Our continued 
reliance on fossil fuels adds evermore CO2 to the atmosphere 
which in turn accelerates global climate heating. Bearing 
in mind that space heating accounts for ~12% of global 
consumption it might be concluded that warming climates will 
drive down energy demand by reducing heating demands. 
However, this is very likely to be offset by more frequent 
occurrences of extreme weather events which will not only 
destroy infrastructure (e.g., storms, flooding and wildfires, etc.) 
but also dramatically increase cooling demands. Extreme 
weather events such as the “beast from the east” phenomenon 
experienced in the UK in recent winters could also increase 
heating demands in some cases (Clarke et al., 2018) suggest 
that a 2°C increase in global mean surface temperature will 
increase building energy expenditure in nearly all regions of the 
world (except Canada and Russia) and most severely affect the 
Global South.

User appliances, tools & equipments
Activities in many building types require use of audio-

visual and computing equipment. Other appliances tend 
to be associated with certain building use types (e.g., 

washing machines, dryers, etc., in dwellings; workshop 
tools and machinery in industrial buildings; medical 

equipment in hospitals, etc.)

Lighting
General space lighting (typically mounted on ceilings) 

and specific task lighting (such as lamps and spotlights). 

Ventilation & humidity control
Supply of fresh air and extract of stale air. 

Humidification and dehumidification as part of the 
thermal comfort control strategy.

Water pumping
Cold and hot water supply, sewerage and drainage 

services including mains water booster pumps, heating 
circulation pumps, and sump pumps.

Access and alarms
Indoor transportation systems such as lifts, escalators, 

and travellators. Systems providing security control 
(door locks, etc.) and alarms (e.g. fire). 

Space cooling
Removal of heat via chilled 
airflows or radiant cooling 
surfaces at around +15°C.

Refrigerators & freezers 
Refrigerators, freezers, ice-makers 

and cold rooms typically at 
between +10°C and -30°C 

for storage of foodstuffs 
and medicines.

Cooking & food  
preparation

Cooking appliances typically 
delivering heat 80-250°C for 
simmering, boiling, steaming, 
baking, frying & grilling food. 

Open flame scorching or smoking 
for added flavour. Mechanical 
appliances for mixing, cutting, 

pureeing, etc.  

Figure 66: Energy uses in buildings.
(Diagram by Dr Adrian Pugsley)
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Main source of data: UK Building Energy Efficiency Survey (BEES) 2014-15 Sector Tables and Overarching Report (BEIS, 2016). Additional 
data and cross-checking based on Chartered Institute of Building Services Engineering’s TM46 report on Energy Benchmarks (CIBSE, 2008) 
and the Better Buildings Partnership’s study report on Real Estate Environmental Benchmarks (BBP, 2018).

Supplementary data: Information for various building types taken from the “Good” standards established in the benchmarking surveys 
reported in Energy Consumption Guide (ECG) series of documents published by the UK Energy Efficiency Best Practice Programme and Action 
Energy (refer to references ECG19, 36, 54, 57, 72, 73, 78, 81 and 82 available from https://cibse.org/Knowledge/Knowledge-archive/
Energy-Efficiency-Best-Practice-Programme-Archive/EEBPP-Archive-Energy-Consumption-Guides).

House & Apartment: Data taken from Palmer & Cooper (2013) with adjustments applied based typical floor areas of UK homes (data from 
MHCLG, 2018) and typical differences between houses and flats (data from Zangheri et al., 2014).

Leisure centre: Swimming pool water heating energy is included as part of the “Water Heating” energy consumption. Pool water pumping 
and treatment is the main component of the “Other” energy consumption.

Hospital: “Other” energy consumption is mainly from medical equipment requiring electricity, compressed air, and/or process steam.

Office (fully serviced): Computer servers and communications equipment are the main demands for “Other” energy consumption.

Office (lightly serviced): Assumes building is predominantly naturally ventilated via openable windows and no air-conditioning.

School & University: Supplementary data from Output Specification document Technical Annex 2H: Energy (DfE, 2020).

Factory / Workshop: Data excludes energy consumed by industry-specific process plant and major machinery which can significantly 
add to total building loads in the case of heavy manufacturing industries. 

Figure 67: Energy intensities of different building types in the UK.

5.3 RENEWABLES – ACTIVE SYSTEMS 
(CONTINUED) 

5.3.2 Renewable Energy 
Sources and Technologies 
for On-Site Generation
Traditional reliance on fuel combustion for electricity generation 
and space heating contributes significantly to air pollution 
around the world and is particularly problematic in urban areas, 
especially during cold winters and hot summers. The current 
model of relying on electrification to decarbonise the thermal 
energy needs of the built environment, at the same time as also 
attempting to electrify transport, will require unprecedented 
infrastructure investments. New deployments of established 
renewable energy technologies such as hydropower and 
vast utility-scale grid-connected solar and wind farms will 
be required to replace existing fossil-fuelled generators and 
create additional generation capacity to satisfy the expanded 
electrical demand base. There may also be a role for increased 
marine energy resource utilisation or expanded nuclear 
power capacity, but the former requires further technology 
development, the latter has seemingly intractable waste 
disposal issues, and both options are currently more expensive 
than wind, solar and hydro. In addition to new generation 
capacity, substantial new enabling infrastructure such as utility-
scale energy storage and distribution system reinforcements 
/ upgrades will be required to enable the electricity grid to 
cope with amplified seasonal demand peaks. In cold climate 
countries traditionally reliant on fossil fuel combustion for space 
heating, a shift towards resistive electric heaters, combined 
with more frequent extreme climate events, is predicted to 
increase winter peak electricity demands by a factor of 5 or 
10. This demand increase can be lessened significantly by 
improving building envelope insulation and adopting more 
efficient electric heating technologies such as heat pumps, but a 
doubling or tripling of electricity demand during the winter peak 
remains likely even in best case scenarios. Summer demand 
peaks associated with cooling loads are also likely to increase 
in response to global warming.
 
The main alternative to electrification of heating (often 
championed by gas industry stakeholders) is to supply 
hydrogen and/or biomethane to buildings using existing 
natural gas supply infrastructure and modified gas boiler 
appliances. Such approaches are currently being trialled in the 
UK and elsewhere (HyDeploy, 2020) but have yet to be proven 
at scale and are fundamentally constrained by the current 
lack of infrastructure for biomethane and so-called “blue” or 
“green” hydrogen production. Biomethane production from 
wet biomass using anaerobic digestion is a well-established 
technology. Biomethane can also be produced from dry 
biomass using thermal gasification and Sabatier processing. 
Bot h approaches require input biomass feedstocks whose 
production at scale could have adverse impacts on agricultural 
land-use sustainability, causing increased food prices, and 
encouraging deforestation (Rosillo-Calle and Johnson, 2010). 
So-called “blue” hydrogen is produced from fossil fuels via 
two-stage steam reforming of methane or gasification of coal 
(or oil/tar) to produce a mixture of hydrogen and carbon-
dioxide, known as syngas. The sustainability and mass-scale 
feasibility of blue hydrogen production is highly questionable 

owing to inherent reliance on finite fossil fuel resources and 
immature Carbon Capture and Storage (CCS) technologies to 
prevent carbon-dioxide by-products from exacerbating global 
warming. Sustainable “green” hydrogen can be produced 
using renewable electricity (generated from wind, solar, hydro, 
or marine energy resources) to electrolyse water, producing 
only oxygen as a by-product (valuable for industrial and 
medical applications). Energy lost as heat during electrolysis 
inevitably means that green hydrogen delivered through 
the gas network is a much less efficient energy vector than 
electrical power delivered directly through the electricity grid. 
Despite the inherent issues associated with biomethane and 
hydrogen production, existing gas supply infrastructure is likely 
to remain active for the foreseeable future and polygeneration 
approaches such as CHP, CCHP and thermo-electric fuel cells 
remain important technologies to ensure that gas is to be used 
in the most efficient way possible.

The main alternatives to continued reliance on highly centralised 
traditional electricity and gas grids is to adopt decentralised 
approaches to decarbonise the built environment using 
local district heating and/or building-integrated renewable 
energy technologies. In contrast to utility scale approaches 
such as a switch to grid-fed electric heating systems or green 
hydrogen-fed gas networks, local district heating and building 
integrated renewables can be achieved through much smaller 
incremental investments than large utility scale solar and 
wind farms. Complementing such installations with building 
integrated energy storage not only maximises efficiency and 
self-consumption to improve cost-effectiveness, but also reduces 
peak grid stresses and enables utilisation of curtailed outputs of 
utility scale solar and wind generators, thus reducing the overall 
need for infrastructure investments.

5.3.3 Renewable 
Electricity
In 2020, renewable electricity grew to 7%, with wind and solar 
PV technologies attributing to this 60% increase (IEA, 2021). 
Electricity produced from renewable sources continues to be 
a sought after form of electricity generation. As technological 
advancements and innovation lowers costs and begins to 
deliver the promise of a green future, solar and wind generation 
are showing what can be done in light of using “dirty” fossil 
fuels. Renewable electricity can  offer the advantages of lower 
carbon emissions and steer clear of other kinds of pollution.

“Renewable power needs to expand significantly to meet 
the IEA Net Zero Scenario share of 60% by 2030” (IEA)

Solar PV (photovoltaic)
Solar power is the most abundant source of energy on the 
planet. With solar panel costs falling by 99% since 1977, the 
time is now to increase its productivity and ensure fossil fuel 
usage decreases even further. Solar energy is completely 
free and renewable  and offers a huge reduction in carbon 
emissions. An enormous amount of energy can be harnessed 
from solar energy: in just one hour, the planet collects more 
energy than it would consume in an entire year (approx. 
120 terawatts).
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Micro Wind
Wind power micro generation uses small wind turbines to 
harness wind energy to convert it into electricity. Consisting of 
large blades, which are aerodynamically designed to catch 
as much wind as possible as it passes over their surface, wind 
turbines act like an aeroplane propeller in reverse; the wind 
rotates the blades, which then turns a shaft connected to an 
electrical generator — the stronger the wind, the more electricity 
is produced. 

Fuel Cells
Unlike combustion engines and turbines which generate 
electricity via a rotating shaft, fuel cells convert chemical 
energy directly into electricity without the intermediate step 
of converting fuel into motive power. Despite the efficiency 
advantages gained from having fewer energy conversion steps, 
fuel cells (like combustion engines) produce heat as a by-
product There are many types of fuel cells, but they all consist 
of an anode, a cathode, and an electrolyte that allows ions 
to move between them. A catalyst and/or heat at the anode 
causes hydrogen atoms to become positively charged and 
releases free electrons. The charged hydrogen ions flow through 
the electrolyte and the electrons flow through an external 
circuit where they can produce useful work (e.g., direct current 
electricity) before eventually recombining in the presence of 
an oxidant (e.g., oxygen) at the cathode to form water (and 
other by-products such as CO2 in the case of hydrocarbon 
fuelled cells). The water is typically pushed out of the cell with 
an excess flow of oxygen (e.g., an air flow). Fuel cells are 
commonly classified by the type of electrolyte they use, the most 
common being:

•  Proton Exchange Membrane Fuel Cells (PEMFC) use 
an electrically insulating polymer membrane electrolyte 
(typically Nafion) that is impermeable to gases but 
able to conduct protons. At the interface between the 
electrode and the polymer membrane there is a porous 
layer supporting a catalyst (e.g., platinum supported on 
carbon paper). Hydrogen (or hydrocarbons) are fed to 
the anode and oxygen (or air) is fed to the cathode. This 
type of fuel cell has a rapid start-up time of around 1s and 
typically operates at low gas pressures with temperatures of 
between 50 and 90 °C to produce electricity at 40 to 55% 
efficiency (Hoeflinger & Hofmann, 2020). Platinum catalysts 
in PEMFCs are easily poisoned by carbon monoxide 
and membranes are sensitive to metal ions arising from 
corrosion of electrodes. Despite this, PEMFCs commonly 
have an operating life of ~60,000h, equivalent to between 
5 and 20 years depending upon pattern of usage. 
Other membrane types based on polybenzimidazole 
can reportedly operate at up to 220°C and are less 
susceptible to carbon monoxide poisoning. The efficiency 
of PEMFCs is impaired if electrodes are poorly hydrated but 
is also adversely affected by flooding with excess water, 
especially in low temperature and low-pressure devices 
where condensate accumulates (Ijaodola et al., 2019). The 

operation of a PEM electrolyser (which uses electricity to 
split water into oxygen and hydrogen) is almost exactly the 
opposite of a PEMFC.

•  Acid and Alkaline Fuel Cells (AFC) utilise acid or 
alkaline solutions or caustic proton-conductive solids as the 
electrolyte separating the electrodes. Alkaline chemistries 
typically use potassium or sodium hydroxide and operate in 
the temperature range 70-140°C. Acid chemistries typically 
operate at higher temperatures from 140–220 °C which 
readily enables heat removal in the form of steam. Waste 
heat utilisation can enhance efficiency from 30 to 40% 
(electricity only) to ~70 to 80% (electricity plus heating 
or sorption cooling). One disadvantage of AFCs is their 
caustic electrolytes which increase corrosion of metallic 
components and can reduce lifetimes. The most common 
type of acid AFC uses liquid phosphoric acid (H3PO4), but 
recent developments have begun to use solid acids such 
as caesium dihydrogen phosphate (CsH2PO4) and other 
disordered superprotonic structures (Kikuchi et al., 2016).

•  Molten Carbonate Fuel Cell (MCFC) typically use 
lithium potassium carbonate salt as an electrolyte. This salt 
liquefies at high temperatures to allow movement of charge 
within the cell. MCFCs involve transport of negatively 
charged carbonate ions from cathode to anode (rather than 
positively charged hydrogen ions from anode to cathode in 
the case of PEMFCs and AFCs). Operating temperatures are 
typically ~650°C which enables MCFCs to internally reform 
light hydrocarbons into hydrogen and carbon monoxide 
which allows them to be run on a variety of fuels including 
natural gas, propane, butane, and biogas. Carbon dioxide 
produced during the reforming process is fed to the cathode 
to enable regeneration of the carbonate electrolyte. MCFCs 
can reach a fuel-to-electricity efficiency of ~40% (Roy et 
al., 2020) and can be boosted to ~65% if heat from the 
fuel cell is used to drive a steam turbine or Stirling engine. 
Efficiencies of 80-90% are potentially possible in CHP/
CCHP configurations. Disadvantages of MCFCS include 
their slow start-up time of ~10mins and a limited cell lifespan 
owing to corrosion of electrodes.

•  Solid Oxide Fuel Cells (SOFC) utilise a solid nonporous 
metal oxide electrolyte and operate at very high 
temperatures 500 to 1000°C. Since there are no liquid 
components, they can be cast into a variety of different 
shapes, tubular forms being the most common. One 
commonly used electrolyte material is yttria-stabilised 
zirconia (ZrO2+Y2O3) although some new commercial 
products use cerium gadolinium oxide which enables 
lower operating temperatures. SOFCs follow a similar 
operating principle to MCFCs in that they involve transport 
of negatively charged ions (oxygen) from cathode 
to anode. In addition to the hydrocarbon reforming 
capabilities, high temperature operation also eliminates 
need for expensive and sensitive catalysts such as gold and 
platinum. Despite the aforementioned advantages of high 

temperature operation and its obvious benefits in CHP/
CCHP applications, there are also disadvantages such 
as excessive heat loss; fatigue caused by thermal stress in 
cyclic operation; potential for carbon coking build-up on 
anodes which can impair performance; and a slow start-up 
time (Beigzadeh et al., 2020) indicate that the electrical 
efficiency of a SOFC can vary from ~30% using low grade 
fuels such as syngas from gasified biomass up to ~60% 
using high purity methane natural gas. 

Fuel cells have no major moving parts and can therefore 
achieve very high rates of reliability without maintenance. They 
also offer almost silent operation and produce no pollution if 
fuelled by hydrogen. In theory, fuel cells operating with pure 
hydrogen and oxygen have a maximum possible electricity 
generating efficiency of 83% whereas the maximum possible 
for internal combustion engine generators is 58%.

Renewable Heat
Renewable heat technologies include solar heating, geothermal 
heating, biofuels, heat pumps and heat exchangers. The leading 
renewable heat technologies can be summarised below:

Solar Thermal
Solar heating uses the energy of summer/winter sunshine to 
provide an economical supply of primary or supplementary 
heat to a structure. Solar heat can be used for both space and 
water heating and can be divided into two groups:

•  Passive solar heating relies on the building’s design and 
structure to collect heat. The Passive solar building design 
must also consider the distribution and storage of heat, 
which may be accomplished passively, or by using air 
ducting to draw heat actively to the building’s foundation for 
storage.

•  Active solar heating uses pumps to move liquid or air from 
the solar collector into the building or into a storage area. 
Applications such as solar water heating and solar air 
heating generally capture solar heat in panels which can 
then be utilised for  applications such as space heating and 
used instead of residential water heaters. When compared 
to photovoltaic panels (used to generate electricity,) solar 
heating panels are less costly and can capture a much 
higher percentage of the sun’s power.

Geothermal
Geothermal energy is accessed by drilling water or steam 
wells in a similar process to drilling for oil. It is an enormous, 
underutilised heat and power resource that is clean — emitting 
little to no greenhouse gases— and is reliable and available 
everywhere; making people less dependent on oil.

Geothermal energy occurs when the earth naturally absorbs 
the sun’s energy and stores it as heat, either in the oceans or 
underground. Ground temperature remains constant all year 
round (6 to 38°C), depending on where you are in the world. 

Utilising a geothermal heating system employs this consistent 
temperature found below Earth’s surface and uses it to heat and 
cool buildings. 

Heat pumps
Heat pumps use work to move heat from one place to another. 
Although costly, heat pumps have proven economical to run 
and can be powered by renewable electricity. 
Heat pumps can be used for both heating and air conditioning.  

There are two common types of heat pump: ground-source heat 
pumps (GSHP) and air-source heat pumps (ASHP). Air source 
heat pumps are ineffective when the outside air temperature is 
lower than about -15 °C, while ground-source heat pumps are 
note affected at all. 

A heat pump’s efficiency can be measured by the Coefficient 
of Performance (CoP): e.g. for each unit of electricity used to 
pump the heat, an air source heat pump generates 2.5 to 3 
units of heat (i.e. it has a CoP of 2.5 to 3), compared to a GSHP 
which generates 3 to 3.5 units of heat. Current fuel prices for the 
UK, considering a CoP of 3–4, means a GSHP works out more 
energy-efficient and is sometimes a cheaper form of heating 
compared to oil, electric, and solid fuel heating. 

5.3.4 Polygeneration
Throughout history, polygeneration concepts have been used 
(in one form or another) to serve the energy needs of buildings 
and their occupants. A hearth fire in a Neolithic hut can be 
considered as a very basic fuel combustion polygeneration 
device given that it produces thermal energy, light, and induced 
ventilation airflows. Likewise, a south facing glazed window 
in a medieval European castle can be considered as a very 
basic solar polygeneration device providing daylighting and 
space heating. During the industrial revolution, polygeneration 
systems began to focus on coproduction of heat and motive 
power. Common in mill buildings, these systems typically 
consisted of a coal or wood fired combustion boiler feeding 
high-pressure steam to a piston engine and low-pressure steam 
(or hot condensate) to industrial heating or washing process 
equipment and/or space heating emitters. By the late 19th 
century, steam engines driving dynamos and synchronous 
generators eventually enabled polygeneration systems to 
co-produce electricity in addition to heat and motive power. 
Fuel-based polygeneration offers controllable and dispatchable 
building energy supplies and the opportunity to store fuel (in 
solid, liquid, or gaseous form) eliminates the need for large 
thermal or electrical energy storage components. These features 
have distinct advantages when compared to solar-based 
polygeneration, which inherently requires energy storage owing 
to solar resource intermittency. However, most fuel-based 
polygeneration systems produce exhaust gases and noise which 
create local environmental pollution; fuel supply scarcity and/
or insecurity can cause price fluctuations; and fuel storage 
inherently presents a degree of fire risk. The main types of 
polygeneration systems found in modern buildings are:
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5.3.4 Polygeneration 
(Continued)
•  Combined Heat and Power (CHP): Internal combustion 

engines (Otto or Diesel cycle) or gas turbines (Brayton 
cycle) used to generate motive power directly from a liquid 
or gaseous fossil fuel. The motive power is typically used to 
drive electricity generators which supply power to satisfy 
electrical energy demands within the building and/or to 
export power to the grid. Waste heat from the engines/
turbines is used to produce hot water or low-pressure steam 
to satisfy the building’s thermal energy demands such as 
space heating and domestic hot water production. Waste 
heat can also be used to generate additional motive power 
(and subsequent additional electricity generation) using 
a heat engine (Stirling cycle), although this is relatively 
uncommon owing to marginal techno-economics. Internal 

combustion engine CHP plants in buildings are often 

  operated in “topping cycle” mode whereby electricity 
production is the primary goal and heat output is of 
secondary value. Topping cycle CHP plants often operate 
on a seasonal basis (e.g., during winter) to maximise 
opportunity for utilising the heat output and minimise the 
need to dump waste heat (e.g., in summer). Operation of 
CHP plant during summer tends to be inefficient because 
heat rejection plant (e.g., dry-coolers or wet cooling towers) 
create parasitic electricity demands.

•  Combined Cooling, Heating, and Power (CCHP) 
plants couple steam or combustion engine CHP with 
refrigeration devices by either using steam to drive sorption 
refrigeration processes or using motive power to drive 
vapour compression chillers. Sorption cooling devices 
utilise heat outputs during summertime which reduces the 
need to operate heat rejection plant and enables year-
round topping cycle operation. The choice of CHP or CCHP 
system configurations is largely dependent on the energy 
demand profile of the building and the local economic 
context in respect of fuel and electricity prices. Economics 
of CHP and sorption CCHP polygeneration systems tend to 
favour scenarios with low combustion fuel prices and high 
electricity prices. Buildings with high heat demands (e.g., 
multi-family residences, hotels, care homes, hospitals, and 
swimming pools, etc) in cold climates are most suited to 
CHP, whereas buildings with high cooling demands (e.g., 
highly glazed offices, airport terminals, and conference/
performance venues), especially in climates featuring hot 
and sunny summers, are most suited to sorption CCHP.

•  Solar-based polygeneration systems on building roofs 
and facades use energy from the sun to produce electricity, 
heat, ventilation airflows, cooling, and daylight for use 
within buildings. The clean, silent, safe, low-maintenance, 
and fuel-free operation of solar-based polygeneration has 
clear advantages compared to fuel-based approaches. 
Solar-based polygeneration systems have minimal 
operating costs because, unlike fuel-based systems, the 

source of their energy is free and there are few moving 
parts requiring maintenance. However, their capital and 
installation costs and overall system complexity tends to 
be much higher than for fuel-Steam boiler polygeneration 
systems can be fuelled with sustainable biomass instead of 
coal to eliminate or minimise net CO2 emissions (carbon 
emissions released by combustion are absorbed by 
newly growing fuel crops). Internal combustion engine 
polygeneration systems can likewise be fuelled by liquid 
biofuels, biogas, green hydrogen, or gasified biomass. 
The principles of these systems are well established and 
documented (EPA, 2007; Beith, 2011; Büchner et al., 2019) 
and such systems have been commercially available for use 
in a variety of different building types for several decades. 
Opportunities for hybridising fuel-based and solar-based 
CHP/CCHP systems are increasingly being explored to 
enable fuel use to be minimised whenever solar energy is 
available (Jones & Posawatz, 2019). based approaches. 
Whilst the techno-economic benefits of electricity and 
heat supplied by solar polygeneration systems can be 
readily assessed and compared to fuel-based systems, the 
additional benefits of daylighting and induced ventilation 
airflows provided by multi-functional solar polygeneration 
building envelopes are somewhat more difficult to evaluate. 
Solar collectors are usually categorised as either producing 
photovoltaic electricity (PV) or solar thermal heat (ST) or 
combination of both (PV/T). When fitted to the building 
envelope as an additional “bolt-on” layer (as is commonly 
the case with domestic rooftop solar) these installations are 
sometimes referred to as Building Applied systems (BAPV, 
BAST and BAPV/T). To achieve high quality aesthetics and 
avoid duplication of building component functions (and 
hence minimise area costs) solar collectors are increasingly 
being used as part of the building envelope fabric, in 
which case they are described as Building Integrated solar 
collectors (BIPV, BIST and BIPV/T) or multi-functional 
building envelope elements. Heat generating solar 
collectors which use air as their heat transfer medium can 
be used to generate buoyancy induced airflows (A) to 
contribute towards building ventilation and free cooling. 
Transparent, semi-transparent, and translucent solar 
collectors can be used as windows or rooflights allowing 
daylight (D) into buildings to improve psycho-physiological 
environmental conditions for building occupants (Andersen, 
2015) as well as reducing electrical lighting energy 
consumption. High temperature solar collectors (typically 
incorporating concentrator or vacuum insulation elements) 
can be coupled to sorption cooling (C) devices to create 
solar CCHP systems.

•  Steam boiler polygeneration systems can be fuelled 
with sustainable biomass instead of coal to eliminate or 
minimise net CO2emissions (carbon emissions released 
by combustion are absorbed by newly growing fuel 
crops). Internal combustion engine polygeneration systems 
can likewise be fuelled by liquid biofuels, biogas, green 
hydrogen, or gasified biomass. The principles of these 
systems are well established and documented (EPA, 
2007; Beith, 2011; Büchner et al., 2019) and such systems 
have been commercially available for use in a variety of 

different building types for several decades. Opportunities 
for hybridising fuel-based and solar-based CHP/CCHP 
systems are increasingly being explored to enable fuel use 
to be minimised whenever solar energy is available (Jones 
& Posawatz, 2019).

Miniaturisation of gas turbine and Stirling engine technologies 
has enabled a new generation of “micro-CHP” systems which 
can replace conventional hot water boilers as the main heat 
source in a building. These devices typically operate in a 
“bottoming cycle” mode whereby the unit operates in response 
to a heat demand, with electricity being generated as a by-
product. Electrical outputs from a “bottoming cycle” system can 
be utilised to serve the immediate electrical loads within the 
building; to export power to the grid; or to generate extra heat 
via resistive electric heaters or heat pumps.

Energy Storage
Seasonal demand variations can be very significant in many 
climates and this can have a major influence on the operation 
and effectiveness of on-site renewable energy generation 
technologies. Whilst fuel-based heating and cooling systems 
have a readily controllable primary energy supply which 
remains stable and constant throughout the year (e.g., a mains 
gas supply or stockpiles of liquid or solid fuels), the energy 
supply in many renewable energy systems (e.g., solar, wind, 
and air-source heat pumps) is inherently variable owing to 
seasonal and diurnal (daily) variations in ambient temperatures, 
wind speeds, solar incidence angles, daylight hours, intermittent 
cloud cover, etc. Seasonal analysis (and indeed, diurnal 
analysis) of the energy supply and demand dynamic is therefore 
essential when considering building-integrated renewable 
energy systems. Such analyses will almost always identify 
periods of supply-demand mismatch which must be overcome, 
either by using auxiliary energy supplies (e.g., combustion fuels 
or mains grid electricity), or by incorporating energy storage 
into the energy system. Energy can be stored in many forms 
including:

• Sensible thermal (e.g., hot water tanks or thermal  
 mass concrete);
• Latent thermal (e.g., solid-liquid phase change materials  
 such as waxes or ice);
• Thermo-chemical (e.g., sorption material pairs or reversible  
 chemical reactions); 
• Electro-chemical (e.g., lead-acid, lithium ion, redox flow, or  
 other batteries; or via hydrogen electrolysers and fuel cells);
• Electro-mechanical (e.g., fly-wheel, compressed air, or  
 pumped hydroelectric).

Hot water tanks are amongst the simplest and least expensive 
forms of energy storage. These devices are commonly used 
for heat storage over diurnal timescales but low energy 
densities (58kWh/m3 for water with 50°C temperature 
rise) mean that they take up a lot of valuable space within a 
building and heat losses can be problematic when used as 
seasonal storage. Concrete structural building elements often 
present opportunities for synergistic sensible heat storage but 

achievable energy densities (12kWh/m3 for concrete with 
20°C temperature rise) are generally much lower than for hot 
water tanks. Latent thermal stores have higher energy densities 
(40-150 kWh/m3 reported by Guelpa & Verda, 2019) but 
are correspondingly more expensive and some phase change 
materials (e.g., waxes) pose potential fire risks. Thermochemical 
storage systems can in principle achieve high energy densities 
(60-130 kWh/m3 reported by Guelpa & Verda, 2019) but 
system complexity and high costs are currently barriers to their 
commercial deployment. There is considerable future potential 
for integrating sorption-based thermo-chemical storage systems 
with sorption cooling equipment in CCHP polygeneration 
systems, but such systems remain at a relatively low level of 
technology readiness. Ice-stores and other coolth storage 
systems can significantly improve the efficiency of both sorption 
and vapour compression cooling systems. (Jones & Posawatz, 
2019).

Electrical batteries are increasingly being used for energy 
storage in buildings for a variety of reasons including ensuring 
power stability, providing emergency back-up, and maximising 
solar self-consumption. Traditional lead-acid batteries offer 
energy storage densities of ~150 kWh/m3 whereas the latest 
Lithium-Ion chemistries offer ~700 kWh/m3. Fire risks posed 
by some battery chemistries have led to most commercially 
available domestic storage systems now utilising the low-risk 
Lithium Iron Phosphate (LiFePO4 also known as LFP) batteries 
which have a long cycle life but relatively low energy density 
(~250 kWh/m3). Redox flow batteries and saltwater based 
devices using vanadium chemistries have a very low fire risk 
and are increasingly becoming cost competitive solutions 
for buildings but offer much lower energy densities (~25 
kWh/m3). Hydrogen energy storage systems, which use 
electrolysers to split water (2H2O) into storable Hydrogen 
(H2) and Oxygen (2O2) gaseous components, then fuel 
cells to generate electricity by recombining the gases, can 
achieve energy storage densities in the range 50-400 kWh/
m3. Achievable energy densities depend on gas storage 
pressure and efficiencies of electrolyser, fuel cell and gas 
compressors. Electrolysers, fuel cell and hydrogen storage 
equipment are currently expensive relatively to other energy 
storage technologies, and compressed hydrogen inherently 
poses a degree of safety risk, but such systems are nonetheless 
approaching commercial maturity. 

Mechanical methods of energy storage are rarely used in 
buildings. Flywheels offering energy densities of ~1500 kWh/
m3 are sometimes used for short term storage maintaining 
power quality in factory environments where intermittent high 
loads occur, but such systems are unsuitable for long-duration 
storage owing to frictional losses. Small compressed-air energy 
storage systems (60 kWh/m3 at 350 bar) could in principle 
be deployed in buildings but very few examples currently exist. 
Likewise, building-scale pumped hydroelectric systems are 
rarely deployed in buildings, mainly because the achievable 
energy densities are very low (0.05 kWh/m3 for a roof 
mounted tank located 20 m above a basement tank).
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Energy Storage (Continued)
There are several possible roles for energy storage in buildings 
depending upon the type of renewable energy sources 
being utilised; the type of energy storage function (thermal or 
electrical); and the degree of diurnal and seasonal variation in 
energy supply and demand:

•  Diurnal storage to overcome supply-demand 
mismatch. For example, a home fitted with a solar PV/T 
system would generate heat and electricity from the sun 
during daytime (whilst occupants are at work, away from 
the home) but would not produce any energy during 
hours of darkness. Thermal and electrical energy storage 
is therefore essential to maximise solar fraction and self-
consumption.

•  Diurnal storage to overcome thermo-electrical 
demand mismatch. For example, an office in the UK 
during winter may exhibit a peak heat demand in the 
early morning (to preheat the building before occupants 
arrive) but the peak electricity demand would occur during 
late afternoon (when additional lighting is required). The 
resulting diurnal demand mismatch could be resolved by 
storing surplus early morning electricity in a battery and/or 
by storing early evening “waste” heat.

•  Seasonal storage to overcome supply-demand 
mismatch. For example, a building fitted with a solar PV/T 
system would generate most of its energy in sunny summer 
months (when demands for heating and lighting are lowest) 
but would have limited generating capacity during cloudy 
winter months (when demands for heating and lighting 
are highest. Thermal and electrical energy storage would 
therefore be essential to maximise solar fraction and self-
consumption of the solar yield.

•  Seasonal storage to overcome thermo-electrical 
demand mismatch. For example, most commercial 
buildings have a peak heat demand in winter and a 
peak electrical demand in summer for cooling. Seasonal 
thermal storage could be charged with waste heat during 
summertime and discharged during winter to provide 
supplementary heating (e.g., via heat pumps).

Whilst energy storage elements in buildings are primarily 
be intended to resolve diurnal and seasonal mismatches in 
thermal and electrical demands and supplies, they can also 
add value in respect of demand response functionality. Most 
existing electricity grid networks were developed for centralised 
fossil-fuelled power generation and are ill-equipped to cope 
with new low-carbon energy approaches and technologies. 
Intermittent renewable energy sources such as wind and solar 
make it difficult for transmission and distribution grid operators 
to balance supply and demand. New winter peak demands 
associated with electrification of space heating in cool and 
cold climate locations (such as the UK, where buildings have 
traditionally been heated via direct fossil-fuel combustion) 
create significant electricity grid stresses. Increases in demand 
for air-conditioning in warm and hot climates (particularly those 
most affected by global warming) create summertime peak 
demand stresses. Electrification of transport will also potentially 
create new diurnal peak demand grid stresses. Buildings with 
energy storage can offer demand response services to support 
grid operators (Kats and Seal, 2012; Agbonaye et al., 2020) 
by charging batteries and thermal stores using grid electricity 
during off-peak times (e.g., on windy winter nights or sunny 
summer days) and exporting electricity during times of peak 
grid demand or insufficient renewable resources. Whilst such 
approaches are not typically incentivised by current electricity 
tariff structures, it is likely that electricity markets will begin to 
develop such opportunities in the near future to encourage end-
use customer participation in demand-response. Whilst grid-tied 
batteries currently remain prohibitively expensive in most cases, 
new opportunities for demand-response via intelligent load-
scheduling controls and real-time electricity tariffs will improve 
cost-effectiveness of batteries immensely.

Chapter 5 Summary
Embodied emissions (EG) are the emissions associated 
with materials, including extraction of raw materials, 
transport, installation, processing, and disposal at 

end of life. NB: There is no universally agreed definition for 
embodied emissions/carbon. ‘Embodied emissions’ as defined 
by The Research Centre on Zero Emission Buildings:  “The term 
(embodied) does not refer to the carbon that is stored in the 
building material itself but rather to the emissions of greenhouse 
gases released into the atmosphere during the production of 
the materials.” This is a generalised version of the term that 
does not consider the Whole Life-Cycle Carbon (WLC) of the 
material, or from ‘cradle to grave ‘including benefits and loads 
beyond the system boundary.”

Why do Embodied  
Emissions Matter?

In the UK, the built environment accounts for 49% of GHG 
emissions, of which approximately 80% is associated with 
operational building emissions, with embodied emissions 
accounting for 20%. However, embodied emissions are 
beginning to represent a higher proportion of the building’s 
lifetime emissions as buildings become more energy-efficient, 
through using good passive design strategies, implementing 
efficient systems and the phased decarbonisation of the grid. 
LETI has estimated that in new efficient ‘low carbon’ buildings 
the embodied emissions can account for anywhere between 
40-70% of the whole life cycle emissions.

What is an EPD ?
An Environmental Product Declaration (EPD) is a 

globally recognised document that presents transparent, 
verified, and comparable information about the life cycle and 
environmental impact of products and services. Each EPD is 
broken down into the aforementioned life cycle stages laid 
out in EN15978 (2011) (p76) and provides general product 
information, calculation rules - that includes the declared unit 
of measurement (m3/m2), scenarios and additional technical 
information - such as (A4) transport to site or (D) Reuse, 
recovery and/or recycling potentials scenario information, 
a results section – which outlines the product/material’s 
environmental impact (including global warming potential)  
and resource use, waste, etc.

Challenges
Most research to date around reducing the overall 
emissions of the built environment has focused on 

reducing operational carbon emissions, subsequently, research 
and development around embodied emission calculations has 
lagged behind. There is no universally agreed definition or 
methodology for calculating EG; results can vary from material 
to material, and from country to country — in Norway, and 
most of Europe, timber sequestration is accounted for as a 
negative value at A1, whereas in the UK there is some debate 
about the use of carbon offsets. 

EPDs do, however, provide transparent results that can be 
reviewed and used to measure site specific emissions, such as 
transport to site.

Focus must now be put on improving industry knowledge 
and creating internationally recognised methodologies for 
measuring specific products. The challenge then is to reduce 
emissions from building materials with the largest EG - typically 
the superstructure.

Other challenges include:
•  Lack of information and transparency on materials  

in products
•  Lack of industry understanding (for calculating EG)
•  Lack of consistency of methodology for calculating 

embodied carbon
• Lack of available data from case studies
• Lack of funding - be that from the client/developer 
 or in Research & Development
• Lack of local guidance
•  Some high performance materials, i.e. EPS (Expanded 

polystyrene) insulation have high EG

Best Practice
LETI has outlined 6 key ‘rules of thumb’ for reducing embodied 
emissions:

1. Build less - refurb & reuse
2. Build light - consider the building structure
3. Build wise - longevity & local context
4. Build low carbon - review material specifications
5. Build for the future - assess end of life & adaptability
6. Build collaboratively - involve the whole team

Architectural Reuse
Architectural reuse is not a newly recent modern practice. 
For hundreds of years, due to ease and availability, existing 
buildings have been continually repurposed and granted a 
new lease of life to suit the needs of an area’s required use. The 
importance of retrofitting has taken an entirely new focus in 
our current timeline due to the pressures of climate change and 
the United Kingdom’s efforts to reach net zero by 2050. With 
current building stock contributing 49% to overall emissions, the 
strategies of retrofitting harken back to past sensibilities where 
the “waste note, want not” mentality was the norm.

“Existing buildings in some countries are expected to account 
for up to 80% of the stock in 2030; retrofits have an especially 
important part to play in improving energy efficiency.” (IEA)  
Retrofits can provide huge benefits, through health and 
wellbeing e.g., preventing health risks from mould and damp, 
balance out energy costs and reduce the risk of fuel poverty. 

!

!

!

!
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Chapter 5 Summary (Continued)
Retrofitting demonstrates the idealistic approach to 
economically conserve and ultimately improve declining 
infrastructure such as buildings not fit for modern standard 
or those subject to degradation. Retrofitting averts any 
environmentally harmful Greenhouse Gas (GHG) emissions 
produced in the demolition of perfectly usable structures,  
whilst maintaining an area’s vernacular and character. All 
buildings hold a future through retrofit as their life cycle is  
being extended.

Within retrofitting as a whole, there are two varied subtypes: 
the first being ‘low impact’ and the latter being ‘high impact’ 
— this refers to the amount of noticeable change made 
from retrofitting to an existing building’s design. As with any 
improvements to any construction, there are key concerns to 
consider — these will be discussed further in ‘Chapter 5.2.3’. 

In most cases ‘Low impact, deep retrofit’ is most commonly 
applied to buildings with strict budgets aiming to reduce 
energy use and loss. Additionally, as low impact deep retrofit is 
‘non-invasive and non-destructive’, it is also frequently applied 
to ‘listed’ buildings of architectural or historical interest that are 
conserved for future generations. Retaining or recreating the 
original fabric of a building while conforming to modern day 
standards is possible through low impact deep retrofit. 

How to Determine a Building  
in Need of Retrofit
By using three senses - Sight, Touch, Smell. 

Factors to address when considering a retrofit:
 •  Air Quality/Water ingress – Is there condensation, mould/

damp conditions?
•  Thermal Comfort/Outdated Systems – Is there an old 

heating source, low-quality materials, deterioration, 
hazardous materials used, high U-value windows?

• Ageing – Cracks, Erosion/Corrosion, Damage/Vandalism
• Other – Infestation, Sick Building Syndrome

Environmental Importance
Often, the demolition of an existing building for the 
replacement of a new one not only requires a significant 
amount of extra financial cost, but has a significant amount 
of extra CO2 emission output, inserting a negative impact on 
the environment. Energy consumption in the built environment 
accounts for 40% of total energy consumption — this is mostly 
due to the fact a significant proportion of buildings were 
constructed when there were no asserted energy efficiency 
guidelines/codes within building regulations.

The most effective way to reduce energy demand and 
emissions in existing buildings is to make improvements to 
the building envelope, i.e. adding insulation and improving 
glazing. 15% of the UK’s total emissions come from heating 
homes alone.

Heat loss through the building Envelope (Average home)
Floor (Ground) – 10%
Walls – 35%
Doors – 10%
Windows – 20%
Roof – 25%

Balancing Energy Demand – Net Zero 
Approximately one-third of global final energy consumption 
(125 of 400 EJ annually) can be attributed to residential 
and service sector buildings (IEA, 2018; IEA/UN, 2018) 
where it is primarily used for space heating & cooling (40%) 
and domestic hot water production (20%). Given that most 
of the world’s energy is derived from fossil fuels, buildings 
are correspondingly responsible for ~38% of global CO2 
emissions. Depressingly, emissions from buildings and the 
construction sector rose in 2019, underlying the need to cut use 
of fossil fuels radically and rapidly in buildings to mitigate the 
climate crisis (Hamilton & Rapf, 2020).

Despite technical and market advances in renewable 
energy systems and legislative efforts around the world to 
decarbonise, we remain heavily reliant on fossil fuels to meet 
the heating, cooling and electricity needs of our buildings. 
Central to this seemingly intractable problem is the “Energy 
Trilemma” which describes three (often competing) priorities for 
energy systems:

•  Sustainability: Increasing evidence of a worsening climate 
crisis together with our growing awareness of degraded 
habitats and biodiversity loss has led to a global political 
consensus that fossil fuel use must be phased out in the next 
few decades.

•  Security and reliability: Energy supplies must be 
dependable so that the lives and livelihoods of building 
occupants are not disrupted by intermittent power failures 
or fuel supply shortages. The global market in fossil fuels 
has provided a reliable supply of energy (to those who can 
afford it) for many decades, interrupted only occasionally 
by wars, civil unrest, or other political problems. By 
contrast, renewable energy resources (e.g., wind and 
solar) are typically intermittent in nature and require energy 
storage infrastructure to maintain supply continuity and 
ensure that supply meets demand.    

•  Affordability: Energy supplies must be affordable to 
enable building occupants to undertake essential daily 
activities and maintain safe and comfortable environments. 
High fuel and electricity prices lead to energy poverty 
which retards economic development and leads to poor 
health outcomes (and even death) for occupants of 
buildings in climates where space heating or cooling  
is required.

The largest energy demand in most UK buildings is space 
heating, typically accounting for 30 to 60% of total 
consumption. Thermal demands for space heating (and 
also cooling) depend on local climatic conditions; building 
envelope thermal insulation; ventilation and air infiltration 
rates; solar heat gains (e.g., sun-facing windows and shading 
devices); and incidental heat gains (e.g., from occupants and 
equipment). Most heat losses and gains are proportional to 
building envelope area (i.e., the façades plus roof) but space 
heating and cooling demands are often quantified in terms of 
energy intensity (kWh/m2 of floor area) for consistency.

Renewable Energy Sources and 
Technologies for On-site Generation
Traditional reliance on fuel combustion for electricity 
generation and space heating contributes significantly to air 
pollution around the world and is particularly problematic in
urban areas, especially during cold winters and hot summers. 
The current model of relying on electrification to decarbonise 
the thermal energy needs of the built environment, at the
same time as also attempting to electrify transport, will require 
unprecedented infrastructure investments. New deployments 
of established renewable energy technologies such as 
hydropower and vast utility-scale grid-connected solar and 
wind farms will be required to replace existing fossil-fuelled 
generators and create additional generation capacity to
satisfy the expanded electrical demand base.

There may also be a role for increased marine energy resource 
utilisation or expanded nuclear power capacity, but the 
former requires further technology development, the latter 
has seemingly intractable waste disposal issues, and both 
options are currently more expensive than wind, solar and 
hydro. In addition to new generation capacity, substantial new 
enabling infrastructure such as utility-scale energy storage and 
distribution system reinforcements/upgrades will be required 
to enable the electricity grid to cope with amplified seasonal 
demand peaks. In cold climate countries traditionally reliant on 
fossil fuel combustion for space heating, a shift towards resistive 
electric heaters, combined with more frequent extreme climate 
events, is predicted to increase winter peak electricity
demands by a factor of 5 or 10. This demand increase can 
be lessened significantly by improving building envelope 
insulation and adopting more efficient electric heating 
technologies such as heat pumps, but a doubling or tripling of 
electricity demand during the winter peak remains likely even 

in best case scenarios. Summer demand peaks associated
with cooling loads are also likely to increase in response to 
global warming.

Renewable Electricity
In 2020, renewable electricity grew to 7%, with wind 
and solar PV technologies attributing to this 60% increase 
(IEA, 2021). Electricity produced from renewable sources 
continues to be a sought after form of electricity generation. 
As technological advancements and innovation lowers costs 
and begins to deliver the promise of a green future, solar 
and wind generation are showing what can be done in light 
of using “dirty” fossil fuels. Renewable electricity can offer 
the advantages of lower carbon emissions and steer clear of 
other kinds of pollution. “Renewable power needs to expand 
significantly to meet the IEA Net Zero Scenario share of 60% 
by 2030” (IEA) 

Solar PV (photovoltaic) 
Solar power is the most abundant source of energy on the 
planet. With solar panel costs falling by 99% since 1977, the 
time is now to increase its productivity and ensure fossil fuel 
usage decreases even further. Solar energy is completely 
free and renewable and offers a huge reduction in carbon 
emissions. An enormous amount of energy can be harnessed 
from solar energy: in just one hour, the planet collects more 
energy than it would consume in an entire year (approx. 120 
terawatts).

Micro Wind
Wind power micro generation uses small wind turbines to 
harness wind energy to convert it into electricity. Consisting of 
large blades, which are aerodynamically designed to catch as
much wind as possible as it passes over their surface, wind 
turbines act like an aeroplane propeller in reverse; the wind 
rotates the blades, which then turns a shaft connected to an
electrical generator — the stronger the wind, the more 
electricity is produced.

Fuel cells
Unlike combustion engines and turbines which generate 
electricity via a rotating shaft, fuel cells convert chemical 
energy directly into electricity without the intermediate step of
converting fuel into motive power. Despite the efficiency 
advantages gained from having fewer energy conversion 
steps, fuel cells (like combustion engines) produce heat as 
a byproduct There are many types of fuel cells, but they all 
consist of an anode, a cathode, and an electrolyte that allows 
ions to move between them. A catalyst and/or heat at the
anode causes hydrogen atoms to become positively charged 
and releases free electrons. The charged hydrogen ions flow 
through the electrolyte and the electrons flow through an
external circuit where they can produce useful work (e.g., 
direct current electricity) before eventually recombining in the 
presence of an oxidant (e.g., oxygen) at the cathode to form
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water (and other by-products such as CO2 in the case of 
hydrocarbon fuelled cells). The water is typically pushed out of 
the cell with an excess flow of oxygen (e.g., an air flow). Fuel
cells are commonly classified by the type of electrolyte they 
use, the most common being:

•   Proton Exchange Membrane Fuel Cells (PEMFC) use 
an electrically insulating polymer membrane electrolyte 
(typically Nafion) that is impermeable to gases but 
able to conduct protons. At the interface between the 
electrode and the polymer membrane there is a porous 
layer supporting a catalyst (e.g., platinum supported on 
carbon paper). Hydrogen (or hydrocarbons) are fed to 
the anode and oxygen (or air) is fed to the cathode. This 
type of fuel cell has a rapid start-up time of around 1s and 
typically operates at low gas pressures with temperatures 
of between 50 and 90  C to produce electricity at 40 to 
55% efficiency (Hoeflinger & Hofmann, 2020).

•  Acid and Alkaline Fuel Cells (AFC) utilise acid or alkaline 
solutions or caustic protonconductive solids as the 
electrolyte separating the electrodes. Alkaline chemistries 
typically use potassium or sodium hydroxide and operate in 
the temperature range 70-140 C. Acid chemistries typically 
operate at higher temperatures from 140–220  C which 
readily enables heat removal in the form of steam. Waste 
heat utilisation can enhance efficiency from 30 to 40% 
(electricity only) to ~70 to 80% (electricity plus heating 
or sorption cooling). One disadvantage of AFCs is their 
caustic electrolytes which increase corrosion of metallic 
components and can reduce lifetimes.

•  Molten Carbonate Fuel Cell (MCFC) typically use lithium 
potassium carbonate salt as an electrolyte. This salt liquefies 
at high temperatures to allow movement of charge within 
the cell. MCFCs involve transport of negatively charged 
carbonate ions from cathode to anode (rather than 
positively charged hydrogen ions from anode to cathode 
in the case of PEMFCs and AFCs). Operating temperatures 
are typically ~650 C which enables MCFCs to internally 
reform light hydrocarbons into hydrogen and carbon 
monoxide which allows them to be run on a variety of 
fuels including natural gas, propane, butane, and biogas. 
Carbon dioxide produced during the reforming process is 
fed to the cathode to enable regeneration of the carbonate 
electrolyte. MCFCs can reach a fuel-to-electricity efficiency 
of ~40% (Roy et al., 2020) and can be boosted to ~65% 
if heat from the fuel cell is used to drive a steam turbine or 
Stirling engine.

• Solid Oxide Fuel Cells (SOFC) utilise a solid nonporous  
  metal oxide electrolyte and operate at very high 

temperatures 500 to 1000 C. Since there are no liquid 
components, they can be cast into a variety of different 
shapes, tubular forms being the most common. One 
commonly used electrolyte material is yttria-stabilised 
zirconia (ZrO2+Y2O3) although some new commercial 
products use cerium gadolinium oxide which enables 
lower operating temperatures. SOFCs follow a similar 
operating principle to MCFCs in that they involve transport 
of negatively charged ions (oxygen) from cathode 
to anode. In addition to the hydrocarbon reforming 
capabilities, high temperature operation also eliminates 
need for expensive and sensitive catalysts such as gold and 
platinum. Despite the aforementioned advantages of high 
temperature operation and its obvious benefits in CHP/
CCHP applications, there are also disadvantages such 
as excessive heat loss; fatigue caused by thermal stress in 
cyclic operation; potential for carbon coking build-up on 
anodes which can impair performance; and a slow start-up 
time (Beigzadeh et al., 2020) indicate that the electrical 
efficiency of a SOFC can vary from ~30% using low grade 
fuels such as syngas from gasified biomass up to ~60% 
using high purity methane natural gas.

Renewable Heat
Renewable heat technologies include solar heating, 
geothermal heating, biofuels, heat pumps and heat 
exchangers. The leading renewable heat technologies can be 
summarised below:

Solar Thermal
Solar heating uses the energy of summer/winter sunshine to 
provide an economical supply of primary or supplementary 
heat to a structure. Solar heat can be used for both space and
water heating and can be divided into two groups:

- Passive solar heating relies on the building’s design and 
structure to collect heat. The Passive solar building design must 
also consider the distribution and storage of heat, which may 
be accomplished passively, or by using air ducting to draw 
heat actively to the building’s foundation for storage.

- Active solar heating uses pumps to move liquid or air from 
the solar collector into the building or into a storage area. 
Applications such as solar water heating and solar air
heating generally capture solar heat in panels which can then 

be utilised for applications such as space heating and used 
instead of residential water heaters. When compared to
photovoltaic panels (used to generate electricity,) solar 
heating panels are less costly and can capture a much higher 
percentage of the sun’s power.

Geothermal
Geothermal energy is accessed by drilling water or steam 
wells in a similar process to drilling for oil. It is an enormous, 
underutilised heat and power resource that is clean —
emitting little to no greenhouse gases— and is reliable and 
available everywhere; making people less dependent on oil.
Geothermal energy occurs when the earth naturally absorbs 
the sun’s energy and stores it as heat, either in the oceans or 
underground. Ground temperature remains constant all
year round (6 to 38 C), depending on where you are in the 
world. Utilising a geothermal heating system employs this 
consistent temperature found below Earth’s surface and uses
it to heat and cool buildings.

Heat Pumps
Heat pumps use work to move heat from one place to another. 
Although costly, heat pumps have proven economical to run 
and can be powered by renewable electricity. Heat pumps 
can be used for both heating and air conditioning. There are 
two common types of heat pump: ground-source heat pumps 
(GSHP) and airsource heat pumps (ASHP). Air source heat 
pumps are ineffective when the outside air temperature is 
lower than about -15  C, while ground-source heat pumps 
are note affected at all. A heat pump’s efficiency can be 
measured by the Coefficient of Performance (CoP): e.g. for 
each unit of electricity used to pump the heat, an air source 
heat pump generates 2.5 to 3 units of heat (i.e. it has a CoP 
of 2.5 to 3), compared to a GSHP which generates 3 to 3.5 
units of heat. Current fuel prices for the UK, considering a CoP 
of 3–4, means a GSHP works out more energy-efficient and is 
sometimes a cheaper form of heating compared to oil, electric, 
and solid fuel heating.

Polygeneration
Throughout history, polygeneration concepts have been used 
(in one form or another) to serve the energy needs of buildings 
and their occupants. A hearth fire in a Neolithic hut can be 
considered as a very basic fuel combustion polygeneration
device given that it produces thermal energy, light, and 
induced ventilation airflows. Likewise, a south facing glazed 
window in a medieval European castle can be considered 
as a very basic solar polygeneration device providing 
daylighting and space heating. During the industrial revolution, 
polygeneration systems began to focus on coproduction of 
heat and motive power. Common in mill buildings, these
systems typically consisted of a coal or wood fired combustion 
boiler feeding highpressure steam to a piston engine and 

low-pressure steam (or hot condensate) to industrial heating or 
washing process equipment and/or space heating emitters. By
the late 19th century, steam engines driving dynamos and 
synchronous generators eventually enabled polygeneration 
systems to co-produce electricity in addition to heat and motive 
power. Fuel-based polygeneration offers controllable and
dispatchable building energy supplies and the opportunity to 
store fuel (in solid, liquid, or gaseous form) eliminates the need 
for large thermal or electrical energy storage components. 
These features have distinct advantages when compared to
solar-based polygeneration, which inherently requires energy 
storage owing to solar resource intermittency. However, most 
fuel-based polygeneration systems produce exhaust gases and 
noise which create local environmental pollution; fuel supply 
scarcity and/or insecurity can cause price fluctuations; and 
fuel storage inherently presents a degree of fire risk. The main 
types of polygeneration systems found in modern buildings are:

• Combined Heat and Power (CHP)
• Combined Cooling, Heating, and Power (CCHP)
• Solar-based polygeneration systems

Seasonal demand variations can be very significant in many 
climates and this can have a major influence on the operation 
and effectiveness of on-site renewable energy generation
technologies. Whilst fuel-based heating and cooling systems 
have a readily controllable primary energy supply which 
remains stable and constant throughout the year (e.g., a mains
gas supply or stockpiles of liquid or solid fuels), the energy 
supply in many renewable energy systems (e.g., solar, wind, 
and air-source heat pumps) is inherently variable owing to
seasonal and diurnal (daily) variations in ambient 
temperatures, wind speeds, solar incidence angles, daylight 
hours, intermittent cloud cover, etc. Seasonal analysis (and 
indeed, diurnal analysis) of the energy supply and demand 
dynamic is therefore essential when considering building-
integrated renewable energy systems. Such analyses will 
almost always identify periods of supply-demand mismatch 
which must be overcome, either by using auxiliary energy 
supplies (e.g., combustion fuels or mains grid electricity), or by 
incorporating energy storage into the energy system. Energy 
can be stored in many forms including:

•   Sensible thermal (e.g., hot water tanks or thermal mass  
 concrete);

•    Latent thermal (e.g., solid-liquid phase change materials  
 such as waxes or ice);

•   T hermo-chemical (e.g., sorption material pairs or reversible
 chemical reactions);
•    Electro-chemical (e.g., lead-acid, lithium ion, redox flow, or 

other batteries; or viahydrogen electrolysers and fuel cells);
•  Electro-mechanical (e.g., fly-wheel, compressed air, or 
 pumped hydroelectric).

Chapter 5 Summary (Continued)
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CHAPTER 6 
SUSTAINABLE 
PRACTICES —

FUTURE CLIMATE 
RESILIENCE

FUTURE CLIMATE 
RESILIENCE – WHAT DOES 
IT MEAN FOR THE FUTURE 
OF BELFAST?
Following on from the last few chapters: Lessons Learned  
from Norway, Reducing Material Emissions, Architectural  
Reuse and Renewables – Active Systems, you will now 
understand the significance of adopting these practices  
within your organization and how urgent action is needed  
to reverse and mitigate climate change.

Throughout the years, sustainability has meant many  
different things, adapting to fit the needs of its users and 
supporters, resulting in the term we now recognize today.  
In simple terms, sustainability is the balance between  
economic development, environmentalism, and social equity. 
The UN World Commission on Environment and Development 
famously defines sustainability as a “development that meets  
the needs of the present without compromising the ability of 
future generations to meet their own needs” (Brundtland, 1987). 

Sustainable practices mean supporting communities and  
people to balance their social and economic resources,  
along with their health and vitality. To think sustainably,  
you must think linearly; to plan proactively for the future.  
For sustainability to work, resources must be considered  
finite – with strategies in place for the generations still to  
come. Sustainable implementation from inception means 
thinking wisely of long-term goals and priorities, with the  
aim to manage these should risks arise. 

The History of Sustainability
While the concept of sustainability is a relatively new term,  
the movement has been around for years, stemming from social 
justice, conservationism, internationalism, and other movements 
with varied backgrounds. By the end of the twentieth century, 
many of these concepts would come together under one 
umbrella term - “sustainable development”.

The earliest term used to describe sustainability, coined 
originally in German, was Nachhaltigkeit, meaning “sustained 
yield”. It first appeared in a handbook on forestry by Hans Carl 
von Carlowitz (1645-1714) published in 1713. This term — and 
subsequent adoption — was used to describe never harvesting 
more than the forest could conceivably regenerate. At the 
beginning of the mid-19th century, this translated term would 
make its way into the English language. 

Towards the end of the 20th century, following an increasing 
awareness of reliance on fossil fuels and the importance 
of balancing human consumption with conserving natural 
resources, the modern-day definition of sustainability came  
into circulation. Through the Brundtland Commission of the 
United Nations in 1987, Sustainability, the term we are most 
familiar with today, characterises sustainable development 
as ensuring the current generation lives comfortably without 
impacting the livelihoods of future generations. Sustainability 

concerns the future of the world’s resources; water and 
sustenance must come from somewhere, with even  
the earliest cultures proactively thinking of famine, natural 
depletion of their crops and/or the animals they depended  
on. Many ancient cultures had strong traditions of regulating  
the use of natural resources such as the Maoris of New Zealand 
(UNEP, 2017), and the indigenous peoples of Indonesia, 
Oceania and India. Indigenous populations, though scant 
— only 5% of the world’s total population — hold 18% of the 
land and have claim to far more (UNEP, 2017). Their homes 
stretch across 70 countries from the Arctic to the South Pacific 
and include many of the planet’s most biodiverse locations. 
Indigenous peoples and their traditions and belief systems 
are intrinsically linked to nature; they show a deep reverence 
for the land in which they reside and have a strong sense of 
place and belonging. This knowledge, passed down from 
elders, correlates to modern approaches of environmentalism 
and future climate resilience. And despite major corporations 
exploiting their land — from illegal encroachments, to mining 
and logging — Indigenous peoples remain staunch in their  
fight for conservation.

At its core, sustainability considers ecological, social, and 
economic factors, with an understanding that these three 
“pillars” must work in conjunction to have optimal impact. 
The importance of quantifying sustainability within these three 
key components is to ensure we don’t take more than what is 
necessary, so there are resources left for our descendants.

Three Pillars of Sustainability
Environmental Sustainability means all the world’s 
environmental structures are in harmony while natural resources 
consumed by humans are replenished without difficulty, in a 
circular fashion. ISO 14000 is a set of rules and standards that 
offers guidance in helping companies reduce their industrial 
and environmental impact.

Economic Sustainability means communities across the world 
maintain their independence and have access to essential 
resources that they require: fresh, clean water, education, 
financial support, to meet their needs and protect their 
livelihoods. 

Social Sustainability means basic human rights and necessities 
are available to all. For a healthy community to thrive, there 
need to be leaders who respect personal, labour and cultural 
rights and ensure all people are sheltered from all forms  
of discrimination.  

ENVIRONMENT

ECONOMY SOCIETY
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UNITED NATIONS SUSTAINABLE 
DEVELOPMENT GOALS
The United Nations Sustainable Development Goals (referred to 
in Chapter 2: Global Context and Mitigation Pathways, p16) is 
the current focus for attainable global goals seeking to improve 
the lives of all the world’s citizens. 

The 2030 Agenda for Sustainable Development, adopted by all 
United Nations Member States in 2015, establishes an important 
master plan for people, prosperity and the planet, through this 
century and beyond. The 17 Sustainable Development Goals and 
169 targets encapsulate the scale and aspiration of this universal 
Agenda. Determined to build on the Millennium Development 
Goals and to complete what they did not manage to achieve; the 
UN SDGs highlights the priority of human rights for all and for 
gender equality and empowerment of all women and girls.

The UN SDGs understand that these goals must be “integrated 
and indivisible and balance the three core dimensions 
of sustainable development: the economic, social, and 
environmental” (The 2030 Agenda for Sustainable Development 
| What we do ...”) and that “The Goals and targets will stimulate 
action over the next fifteen years in areas of critical importance 
for humanity and the planet.” (The 2030 Agenda for Sustainable 
Development, 2015). 

  Agreed by world leaders at the UN in 
2015, the 17 Sustainable Development 
Goals (SDGs) succeed the Millennium 
Development Goals (MDGs) with focused 
aims such as eradicating extreme poverty 
and world hunger, addressing gender 
inequality, and protecting the planet,  
for all citizens, of all ages, in every 
country.

DID YOU
KNOW?

RIBA SUSTAINABLE 
OUTCOMES GUIDE
Following on from the UN Sustainable Goals and directly 
influenced by them, the RIBA has outlined outcomes that, 
in practice, should be addressed by built environment 
individuals and organisations to design sustainable buildings 
of all scales for the future. This guide highlights notable gaps 
between design intent and in-use performance and proposes 
an outcomes-based approach to resolve these issues for 
a more sustainable built environment. 

Explaining each sustainable outcome and their key metrics, 
the guide also provides essential design principles to achieve 
the measurable set of eight sustainable outcomes corresponding 
to the UN Sustainable Goals which also supports architects 
taking the RIBA 2030 Climate Challenge (referenced in ‘Chapter 
3.2 UK & Ireland Legislation & Voluntary Initiatives’, p24). 

The RIBA sustainable outcomes are  
listed below:
• Net zero operational carbon
• Net zero embodied carbon
• Sustainable water cycle
• Sustainable connectivity and transport
• Sustainable land use and biodiversity
• Good health and wellbeing
• Sustainable communities and social value
• Sustainable life cycle cost

SUSTAINABILITY AT 
ULSTER UNIVERSITY
Here at Ulster University, a new Sustainability website has 
been launched to support the University’s sustainability transition, 
with the primary aim of embedding a strict culture of sustainable 
thinking and action across the entire institution, on each of our 
campuses, and the larger community of which we are a part.

The motivations behind sustainability are multifaceted and 
Ulster University understands the development needs across 
various aspects of research, teaching, professional services, 
operations, and governance which is why it is so important
to support sustainability initiatives and projects from staff, 
students and external partners. 

Championing the climate agenda and contributing towards 
global sustainability is a primary focus of Ulster as an academic 
institution, with courses and research projects running across 
an array of disciplines including sustainable architecture, 
energy storage and renewable energy engineering, sustainable 
tourism, marine sciences, biomedical and health sciences, 
sustainable textiles, and law and human rights. 

As a member of the COP26 Universities Network, Ulster 
University is one of 80 UK-based institutions and research 
centres working together to raise awareness for tangible 
outcomes from the UN COP26 Climate Change Conference 
(held in Glasgow from 31 October to12 November 2021). 
As an academic institute with a strategic approach to 
managing its climate impact, our research projects encompass 
multiple strands of climate-focused activity and shows our 
diverse range of disciplines, from the Centre for Sustainable 
Technologies (CST), the Centre for Engineering and Renewable 
Energies (CERE) and the Centre for Hydrogen Safety Research 
(HySAFER), to name a few.

Even our Greater Belfast Development, the new campus 
based at York Street, has had a keen focus on sustainability 
throughout its concept, development, and construction phase. 
The core design on the project had a dedicated Sustainable 
Design Development Brief (SDDB) which is in keeping with 
the University’s approach to sustainability across the new 
campus. Green biodiversity roofs, improved indoor air 
quality and achieving BREEAM ‘Excellent’ environmental 

standards, have all played a part in delivering an exemplary 
building for staff, students, and visitors. 

Sustainability features in the new  
Belfast campus include:
1. Reduction in heating energy due to a high-performance  
 building fabric

2. Electricity usage is minimised by using efficient lighting  
 and controls

3. Carbon emissions performance beyond that demanded  
 by current building regulations

4. Biodiversity roofs for water attenuation and habitat creation

5. Heating, cooling, and ventilation controlled based  
 on presence

6. Sustainable travel - “car free” campuses, cycle facilities,  
 high quality secure spaces, showers and changing facilities

7. Controls, systems and monitoring to ensure efficient use  
 of water

8. Energy management through an energy monitoring and  
 targeting system

Net Zero/Climate Plan
i.  Currently at Ulster University, we are actively working on  
 a Climate Strategy which replaces our Carbon Management  
 Plan 2010/11 to 2020/21. Over the past few years, we  
 have improved performances on our carbon management  
 plan, exceeding the reduction target of 29% from the  
 2005/2006 baseline. We effectively reduced our Scope  
 1 & 2 Carbon emissions (electricity, heating, and fuel  
 emissions) by 45%. We are pleased to be acknowledged  
 for this achievement, linked to our Business in The Community  
 (BiTC) Environmental Leadership Award, won in 2019. 

ii.  Our Climate Strategy will outline our approach to net zero  
 and targets will be aligned to Science Based Target Initiative

iii.  Earlier this year we completed a baseline study of our  
 broader emissions – Scope 3 (purchased goods and  
 services, commuting and business travel and waste  
 emissions), we have a baseline emissions report; however,  
 this will be shared externally at a later stage.

iv.  We are currently engaging a net zero target modelling  
 exercise to establish our emissions reduction target, target  
 date and projects and investments needed to meet targets  
 including what role offsetting and our green infrastructure 
 will have in our net zero journey.

v. The findings of this exercise will be presented to the internal  
 Senior Leadership Team to endorse

vi. The Climate Strategy will also include approaches to  
 climate education, research and outreach.

Sustainability Plan
i. There is currently an outline draft of a sustainability plan to  
 be reviewed with the Vice Chancellor, which will be shared  
 externally at a later stage.

ii. To develop this further we have secured funding from our  
 Strategic Project Group (SPG) to commence a materiality  
 assessment (identifying sustainability Risks and opportunities)  
 with internal and external stakeholders using the support of  
 consultant who we would hope to appoint before the end of  
 the year. 

iii. Our annual Sustainability report from 2019-2020 is available  
 here. Regarding the materiality assessment from staff and  
 students in the new year, there will be a focus on views about  
 environmental and societal issues on campus which will feed  
 back into the Sustainability team to work on improvements. 

A few Impacts & Outcomes
• There are two 800KW wind turbines installed on our  
 Coleraine campus which generate 860 tonnes of carbon  
 savings and reduces overall campus electricity by 40%,  
 with 20% exported back to local electricity grid which  
 saves on the university’s electricity bill.

• There are eight Solar Power Generation Systems, across  
 all campuses, with a total capacity of 180KW which annually 
 produces 140,000KWh of renewable energy — equivalent  
 to saving 40 tonnes on carbon emissions.

• Since 2010, our Electricity consumption has dropped by  
 20%, saving the university £500K each year and 1,250  
 tonnes of Carbon.

• Implementing water saving operations and technologies 
 has reduced water wastage by 35% or 44,000m3 from  
 2010/11 consumption levels.

SUSTAINABILITY IN BELFAST
Recently, Belfast ranked in Top 20 global sustainable 
destinations. Ranking19 out of 73 global destinations  
by the Global Destination Sustainability Index (GDS- 
Index) — the world’s leading benchmarking and sustainable  
performance improvement programme for tourism  
destinations — has boosted the city’s plans for sustainability 
performance and ambitions laid out by key city partners  
and Visit Belfast. Other notable sustainable cities in the  
Top 20 ranking were Sydney, Cork, Brussels, Glasgow,  
Helsinki, Gothenburg and Zurich. Belfast scored a respectable 
70.7 percent and climbed last year’s rankings from 47th  
place to 19th place — Belfast joined the GDS-Index in  
2020. This is an incredible achievement for the city and 
demonstrates a concentrated approach to bringing 
sustainability to the forefront of tourism recovery and  
growth plans.

https://www.ulster.ac.uk/sustainability
https://www.ulster.ac.uk/research/topic/built-environment/sustainable-technologies
https://www.ulster.ac.uk/research/topic/built-environment/sustainable-technologies
https://www.ulster.ac.uk/faculties/computing-engineering-and-the-built-environment/computing-engineering-intelligent-systems/centre-for-engineering-and-renewable-energies
https://www.ulster.ac.uk/faculties/computing-engineering-and-the-built-environment/computing-engineering-intelligent-systems/centre-for-engineering-and-renewable-energies
https://www.ulster.ac.uk/research/topic/built-environment/hydrogen-safety-engineering
https://www.ulster.ac.uk/sustainability/operations/carbon-management-plan
https://www.ulster.ac.uk/sustainability/operations/carbon-management-plan
https://www.bitcni.org.uk/success-story/environmental-leadership-award-winner-ulster-university/
https://www.ulster.ac.uk/__data/assets/pdf_file/0003/863031/1920_ASReport_web.pdf
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The GDS-Index appraised Belfast’s performance on four  
main areas: the city’s environmental strategy and infrastructure,  
its social performance, industry supplier performance and  
the strategy of the city’s Destination Marketing and 
Management Organisation (DMMO) Visit Belfast.

Led by Visit Belfast and part of the Belfast Resilience Strategy’s 
30 transformational programmes, Belfast achieving this ‘green’ 
tourism milestone is a significant step towards actions and 
commitments and the end goal of Belfast becoming a more 
regenerative, flourishing and sustainable place to visit, live  
and thrive. 

Urban Sustainability
What makes Belfast an equipped city to deal with future  
climate changes? A few factors work in its favour, for one,  
it is not an especially dense city; the city’s inhabitants are 
spaced apart — compared to other UK cities — even in  
the city centre high-rise apartments aren’t encroaching on  
each other’s plots, nor is there heavy congestion along the  
main streets like London, Leeds or Manchester. To its credit, 
Belfast has had ample opportunities to expand vertically,  
but planning restrictions and other factors have impeded  
on these plans. 

A study on ‘Decoupling density from tallness in analysing  
the life cycle of greenhouse gas emissions of cities’ published  
by F. Pomponi et al., 2021, highlights that having a sustainable 
city does not necessarily correlate to taller or denser buildings, 
and that whilst these preconceptions often consider the optimal 
use of space and more people accommodated per square 
metre of land, the fact is that as buildings become taller they 
must be built further apart, either for structural reasons or to 
include policies and regulations that relate to daylight, privacy, 
and allowing for natural ventilation. 

Given that there are no current methods that exist to analyse 
the density and tallness of urban environments independently 
of each other and their influence on life cycle greenhouse 
gas emissions (LCGE) — which encompasses both embodied 
and operational GHG emissions — the above study offers 
a method that addresses this lack of metrics by decoupling 
density and tallness in urban settings, allowing each metric 
to be evaluated individually. Considering that current urban 
environmental designs often neglect the life cycle of GHG 
emissions, this method, tested out on several cities in the UK e.g.,  
London, Edinburgh, Leeds, Sheffield and Birmingham — and 
measured key neighbourhood and building characteristics — 
shows that taller urban environments typically increase LCGE, 

and that low-density urban environments drastically increase 
land use. Alternatively, when urban density is increased without  
increasing height this, in turn, reduces LCGE whilst boosting 
population capacity. These findings have shown that the idea  
of building taller does not directly contribute to efficiency in 
urban design and instead shows that denser urban surroundings 
do not significantly increase LCGE and require less land. 

Parametrically simulating 5000 urban environments to analyse 
both tallness and density, the study’s method operated under 
two scenarios (one for a fixed population of 20, 30, 40 and 
50 thousand people and the other on fixed land area) and 
performed a “cradle-to-grave” process-based life cycle 
assessment on each component to evaluate LCGE. The study 
also defined four urban typologies regarding density and 
height: high density, high-rise (HDHR); low density, high-rise 
(LDHR); high density, low-rise (HDLR) and low density, low 
-rise (LDLR). 

When we consider this study in the context of Belfast, we  
can see the direct comparison to a low density, low-rise  
(LDLR) scenario that the city’s current building stock operates  
in, applicable for both commercial and residential units.  
If we were to strive for higher density living in terms of LCGE 
impacts, the HDLR urban typology would be the best-case 
scenario for a fixed population, the previous study surmises.

Another study by Belfast City Council in 2017 sought  
to compare ‘Residential Densities’ in urban landscapes. 
Researching 12 exemplar cases of urban developments  
across the UK & Ireland and Holland — with cities like  
London, Belfast, Dublin and Amsterdam — the study  
concluded that the benefits of high densities are many  
and varied and, when outlined strategically, make  
efficient use of land, offering less pollution, and reduced  
travel distances and times.

High density cities do not always have to result in poorly 
designed and crammed environments, as evidenced  
by the case studies outlined in the above report. In the  
Belfast context, development density will fluctuate from 
development to development and site to site, depending  
on key elements such as local topography, market need,  
relation to surrounding buildings and access to local  
amenities. To achieve “sustainable” urban development  
we must strive to support communities where appropriate  
levels of services such as retail, education, employment,  
public transport, health and wellbeing etc., all work  
in unison. 

LOCAL CASE STUDY
Donnybrook Quarter, Hackney, 
London
The development of Donnybrook Quarter in Hackney, 
London is a prime example of densified city living that 
endorses urban sustainability. Comprising of low-rise 
high density dwellings, this development located on 
a corner site south of Victoria Park in Hackney was 
completed in 2006 and accommodates 40 apartments. 
This innovative housing scheme was conceived around 
two new tree-lined streets which cross the site creating 
strong spatial connections with adjacent neighbourhoods 
and a handy cut-through for the residents. 

Placing maisonettes on top of flats created a generous 
roof terrace that also acts as an entrance to these apartments. 
For a personal touch, this high density development provides 
each dwelling with its own front door and a decent-sized 
garden or terrace, alongside a car-free pedestrian street 
overlooked by all residents. The streets have an intimate
scale (7.5m wide) and are bordered on each side by the
two and three-storey buildings. At the intersection, the two 
streets open out into a tree-lined square, offering greenery 
and space to walk between the buildings. 

Although low-rise, this project achieves an ultra-high 
density of up to 520 habitable rooms per hectare resulting
in winning first prize in the “Accommodating Change: 
Innovation in Housing Competition” for its sustainable 
accomplishments in urban design. 

Location: Hackney, London
Site area: 0.3 ha
Total dwellings: 40
Design: Complete 2006
Density dph (dwellings per hectare): 130 
Architects: Peter Barber Architects
Client: Circle 33 Housing Trust

Figure 68 and 69: Left is a photo of the view of the square. On the right is a Google earth view showing site layout. 
(Source: Peter Barber Architects)
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INTERNATIONAL CASE STUDY
Qiaoyuan Wetland Park,  
Tianjin, China
One of China’s most prolific urban design thinkers and Dean 
of Peking University’s college of architecture and landscape, 
Professor Yu Kongjian is the brains behind the “sponge city” 
concept of managing floods in low-lying, at-risk hotspots. In 
conventional flood water management, the water is drained 
swiftly away in pipes, or riverbanks are reinforced with
concrete to prevent overflowing. Professor Yu’s concept 
dismantles this notion of flood prevention by instead seeking 
to soak up rainfall and moderating surface run-off. 

Highlighting three areas, Professor Yu’s concept does the 
following: firstly, at the source, the city tries to contain water 
with many ponds or water sources; secondly, the water’s 
flow meanders through wetlands or vegetation slowing it 
down (this approach has introduced and invaluably enriched 
green spaces for the benefit of local flora and fauna); and 
thirdly, the water ends up in a “sink”— emptying out into 
rivers, lakes, the sea. 

Originally a former deserted shooting range used as 
a dumpsite, Qiaoyuan Wetland Park [Fig. 70] highlights
the principles of a “sponge city” and has regenerated 
the surrounding area with its diverse plant adaptation 
and community evolution. Changing the entire landscape 
has resulted in a low-maintenance urban park with shallow 
and seasonal water ponds occupied by native flora. The 
original site was heavily polluted, enclosed by ramshackle 
tenements, devoid of biodiversity and lacking much-needed 
greenery [Fig. 71]. In early 2006, at the request of residents, 
Tianjin’s municipal government stepped in and hired 
Turenscape to transform the neglected area.

Centering around goals such as: soil improvement through 
natural processes (the soil is predominantly saline-alkali); 
re-introducing low-maintenance native vegetation back 
into the local landscape; storm water management and 
providing opportunities for environmental education about 
native landscapes and natural systems, the project has i
njected much-needed life back into the area ravaged by 
years of urban development.

Much of the sponge city concept is influenced by ancient 
Chinese traditional farming techniques inspired from 
Professor Yu’s childhood experiences living in the eastern 
coastal province of Zhejiang e.g., farmers would store
rainwater for crops in ponds. Professor Yu hopes his 
sponge city strategy can be implemented worldwide but 
understands not all regions can use natural processes to 
solve flooding problems or have the appropriate climate 
that can adapt to this model of thinking. 

Encouragingly, the Chinese government have endorsed 
Professor Yu’s research and announced a multi-million-yuan 
plan and an ambitious goal of 80% of China’s municipal 
areas adopting elements of a sponge city by 2030, with 
another aim of recycling at least 70% of rainfall. 

Location: Tianjin City, China
Area: 22ha
Design: October 2005 — May 2008
Complete: 2008
Owner/Client: Environment Construction &  
Investment Co., Ltd, Tianjin City
Landscape Architects: Turenscape

Figure 70: Tianjin’s Qiaoyuan Wetland Park — shown as an example of the sponge city concept in action. This park has won awards for 
its design and transformation of a disused shooting range used as a rubbish dump to a diverse nature park providing ample opportunity 
for environmental education. (Source: Turenscape) 

Figure 71: The disused site before its 
transformation. (Source: Turenscape)

CONCLUSION
As Belfast is a harbour city, and already in a low-lying 
area susceptible to flooding, and as climate change 
warms the planet, the increasing presence of water in the 
city is a significant risk. Certain elements of the “sponge 
city” are capable of being implemented in Belfast, such 
as draining water in a natural way rather than funnelling 
it away. The “sponge city” concept also suggests actions 
such as irrigating gardens and urban farms, recharging 
depleted aquifers and replacing/ replenishing the water 
used to flush toilets.

Whilst not a perfect model for longevity and not guaranteed 
to run in perpetuity without human involvement, sustainable 
practices can be adapted for a variety of situations that can 
help cities, especially smaller cities like Belfast, to flourish in 
a world of unexpected change. The partnership between 
climate change mitigation, adaptation and disaster risk 
management can have considerable impacts towards 
resilient and sustainable pathways. These pathways, 
even when delivered locally, can have far-reaching global 
consequences. Whilst there is no definitive answer to the 
climate change question, the best thing we can do is try
to improve our chances by making choices to reduce our 
impact and to introduce sustainable practices, no matter 
how small, into the equation. Achieving a resilient and 
sustainable future involves taking proactive measures to 
bolster transformations, including adaptive management, 
a culture of learning, innovation, and guidance to manage 
risks and uncertainty.

The two case studies, both international and local, will 
have shown the initiatives involved with thinking sustainably, 
in utilising the local terrain, climate and conditions, as well 
as adopting science and foresight into each step of the 
concept through to the finalised design. 

When we consider sustainability from a 
UK-wide and global standpoint, in simplest 
terms, being sustainable means adopting, 
or implementing, the following:
• More green spaces, in town centres, villages,  
  in urban landscapes
• Crop rotations — helps to manage soil fertility,  
  reducing erosion, increases nutrients and diversity
• Sustainable building design and construction –  
  being conscious of what’s needed and what isn’t;  
  can the building be retrofitted, is a new build necessary?
• Water efficient fixtures to reduce water wastage
• Renewable Clean Energy – wind and solar energy
• Waste to Energy Recycling
• Water Treatment
• Recycling
• A circular economy

There is no denying the facts; climate change is here to 
stay, and with this inevitable future awaiting humanity, 
organisations and people need to understand the impact 
their carbon footprint and ambivalence is making — 
our decisions will affect the later generations still to come.

Belfast has the capabilities of creating a well-structured 
and green-focused infrastructure despite climate issues, 
societal and global impacts i.e., the Coronavirus pandemic. 
Adopting sustainable practices, whether small or large-
scale, can produce considerable positive outcomes for 
the benefit of all.
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CHAPTER 7 
OUTCOMES & 

CONCLUSION —
NEXT STEPS

“We do not inherit the earth from our ancestors, 
we borrow it from our children.”  

Native American Proverb

THE FUTURE OF BELFAST AND  
ITS SUSTAINABLE JOURNEY –  
A BLUE GREEN INFRASTRUCTURE
The future of the climate crisis will not be managed easily  
but will be concentrated and combined effort by all parties, 
from all fronts, from all walks of life, to tackle it. Referenced 
in the introduction, the Ten Point Plan for a Green Industrial 
Revolution is the UK Government’s consolidated approach to 
supporting green jobs, mitigating the climate emergency and 
building back better, greener and more sustainable all in an 
effort to accelerate the country’s path to net zero by 2050.

To truly combat the climate crisis focus needs to be on the  
drive towards a Blue Green Infrastructure. The JNCC (Joint 
Nature Conservation Committee), a public body that advises 
the UK Government and devolved administrations on UK-
wide and international nature conservation, have developed 
a roadmap to bridge the knowledge gap in the field of BGIs 
(Blue Green Infrastructures). Published in 2019, this roadmap 
researches environmental trends, social trends, economic  
trends and trends in knowledge sharing. 

Regarding environmental trends, the report presents BGIs  
as a potential to overcoming the effects of climate change  
by adopting a holistic approach for spatial planning at various 
scales, mitigating flooding incidents as well as reducing heat 
load in certain areas. The report also suggests that BGIs can be 
incorporated into all aspects of urban and rural developments 
to counteract water management problems e.g., wetlands, 
permeable pavements, retention ponds. In addition to this, the 
report discusses social trends such as increasing urbanisation, 
population growth and social inequality, and the impact on 

peoples’ health and wellbeing. BGIs can support these issues 
by focusing on services that are inherently a human health 
and wellbeing priority i.e., noise pollution reduction, 
championing exercise and activity, stress mitigation and 
social interaction. Economic trends directly correlate to 
environmental and social trends and as such economic 
systems are steadily modernising by adopting sustainable 
practices to decrease waste, regulate consumption of 
natural resources, recycling, and promoting the “greening”
of design attitudes.

GREEN INFRASTRUCTURE – 
ITS MULTIFUNCTIONAL 
CAPABILITIES
Green Infrastructure in direct comparison to ‘grey’ (man-made/
constructed) infrastructure has many multifaceted functions, as 
opposed to serving one single objective. Green Infrastructure 
can mean the same area of land is able to perform a variety 
of functions concurrently which therefore benefits the overall 
ecosystem, for example, leaving a portion of a private garden 
untouched to provide sanctuary for wildlife and to preserve 
biodiversity. Having Green Infrastructure means reinforcing 
nature’s ability to deliver on multiple important ecosystem  
goods and services, providing an assortment of social, 
environmental, economic and biodiversity assets — our planet 
and environment can work in our favour if we have the tools  
to service it. An example of nature working in our favour  
would be by planting more trees and restoring wetlands  
as an alternative to building a new water treatment facility. 
When we restore floodplains, we cut the cost of constructing 
another unnecessary dike. When nature is protected, nurtured 
and utilised, wild habitats are secured for future generations  
of plants and animals.

THE BENEFITS OF A BLUE  
GREEN INFRASTRUCTURE
By adopting the Blue Green Infrastructure approach, we focus 
on areas both within the urban environment and without. In 
areas of dense population, we can improve our positive impact 
on the environment by adding green roofs, urban gardens, and 
municipal spaces that are recreational but can also contribute to 
urban biodiversity. For example, green walls have been shown 
as a great way to filter air pollutants, reduce noise, as well as 
improving sense of wellbeing. Green walls are also able to 
regulate the temperature of the building. 

But for a Blue Green Infrastructure to work there needs to be 
consistent communication from all levels of involvement; from 
those researching trends and analyses to policy-makers through 
to the practitioners at ground level. By focusing the country’s 

           
                DID YOU KNOW? 

What is Blue Green Infrastructure? 
The European Commission defines it as “a strategically  
planned network of natural and semi-natural areas with  
other environmental features designed and managed to  
deliver a wide range of ecosystem services such as water 
purification, air quality, space for recreation and climate 
mitigation and adaptation. This network of green (land)  
and blue (water) spaces can improve environmental 
conditions and therefore citizens’ health and quality of life. 
It also supports a green economy, creates job opportunities 
and enhances biodiversity.” (Green Infrastructure - 
Environment - European Commission)
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Figure 72: The possibilities of green infrastructure merging with grey infrastructure for the benefit of people’s mental health, 
improvement of urban areas and balance of ecosystems. (Image source: NatureScot)

efforts on Green Infrastructure, it will provide great advantages 
for both citizens and the natural environment but will also require 
rigorous planning and effective coordination. 

With Blue Green Infrastructure, there 
is priority and drive on green-focused 
agendas which can help in: 
• Building a strong, competitive economy –  
  by advocating for greener jobs, there is incentive to apply 
   for them, from the entry-level jobs through to higher positions,  
  thereby driving economic growth through a greener context. 

• Achieving well-designed places –  
  to enhance the built environment by adding more green roofs, 
  planting more trees in the street, and creating more green,  
  recreational spaces for urban inhabitants. 

• Promoting healthy and safe communities –  
  to eliminate environmental health problems by offering  
  areas for recreation, socialisation and exercise, especially  
  in areas of dense urbanisation. By caring for the community  
  through initiatives such as urban-farming and gardening  
  health issues can be reduced and help to reduce excessive  
  air and noise pollution.

• Mitigating climate change, flooding and coastal change –  
  focusing on carbon storage, protecting species migration  
  to other suitable habitats, preventing coastal erosion, etc. 

• Conserving and enhancing the natural environment

BUILDING BACK A BETTER, 
GREENER, AND MORE 
SUSTAINABLE ECONOMY
Today, sustainability is a fundamental factor in many 
organisations’ risk mitigation strategies, with a steadily 
growing presence in all aspects of the economy from 
politics to finance to procurement. The World Green 
Building Council’s “Beyond the Business Case report 
2021” outlines the expectations and financial trends that 
promote and push for sustainability in the built environment 
in its current format through to a climate-resilient future. 

In recent years, sustainable investing has become in high 
demand with climate change forcing companies to reassess 
their risk and values of financial assets and to recognise 
that climate risk inevitably means investment risk. Whilst 
Environmental, Social and Governance (ESG) reporting 
is not a new phenomenon, it currently reflects the growing 

focus on sustainability especially in a world where potential 
investors are starting to see the risks by not advocating
for a green agenda. Investors are increasingly choosing 
more sustainable investments that represent their climate-
conscious values.

THE IMPACT OF  
NATURAL CAPITAL
Natural capital can be defined as taking stock of the world’s 
natural assets such as soil, water, geology and biodiversity. 
These fundamental resources are integral to the health and 
survival of humanity on this planet. Over-extraction of 
these essential resources are heavily relied upon — used in 
farming, energy generation, to the extraction of construction 
materials — and pose a significant risk of local, regional or 
even global ecosystem collapse if these resources are not 
replenished accordingly.

Outlined in the Beyond the Business case report is the 
importance of allowing natural resources to work in the 
economy’s favour. Many studies have quantified natural 
capital as being particularly advantageous e.g., street 
trees in California provide USD 1 billion per year in 
ecosystem services — through climactic regulation and
flood prevention in urban environments, and Mexico’s 
mangrove forests provide the US economy an annual USD 
70 billion through storm protection, carbon storage and by 
protecting the fishing industry. These factors provide ample 
reasoning behind considering natural capital as an indispensable 
part of the business case for the sustainable built environment. 
By protecting our natural ecosystems and biodiversity today
we can protect against future replenishment costs.

THE COST OF DOING NOTHING
What is the exact cost of doing nothing in the face of the 
impending climate crisis? Well, according to experts, the cost 
of doing nothing far outweighs the cost of doing something 
now. In opposition, climate deniers are adamant that the cost 
of climate mitigation is ruinous to the point of lunacy, given 
that the current cost of making the UK a “world leader” in 
green policies is equivalent to £1.4 trillion. The Independent 
Office for Budget Responsibility (OBR) outlines the cost of 

making buildings net zero at £400 billion, whilst the bill for
green vehicles amounts to £300 billion, with £500 billion to 
clean up power generation and a further set aside £46 billion 
for industry. These amounts are staggering but provide a steep 
insight into the costs behind “greening” the economy. 

The International Federation of Red Cross and Red Crescent 
Societies (IFRC) suggests that by investing in climate adaptation
measures and disaster risk mitigation now, global leaders 
can avoid costly future expenses. In their “The Cost of Doing 
Nothing” report the IFRC addresses the impact climate change 
is having now, in our current timeline: droughts in Afghanistan, 
typhoons in Philippines, flooding in Austria, all in the past year 
alone. In the report they estimate that by 2050, a further 200 
million people could be displaced by climate-related disasters 
and require humanitarian aid. The IFRC claims that today’s 
resources are inadequate at providing basic support to those 
in need but with current cost estimates costing international 
funders an excess of $3.4 to $12 billion a year, this figure 
could potentially surge to $20 billion a year by 2030 — 
these figures taken from an analysis by IFRC alongside climate 
scientists and economists. At the cost of doing nothing the 
human-aspect of the crisis is evident. And with that in mind, 
it is clear that to counteract this there is also the opportunity 
to do something — to act.

With rising temperatures on the horizon (and impacting various 
countries in drastic measures) storms, heat waves and flooding 
will become the norm. Whilst we might be unable to prevent 
these natural disasters from occurring, or curtail their frequency, 
we can at least lessen the impact that they have. By investing in 
preventative measures, we can support and strengthen those in 
communities, countries and areas most at 
risk from adverse weather conditions and strengthen their 
resilience towards natural disasters. In essence, by providing 
assistance and investment in the right places, people can thrive 
and adapt in the world of warming temperatures. 

And even if carbon emissions were to magically reach zero by 
tomorrow, the world is already in a process of warming, so given 
this certainty, the best case scenario is to drastically modify our 
way of living on a steadily warming earth. As the earth’s 
custodians, it is our duty to look after it, to work in solidarity, 
and to leave it in a fit state for those who have yet to walk in 
our footsteps. 

FOR MORE INFORMATION, VISIT: 
https://data.jncc.gov.uk/data/354f40aa-1481-4b7f-
a1eb-82c806893409/BGI-Manual-Report.pdf

https://www.gov.uk/guidance/natural-environment

           
                DID YOU KNOW? 

What are Environmental, Social, and Governance 
(ESG) criteria?
Environmental, Social, and Governance criteria are a set  
of standards used by investors to screen potential 
investments through the company’s operations. It is a 
popular way for socially conscious investors to determine 
if a potential investment incorporates environmental or 
climate-focused attitudes. Socially responsible investing 
can also be referred to as sustainable investing. 

https://data.jncc.gov.uk/data/354f40aa-1481-4b7f-a1eb-82c806893409/BGI-Manual-Report.pdf
https://data.jncc.gov.uk/data/354f40aa-1481-4b7f-a1eb-82c806893409/BGI-Manual-Report.pdf
https://www.gov.uk/guidance/natural-environment
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