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Executive Summary

This report is the culmination of a six month effort to develop a Low Carbon
Routemap for the Built Environment. It provides a summary of the approach and
methodology used to develop the Routemap, and the key challenges and
opportunities. It is intended to accompany the visual Routemap and model found
on the website of the GCB (www.greenconstructionboard.org). The development
of the Routemap was managed by WRAP, which engaged Arup and the Climate
Centre to provide technical support in preparing the Routemap and a model for
emissions trajectories to 2050.

The Routemap covers both infrastructure and buildings sectors, and addresses
operational as well as capital (embodied) carbon emission components. The scope
of the Routemap has been defined to include:

e Operational carbon in buildings: GHG emissions from regulated energy use
in the domestic and non-domestic sectors.

e Operational carbon in infrastructure: GHG emissions from outdoor
lighting, waste from construction, demolition and excavation, and
water/wastewater. The use of transport infrastructure (by cars for example) is
excluded.

e Capital carbon: GHG emissions include direct process emissions and indirect
emissions from the manufacture and production of UK and imported
construction materials and products, emissions from the transport of materials,
emissions associated with professional services in support of construction, and
all construction and demolition works on site.

Baseline Carbon Emissions

Using this scope to define the emissions within the built environment, a baseline
emissions profile was developed for the years 1990 to 2010. This analysis shows
the built environment (as defined in the Routemap) was responsible for almost
210 MtCO2e of
emissions in 1990 and
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Figure 1. Breakdown of Carbon Emissions in the Built Environment (2010)
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Scenarios to 2050

A model of the trajectory of carbon emissions for the built environment was
developed for the 2010 to 2050. Three scenarios were assessed, each which used
a similar trajectory for grid decarbonisation:

A Business-as- Usual Scenario which represents the status quo

A Central Scenario which consists of implementation of measures that have a
positive return on investment over their lifetime or are reasonably feasible to
implement

An 80% Carbon Reduction Scenario which reaches the 2050 targets and
represents maximum uptake of low carbon technologies from the central
scenario, as well as significant uptake of measures that do not have a positive
return on investment

The 80% carbon reduction scenario is illustrated in Figure 49.
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Figure 2: Built environment carbon emissions to 2050 under the 80% Scenario

Key Challenges and Opportunities
In delivering the 80% carbon reduction, the primary challenges and opportunities
that have been identified include the following listed below.

Meeting the 80% carbon reduction target is challenging, but technically possible

It is technically possible to deliver the government’s target of an 80%
reduction in carbon emissions in the built environment, however, this would
require maximum uptake of technically viable solutions in all sectors,
including implementation of technologies that at present do not have a
financial return on investment over their lifetime.

Even under the Central scenario, market failures would still need to be
addressed as there is not a strong enough business case or incentive for the
private sector to implement even those measures which could have a return on
investment over their lifetime.
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Taking responsibility for carbon reduction at an industry level is essential to
driving uptake and delivering results as quickly as possible. There are many
sectors where no industry body “owns” the carbon and no plans have been
developed to manage carbon reduction.

There are strong opportunities to drive carbon reduction and promote ownership
of carbon in specific buildings sectors

The most significant source of carbon emissions in the built environment
today is domestic direct emissions from space heating (e.g. oil and gas
boilers), followed by non-domestic space heating. This is an area where
improvements can be made through insulation, draught proofing and building
control systems, but ultimately a change in fuel source is required to achieve
an 80% emissions reduction. The 80% scenario, indeed, assumes near full
implementation of DECC’s heat strategy, enabling substantial improvements
to be made in carbon reduction.

The 80% reduction scenario assumes that about 95% of easy to treat homes
and 70% of hard to treat homes will be retrofitted with insulation, draught
proofing and superglazing by 2050. This would require a substantial increase
in the pace of retrofit, particularly in hard to treat domestic buildings.

Ordering the 10 non-domestic building types by most to least carbon emitted
in 2010 shows that the top five emit 71% (retail, education, warehouses, hotels
and catering and commercial offices). There is a need to encourage the
industry representing each building sector to take ownership, develop
appropriate plans and drive carbon reduction.

Lighting is a significant source of emissions: it represents about 25% of
energy use in 2010 and nearly 40% of carbon emissions within the non-
domestic sector. There are significant opportunities to reduce emissions from
lighting, particularly as much of the required technology already exists and
payback can be quick, but other barriers and misconceptions need to be
overcome.

The government has significant potential to drive carbon reduction in assets it
owns, operates, builds and finances, in particular education, civil service and
health buildings, which currently account for approximately 28% of
operational emissions.

There are key issues that need to be monitored and addressed across the buildings
sector to enable carbon reduction to be realised

Reducing emissions from buildings is highly dependent on the pace of
decarbonisation of the grid. Key decisions about what low carbon technologies
will be needed in the future and the timing of when they need to be introduced
need to be made in consideration of the pathway towards decarbonisation

The built environment also has a role to play in enabling decarbonisation — if
energy load to the grid and power demand can be reduced, the proportion
which must be met through renewable sources becomes more manageable.

The performance gap is a major issue that needs to be addressed, both for new
build and retrofit. Addressing this gap can reduce emission “leakage”, reduce
the carbon rebound effect, improve the returns from retrofit initiatives, reduce
risk and give greater confidence to investors/owners. Faster reduction would
also enable cumulative emissions of the built environment to be reduced.
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Included in the performance gap are behavioural dimensions that will need to
be addressed as they can have a significant positive — and negative — impact
on carbon emissions.

Overall the analysis undertaken to develop the Routemap shows that despite
numerous studies and research, there is still insufficient bottom-up data on
building energy use broken down by different building types. Understanding
building performance at a detailed level is essential to promoting greater
understanding of the scale of the challenge and developing low carbon
solutions across the sector

Capital carbon must start to be addressed in tandem with operational carbon

The model projects that in 2050, capital carbon will represent nearly 40% of
the built environment’s emissions versus 18% in 2010.

There is a relationship between capital carbon and achievement of operational
carbon reduction. The projected growth in infrastructure spending has a
significant impact on capital carbon and offsets many of the gains made in
reducing capital carbon intensity; nonetheless, investment in infrastructure
(such as rail electrification) is expected to help to reduce the UK’s overall
carbon footprint.

Growth in demand for new building stock and investment in refurbishment
together with infrastructure development have a significant impact on capital
carbon. Significant growth in retrofit at early stages has the potential to cause
large increases in capital carbon, unless measures to reduce capital carbon
intensity have been implemented in tandem.

Improvement will be needed in the efficiency of process systems for materials
manufacture. Step change manufacture technology will be required to deliver
the necessary gains.

The findings show that to meet 80% reduction targets there will be a reliance
on biofuels (for transportation) and carbon capture and storage for energy
carbon intensive industries (i.e. steel and cement). The questions of if and
when these technologies can be deployed require resolution.

Technology change need not be the only solution and there is opportunity in
fundamental change in supply side business models (materials/steel and
systems/fagade).

The material life-cycle loop must be closed with the establishment of end-of-
life solutions. This could be through providing buildings and infrastructure
with features such as appropriate services life, adaptability and carbon
efficient recycling. The opportunities for reuse are many for example with
high-rise structural materials and foundations. New systems which generate
change, for example end-of-life obligations for asset creators may also be
required to effect change.

Innovation in materials technology can offer solutions in a number of ways
including improved efficiency through the delivery of the same utility, with
reduced carbon, or in areas such as carbon sequestration.

Solutions exist with buying local/national, and/or being selective about where
materials are sourced from. As the carbon agenda matures the issue of carbon
leakage may be relevant. The capital carbon model as it standards is boundary
free and therefore includes all carbon regardless of where it arises. However,
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formal national carbon accounting does not measure in this way, which might
lead to constraints on national industry. The opportunity is that as the world
shifts to recognise full Scope 111 emissions measurement UK industry could be
advantaged if it can offer low carbon material solutions.

There may be a role for meaningful penalty/incentive schemes to limit GHG
emissions during manufacture, which is recognised regardless of where
products are supplied from.

Standards for carbon measurement and reporting at all scales (product, asset,
organisation, region, etc) are required. These will become the backbone for
measurement, benchmarking, target setting and improvement.

Carbon performance data on materials is required through Environmental
Product Declarations, together with carbon databases, building and
infrastructure assessment tools, and design guidance to deliver low carbon
solutions. A campaign for the development of these together with training to
cultivate the necessary skills and knowledge in the industries professional
base.

The drive to 80% carbon reduction represents an economic opportunity

Delivering the 80% carbon reduction will generate significant business
opportunities, in particular for SMEs involved in domestic retrofit. By 2030
in the 80% carbon reduction scenario, it is estimated annual spending on
domestic retrofit alone could reach £4-4.5 billion. A study by Verco and
Cambridge Economics found that treating the UK’s 9.1 million fuel poor
homes alone could create 129,000 jobs per year’.

By directing funding towards research, development and demonstration in the
built environment, and undertaking large scale retrofit over the next 20 years,
the UK could position itself as a real leader and innovator in the low carbon
economy.

As the pace of grid decarbonisation becomes more clear, R&D and skills
development efforts could focus on what low carbon technologies might be
needed in the future, in particular relating to the future heat strategy for the
UK.

! Jobs, growth and warmer homes: Evaluating the Economic Stimulus of Investing in Energy
Efficiency Measures in Fuel Poor Homes, Verco and Cambridge Econometrics, 2012
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Glossary of Frequently Used Terms and Acronyms

Capital carbon

CCC
CLG
CO,
CO.e
DECC
Defra

Direct emissions

GCB
GHG
GHGI

Indirect emissions

MtCO,e
ONS

Operational carbon:

Scope I, I, HI:

SMEs
T™W
TWh
VOA
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All GHG emissions associated with construction and demolition
activities in the United Kingdom, including those embodied within
imported construction materials and products, and those associated
with the provision of professional support services (e.g.
architecture and engineering).

Committee on Climate Change

Department for Communities and Local Government
Carbon Dioxide

Carbon Dioxide Equivalent

Department for Energy and Climate Change

Department for the Environment, Food, and Rural Affairs

Emissions resulting from on-site combustion of hydrocarbons for
the purposes of space heating and hot water

Green Construction Board
Greenhouse Gas
Greenhouse Gas Inventory

Emissions resulting from the off-site combustion of fossil fuels to
provide for energy demands (electricity) in buildings

Mega (million) Tonnes of Carbon Dioxide Equivalent
Office for National Statistics

All direct and indirect GHG emissions arising from consumption
of energy for the uses and sectors defined as being part of the built
environment for the purposes of this work.

This refers to the three classes of GHG emissions as reported under
the Greenhouse Gas Protocol. Scope | emissions are direct GHG
emissions. Scope Il emissions are indirect GHG emissions
resulting from purchased electricity, heat or steam. Scope |11
emissions are other indirect GHG emissions such as those
associated with the extraction and production of purchased
materials and fuels, and other activities not directly controlled by
the reporting entity.

Small and medium enterprises.
Terawatts; a unit of power.
Terawatt hours; a unit of energy.

Valuation Office Agency
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1 Introduction

Energy consumed in constructing, maintaining and using the built environment —
our bmldmgs and infrastructure — |s a significant contributor to greenhouse gas
(GHG) emissions. Itis estlmated that energy use (regulated and unregulated) in
domestic and non-domestic® buildings alone accounts for 36% of the UK’s GHG
emissions. In addltlon transport represents 24% of the UK’s emissions, while
industrial emissions* are about 22%:; a considerable portion of these emissions are
to support the supply chain and construction activities for the built environment.

The built environment is a sector that presents a strong opportunity to make
substantial progress in reducing energy demand, improving process efficiency,
and reducing carbon emissions. In turn, this supports efforts to achieve renewable
energy generation targets, and develop the green economy by creating jobs,
economic growth, opportunities for SMEs and export potential.

The Green Construction Board has developed the Low Carbon Routemap for the
Built Environment to serve as a visual tool enabling stakeholders in the UK built
environment to understand the measures, decisions, and actions required to
achieve the government’s 2050 target of 80% reduction in greenhouse gas
emissions, and to measure progress over time.

The Routemap includes actions that reflect, strengthen or build upon current and
proposed legislation and policies, as well as new initiatives to encourage carbon
reduction. The Routemap also provides indicators and targets that can be used to
assess progress in meeting the 2050 target. Its scope includes infrastructure and
buildings, and addresses operational carbon emissions (“operational carbon”) as
well as capital carbon emissions (*“capital carbon) embedded in construction
processes (see Section 2.1 for further details).

1.1 Project Objectives

The development of the Routemap was managed by WRAP, which engaged Arup
and the Climate Centre to provide technical support in preparing the Routemap
and a model for emissions trajectories to 2050.

The objectives of this project were to:

e Provide a structured and logical Routemap by which to view the timeline to
2050 of key decision points, actions, deadlines and requirements

e Give a strong understanding of opportunities, risks, and gaps in information

o ldentify other relevant carbon reduction approaches not currently considered
by the GCB

o Improve visibility and coordination of the GCB working groups

e Demonstrate commitment and progress towards achieving a low carbon built
environment.

2 Percentages are calculated from GHG emissions data by end user presented in “2011 UK
Greenhouse Gas Emissions, Final Figures; Data Tables”, DECC, February 2013.

3 “Service Sector” as presented in DECC ECUK Table 5.6

* Includes “Industrial Process”, iron, steel and other industrial combustion and electricity data
categories
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1.2 Purpose and Structure of Report

This report provides a summary of the approach and methodology used to develop
the Low Carbon Routemap for the Built Environment, and the key findings and
recommendations. It is intended to accompany the visual Routemap and model
found on the website of the GCB (www.greenconstructionboard.org).

The report is structured as follows:

Chapter 2 discusses the approach to the project, its scope in terms of emissions
and sectors covered, the overall context and stakeholder engagement

Chapter 3 provides a brief analysis of 2010 carbon emissions data for the built
environment

Chapter 4 presents the methodology and analysis used to develop a baseline of
carbon emissions in the built environment from 1990 to 2010

Chapter 5 discusses the methodology, assumptions and analysis used to
develop projections to 2050

Chapter 6 presents the three scenarios considered and the results of each

Chapter 7 provides some final thoughts on challenges and opportunities to
achieve an 80% reduction in carbon emissions in the built environment by
2050
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2 Project Approach and Scope

The work was carried out in three phases between August 2012 and February
2013:

e Phase 1: Defining the built environment and developing a corresponding
baseline emissions level for 1990 to 2010, as well as identification of major
policies and initiatives that have been or are being developed to encourage
carbon reduction

e Phase 2: Development of a model with capital and operational carbon
emissions trajectory for the built environment and assessment of the potential
to achieve an 80% reduction through key policies and actions

o Phase 3: Development of the visual Routemap, a model with a user interface,
and a final report detailing the methodology and findings

2.1 Project Scope

The Routemap covers both infrastructure and buildings sectors, and addresses
operational as well as capital carbon emission components.

Defining the built environment and the emissions that are included was carried out
by stakeholder consultation during Phase 1 by considering control and influence
exerted by the industry. Through this process the following scope was defined.

For operational carbon in buildings, only GHG emissions from regulated energy
use are being addressed in domestic and non-domestic sectors. The term
“regulated” refers to the portion of building energy use which is governed by
building codes and regulations. It therefore excludes all plug loads in buildings
such as computers and servers in offices or televisions and refrigerators in homes.
For 2010, the portion of total emissions from domestic buildings which relates to
regulated energy use is 72%, while for non-domestic buildings it is 74%.

Operational carbon emissions in infrastructure consists of outdoor lighting, waste
from construction, demolition and excavation, and water/wastewater. The use of
transport infrastructure (by cars for example) is excluded. Any components of
infrastructure that include buildings (such as railway stations) are included in the
analysis but appear under buildings.

The capital carbon model developed for the carbon routemap is based on the
working definition of the ‘UK construction industry’ as reported by the Office of
National Statistics (ONS)°. It includes all GHG emissions associated with this
scope arising from the following components:

e Direct process emissions and emissions from the provision of energy, water,
and other resource demands, for the manufacture and production of UK and
imported construction materials and products.

e Emissions arising from the transport of materials within the supply chain and
to the construction site.

> ttp://www.ons.gov.uk/ons/publications/re-reference-tables.html?edition=tcm%3A77-224124
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e Emissions associated with the provisions of professional services in support of
construction (these include for example architecture, design and engineering,
QS, consulting services etc.).

¢ All construction and demolition works on site.

Emissions for this scope are included for both buildings and infrastructure and it
covers new work, maintenance and refurbishments.

An illustration of this scope can be seen in Figure 3.
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Figure 3: Boundary for capital carbon emissions

Emissions for the treatment and final disposal of any C&D waste (i.e. offsite
activities) are excluded from the definition of capital carbon. However, they are
accounted for within operational infrastructure emissions.

The scope of emissions covered by the project is summarised in Table 1 below.

For simplicity, the report refers to carbon emissions and GHG emissions; it should
be assumed these terms are synonymous unless otherwise stated.

The Routemap does not address actions related to decarbonisation of the
electricity grid, and assumes that decarbonisation of the electricity grid proceeds
as projected by the Department of Energy and Climate Change and the Committee
on Climate Change (see Section 5.1).
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Table 1: Scope of emissions in Routemap

High level Mid level Capital Carbon In_|Operational Carbon In
Housing Construction of new housing v |Heating v

Refurbishment of housing Housing refurbishment & maintenance v |Cooling v

Hot water v

Domestic buildings —

Ventilation v

Lighting v

Cooking x

Public Buildings Construction of new public buildings v |Other appliances x

Industrial Construction of new industrial buildings v |Heating v

Commercial Construction of new commercial buildings v |Cooling v

Non-domestic Retail and Distribution Construction of new retail buildings v |Hot water v
buildings Refurbishment of non-domestic buildings Refurbishment & maintenance of non-domestic buildings v |Ventilation v
Lighting v

Cooking x

(Other appliances x

Infrastructure - Energy Construction of power stations, energy distribution” v |Electricity x~

Infrastructure - Telecommunications Construction of communication networks, cabling, masts etc.' o |Use of telecommunications *
N Construction of reservoirs, pumping stations, treatments works Use of water :

Infrastructure - Water i 0 - . "

Infrastructure and distribution networks v |Use of sewage sysiems

Infrastructure - Transport Construction of roads, rail, bridges, airports, pnns‘ v |Vehicular emissions x
_ . Construction of waste treatment, recycling and incineration ) N

Infrastructure - Waste A Emissions from waste treatment ¥

facilitics v
Refurbishment Infrastructure Infrastructure refurbishment & maintenance v

" The construction and operation of buildings required to operate the infrastructure, including offices and stations is included in the non-domestic buildings sector.
~ Electricity use emissions are assigned to the activities using the electricity.
“ Walter use associated with industrial activities will be excluded if data is available

“ Emmisions associated with construction and demolition waste only.

2.2 Context

As discussed in Section 2.1, the scope of the Routemap is limited to certain
segments of capital and operational carbon emissions within the built
environment. Although the Routemap does not cover all sources of carbon
emissions within the built environment, it is important to recognise the impact of
decisions in the context of overall emission levels. For instance, there is a strong
link between capital and operational carbon emissions; decisions which may
increase capital carbon may help to directly or indirectly reduce operational
carbon emissions and vice versa. This linkage is particularly true in the
infrastructure sector where an investment in, for example, expanding mass
transport would help reduce the UK’s overall transport emissions, but would
increase capital carbon emissions for the built environment. To understand this
trade-off, a whole lifecycle carbon approach is required.

In addition, although the Routemap does not address emissions from unregulated
energy use, it is important to remember there is a link between regulated and
unregulated energy use. Unregulated energy use within a building, such as a
server room, may drive up regulated energy use in areas such as cooling.

2.3 Stakeholder Engagement

Stakeholder engagement was an essential component of developing the
Routemap. Engagement has taken place through meetings with Working Groups
of the Green Construction Board, a stakeholder workshop held in London on the
29™ of November 2012, and through consultation with key individual
stakeholders.
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3 2010 Review: Where is the Carbon?

Overall in 2010, the emissions associated with built environment (as defined in
this report Section 2.1), were estimated to be about 190MtCO2e in 2010. The
breakdown of these emissions is provided in Figure 4. These emissions have been
calculated using the methodology described in Chapter 0.

Non-domestic
Capital Carbon
9%

Infrastructure
operational
carbon
3%

Domestic Capital
Carbon
7%

Infrastructure /

Capital Carbon
2%

Domestic

operational

carbon
54%

Non-domestic
operational
carbon
25%

Figure 4: Breakdown of Carbon Emissions in the Built Environment (2010)

As shown in the diagram, domestic buildings are responsible for more than half of
the emissions in the built environment. Domestic and non-domestic buildings
together account for 79% of emissions. Further breakdown of these figures is
provided in the following sections.

3.1 Building Operational Emissions

The following figures for energy use and carbon emissions are derived from data
presented in ECUK for energy end-use.

3.1.1 Energy Use in Buildings

For the reference year of 2010, regulated energy use in buildings is estimated to
be just over 639 TWh, broken down as shown in Figure 5. Heating is the largest
source of emissions, representing nearly 75% of regulated energy use.
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Non-
Domestic

0 100 200 300 400 500 600 700

m Cooling and ventilation ® Hot water m Heating ® Lighting
Figure 5: 2010 Regulated energy use in buildings (TWh)

Energy use is non-domestic buildings can be further broken down as shown in
Figure 6 below. These building classifications are those used in ECUK. Heating
is the most dominant energy use at 58%, but lighting is also significant at 25% of
energy use in 2010.

Retal | CO T
cducron RN 1000
Warenouss GBI S
gl owe
Commercial offices | NN I S N
omer g s [
Sport and Leisure .-_-
Communication and Transport ﬂ-!

0 5 10 15 20 25 30

u Cooling and ventilation H Hot water = Heating H Lighting

Figure 6: 2010 Non-Domestic Regulated Energy Use (TWh)

3.1.2 GHG Emissions in Buildings

For the reference year 2010, carbon emissions from regulated energy use in
buildings is estimated to be 139 MtCO,e broken down as shown in the figure
below. The most significant source of carbon emissions in the built environment
is domestic direct emissions from space heating (e.g. oil and gas boilers),
followed by non-domestic space heating.
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Non-
Domestic
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® Cooling and ventilation ™ Hot water = Heating ® Lighting

Figure 7: GHG emissions from regulated energy use in buildings (MtCO2e)

Carbon use is non-domestic buildings can be further broken down as shown
below. Ordering the 10 non-domestic building types by most to least carbon
emitted shows that the top three emit 50% of the non-domestic carbon and the top
five emit 71%. The top five in order of largest to smallest emissions are retail,
education, warehouses, hotels and catering and commercial offices. Lighting is a
significant source of emissions; it represents nearly 40% of carbon emissions
within the non-domestic sector. In the retail sector alone, lighting is responsible
for 53% of carbon emissions.
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Figure 8: Non-Domestic Regulated Carbon Emissions (MtCO2e)
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3.2 Infrastructure Operational Emissions

As explained in Section 2.1, the Routemap looks at specific segments of
infrastructure operational emissions as they relate to the built environment. These
segments include public lighting, construction waste, and water and wastewater
emissions. The emissions for these three segments of the built environment were
estimated to total about 6 MtCO2e in 2010 or just over 3% of the total emissions
for the built environment. The figures have been calculated using the
methodology described in Section 0.

Public lighting

Construction waste
emissions

0 1 2 3 4

Figure 9: Operational emissions from infrastructure (those addressed by Routemap),
MtCO2e

3.3 Capital Carbon

Capital carbon represents about 18% of the total emissions in the built
environment. The breakdown of capital carbon emissions is provided in Figure 10
below. These emissions were calculated using the methodology discussed in
Section 5.9. Materials account for over 50% of capital carbon emissions.

| Design services

B Materials extraction,
manufacturing and production
B On-site construction activities
= Distribution of people and
0

products
Other
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Figure 10: Capital carbon emissions in 2010 (MtCO2e)
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Almost 60% of materials emissions are from two types of materials: metals and
cement concrete and plaster, as shown in Figure 11 below.

m Metals

m Cement, concrete &

plaster
4% B Timber
6% M Bricks & ceramics
6% W Glass

Plastics

8%

30%

Extraction and other

Figure 11: Contribution of material industries to capital carbon in 2010
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4 Baseline Carbon Emissions (1990 - 2010)

In order to design strategies to reduce GHG emissions, it is first necessary to
understand where GHG emissions are currently generated. This section presents
the methodology, data sources, analysis and findings from the development of the
model for the baseline GHG emissions. The baseline is an estimate of the capital
and operational carbon emissions for which the built environment is responsible,
and covers the period from 1990 to 2010. The UK’s 2050 target of 80% reduction
in GHG emissions is based on 1990 levels; thus, it is essential that the 1990 level
of GHG emissions be established for the portion of the built environment that
corresponds to the Routemap scope (as explained in Section 2.1)

4.1 Operational Carbon - Buildings

Historic operational carbon emissions operational carbon for the UK built
environment are primarily calculated from data on UK energy consumption
sourced from the Digest of UK Energy Statistics® (DUKES), produced annually
by DECC. Energy consumption data are multiplied by appropriate GHG
emissions factors to calculated the operational carbon contribution from various
built environment sectors, the most prominent being domestic and non-domestic
buildings. Other key data sources are the data tables presented in the 2012 update
to “Energy Consumption in the UK”’ (ECUK), and the 2011 “Great Britain’s
Housing Energy Fact File”® (HEFF), as well as the UK Greenhouse Gas Inventory
(UK GHGI®).

While good quality, suitable data exists across the various operational carbon
sectors since approximately 2009, not all datasets present the same resolution
back to 1990. As a result, some sectors may not show as detailed an historic
emissions breakdown as desired, or sub-sector breakdowns are given as estimates
based on suitable assumptions.

The sectors making up the baseline and their relevant sources and core
assumptions are presented below.

4.1.1 Domestic Buildings - Direct Emissions

The domestic sector is responsible for a large proportion of overall built
environment emissions. “Direct emissions” are defined as the emissions resulting
from on-site combustion of hydrocarbons for the purposes of space heating and
hot water. It should be noted that gas is also burnt for domestic cooking, but this
consumption is excluded from the scope of this research as it represents an area
where the industry has limited control and influence.

¢ Department of Energy and Climate Change (2012), Digest of UK Energy Statistics;
https://www.gov.uk/government/organisations/department-of-energy-climate-change/series/digest-
of-uk-energy-statistics-dukes

" Department of Energy and Climate Change (2012), Energy Consumption in the UK;
https://www.gov.uk/government/publications/energy-consumption-in-the-uk

® Department of Energy and Climate Change (2011), Great Britain’s Housing Energy Fact File;
https://www.gov.uk/government/publications/great-britains-housing-energy-fact-file-2011

% Department of Energy and Climate Change (2011), UK GHGI Data Tables (1990-2010);
https://www.gov.uk/government/publications/uk-greenhouse-gas-inventory
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DECC UK GHG figures'? report all historic emissions resulting from domestic
combustion, which include those attributed to cooking. To disaggregate this
sector, DECC ECUK Table 3.7 is used, which presents annual energy
consumption by fuel and end use historically from 1990 onwards. Multiplying the
demand of solid, liquid and gaseous fuels for space heating, hot water and
cooking by the appropriate emissions factors leads to total domestic direct
emissions that agree closely with DECC figures, differing by no more than 2%.
This allows for a high degree of confidence when choosing to discard direct
emissions due to domestic cooking.

4.1.2 Domestic Buildings - Indirect Emissions

“Indirect emissions” are defined as those resulting from the off-site combustion of
fossil fuels to provide for energy demands in buildings. These are primarily the
emissions associated with producing electricity but also heat from external
sources (i.e. Scope 2 emissions). DUKES Table 5.1.2 gives figures for total
historic consumed domestic electricity, which can be multiplied by historic grid
carbon intensities to give annual domestic indirect emissions. These do, however,
include emissions associated with demand for domestic appliances and cooking,
which are outside of the scope of the built environment.

ECUK Table 3.10 presents annual domestic electricity demand for lighting, cold
and wet appliances, consumer electronics, home computing, and cooking. ECUK
Table 3.7, meanwhile, presents electricity demand for space heating and hot water
(as well as cooking and an aggregated lighting and appliances figure).

A difference in modelling methodology and accountancy between the two tables
results in slightly different estimates of total demand for lighting and appliances;
if summing space heating and hot water electricity demand (Table 3.7) along with
individual appliance demands (Table 3.10), total domestic consumption is up to
15% less than total reported consumption in DUKES.

Currently the majority of appliances are considered outside the scope of the built
environment, with only lighting demand contributing to the model’s operational
carbon section. The baseline model uses lighting demand as presented in ECUK
Table 3.10, but this is scaled according to total lighting and appliances demand as
given in ECUK Table 3.7 so that it better represents its portion of total UK
consumption. Heating and hot water demand is taken from ECUK Table 3.7.
These “regulated” domestic emissions components contribute between 46% and
55% of historic domestic indirect emissions. Analysis of this method indicates
that there is a potential under-reporting of total electricity of average 4% between
1999 and 2011, but between 1990 and 1999 the data are perfectly aligned. It is
likely that future revisions of ECUK will allow for a more accurate measure.

4.1.3 Non-domestic Buildings - Direct Emissions

The most complete historic dataset publicly available for calculating non-
domestic direct emissions is DUKES. As an initial estimate for the non-domestic
sector, demand for all solid, liquid and gaseous fuels presented in DUKES is

19 Department of Energy and Climate Change (2013), Statistical Release: 2011 UK Greenhouse
Gas Emissions, Final Figures; https://www.gov.uk/government/publications/final-uk-emissions-
estimates
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taken to estimate direct emissions. An issue with the various datasets for fuel
consumption within DUKES is that not all are available to the same resolution, or
are not available as far into the past as each other.

Non-domestic coal consumption is taken as the category “other” in DUKES Table
2.1.2, which covers consumption that is not for industrial or domestic uses. As
such, this includes agricultural use and “miscellaneous” sources that may not exist
within the scope of the built environment.

Non-domestic liquid fuels consumption from 1990 to 2010 is taken from DUKES
Table 3.1.2 as petroleum consumption by “other final users”, which includes
agriculture, public administration, commerce and other services. To provide a
disaggregated estimate for built environment-relevant sectors, DUKES Tables
3.2-3.4 provide petroleum products consumption from 1998 to 2010 for public
administration and commercial sectors. The trends in percentage contribution to
total petroleum contribution for these two sectors are then used to project their
values backwards from 1997 to 1990. Note that these figures do not include fuel
consumption in public or commercial sector vehicles; this is reported separately in
the “Road Transport” category of DUKES statistics.

Non-domestic natural gas consumption is handled in a similar manner, taking data
from 1990 to 2010 from DUKES Table 4.1.1 for the *“services” category, which
includes public administration, commercial, agricultural and miscellaneous
consumption. Data from 1996 to 2010 for commercial and public administration
sectors is taken from DUKES Table 4.2 and used to estimate consumption for
each sector from 1990 to 1995.

Gas consumption in industry, such as the chemical process sector, is not included
within the scope of the built environment. Commercial gas consumption figures
are primarily for space heating use, although it is possible a small proportion of
non-space heating consumption is captured in this reporting sector as well.

Agricultural fuel consumption figures are excluded from the baseline. Whilst
some portion of agricultural fuel consumption might be for space heating as
opposed to other agricultural processes, it is not currently possible to determine
this value far into the past. However, the size of overall agricultural gas
consumption is low enough for this unknown portion to be considered
insignificant.

While the above method gives a good estimation of total direct emissions in the
non-domestic sector, it is not readily possible to disaggregate the emissions within
this sector by end-use, for instance to remove emissions due to cooking, back as
far as 1990. ECUK Tables 5.6 and 5.6a provide breakdowns of energy
consumption by sub-sector and fuel for 2010 and 2011 respectively, and are used
on the assumption that catering natural gas demand (8.1% of total gas demand in
both years) as a percentage of total demand has been relatively stable between
1990 and 2009, to give an indication of total non-domestic direct, regulated
emissions.

Should better quality data become available in future, these values can be updated
as appropriate.
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4.1.4 Non-domestic Buildings - Indirect Emissions

Total electricity consumption for public administration, transport, agricultural and
commercial sectors from 1990 to 2010 is presented in DUKES Table 5.1.2.
Information in DUKES Table 5.1 allows this to be disaggregated into public
administration and commercial sectors as far back as 1998; before this time it is
estimated based on the visible later trends. The model contains electrical demand
estimates for all sources, but only reports emissions resulting from regulated
energy use.

For further disaggregation into energy end-use, estimates are only available for
2010 and 2011, as provided in ECUK Tables 5.6 and 5.6a (data is presented for
the “service” sector, excluding agriculture). Currently these breakdowns are being
used to project individual components back to 1990, assuming that the ratio of
individual contributions have not varied in time. This is undoubtedly a false
assumption, as appliance use has seen great growth in recent years, and heating
demand has previously been shown to exhibit significant annual variation
depending on weather conditions; further work would be necessary to assess the
likely contributions of each end-use in the baseline year. Despite this uncertainty,
a notable observation is that computing and “Other” electrical energy demands do
not make up the majority of energy consumption in 2010-2011.

Should better quality data become available in future, these values can be updated
as appropriate.

m Other

m Lighting

B Heating

B Hot Water
m Cooling and

Ventillation
H Computing

B Catering

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Figure 12: Indicative historic contributions of electricity consumption demands in non-
domestic sector by end-use (TWh)

4.2 Operational Carbon - Infrastructure

A number of other operational carbon streams are included in the model; these are
presented below.

| |5 March 2013

20



Green Construction Board Low Carbon Routemap for the UK Built Environment

4.2.1.1 Public Lighting

Taken from public sector data in DUKES Table 5.1, public lighting, which is
understood to include space lighting and that on roads and motorways, is reported
separately in the model. The dataset is only available back to 1998, but demand is
shown to be stable at just over 2 TWh per year in this period; this value is
projected back to 1990 and is deemed sufficient for current purposes.

4.2.1.2 \Water and Wastewater

Historical emissions for the water and wastewater sectors were obtained from
ONS environmental accounts data (Greenhouse Gas Emissions by Industry and
Gas, 1990-2010). It should be noted, the ONS data is calculated on a UK resident
basis. In addition, a small portion of these figures may be from sources outside
the scope of the built environment as defined in the Routemap (such as
wastewater from industrial sources).

4213 Waste

Historic waste arisings data was obtained from the Office of National Statistics** as
summarised in Table 2.

Table 2: Historic waste generation in construction industry

Total waste arisings in construction and demolition (million tonnes)
Paper and | Animal General | Metal & | Mineral | Chemical | Total
card and & mixed | scrap & other
vegetable
1998/9 0.2 0.1 53 1.0 93.7 0.0 100.3
2002/3 0.3 0.1 6.4 1.2 114.1 0.0 122.1
2006 0.6 0.1 10.9 2.2 130.9 0.0 144.6
2008 0.1 0.1 3.8 0.5 1215 0.0 126.1

To create a carbon impact per tonnes of waste generated approximations of
current waste diversion rates were combined with DEFRA factors for the
treatment of waste.

Table 3: Current waste diversion rates

Paper Animal General | Metal & | Mineral | Chemical
and card | and & mixed | scrap & other
vegetable
Landfill 29% 29% 100% 1% 5% 100%
Incineration | 25% 25% 0% 0% 0% 0%
Recycle 46% 46% 0% 94% 95% 0%
Reuse 0% 0% 0% 5% 0% 0%
* * *
Assumed Assumed Assumed
same as worst worst
timber case case

1 http://ww.ons.gov.uk/ons/rel/environmental/environmental-accounts/2011/rftwaste.xls
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4.2.1.4 Transport

Non-traction (i.e. buildings/facilities) electricity consumption by the transport
sector is presented in DUKES Table 5.1, and is only available from 1998
onwards. For the purpose of future projections, this portion of operational carbon
Is assumed to be included in the non-domestic buildings category.

The energy used by vehicles (cars, trucks, airplanes, trains, etc.) is not included as
it is out of the scope of the Routemap.

4.3 Capital Carbon

Base data relating to the capital carbon of the UK built environment was obtained
from a database developed by the University of Leeds and the affiliated Centre for
Sustainability Accounting (CenSA)*. The database is founded on a multi-regional
input output (MRIO) model and is the most comprehensive UK inventory of
historical annual GHG scope 3™ emissions.

An introduction to MRIO modelling can be found in Murray (2010)* and their
appropriateness for economy wide and sector level modelling is further
documented in detail in Wiedmann and Barrett (2011)*.

CenSA's input-output model is a two-region model that uses input-output tables
for UK domestic demand, including direct territorial activity and imports from the
rest of the world. A major benefit of this is that the data can be segmented by
streams relating to origin, i.e. it includes imported emission due to products and
services procured from outside the UK and is economy wide and boundary free.

The core MRIO model is based on supply and use tables, data which is publically
available from the ONS. Annual sectorial GHG emissions taken from the UK
national environmental accounts and published by ONS are added to the time
series economic input-output tables. A similar extension is developed for the rest
of world table based on information from a range of sources.

In total, 246 economic sectors and product groups are distinguished in the model,
123 for UK commodities and 123 for imported commodities. Sector 88 relates to
goods consumed by the construction industry. This commodity breakdown
includes categories for all principle materials used for construction and
maintenance of the built environment as well as general construction activities as
defined under the *Construction” Standard Industrial Classification class 42.

Using this data for the period 1990 to 2009 we have a historical built environment
capital carbon footprint, shown in Figure 13.

12 http://www.censa.org.uk/

3 GHG Protocol, Product Life Cycle Accounting and Reporting Standard, 2011. World Resources
Institute (WRI) and World Business Council for Sustainable Development (WBCSD), In:
http://www.ghgprotocol.org/standards/product-standard

! The sustainability practitioners guide to input-output analysis, Murray, J., and Wood, R.,
Common Ground, 2010
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Figure 13: Historical capital carbon emissions for the UK built environment

4.3.1 Capital carbon emissions: sector breakdown

The MRIO data used as the base line capital carbon emissions data was only
available at whole construction industry level. In order to gain a perspective of the
relative impact of the emissions from domestic buildings, non-domestic buildings
and infrastructure sectors a means of disaggregating the data was required.

Comprehensive annual output data is available through the ONS for UK economic
activities. The ‘construction industry’ is represented in this economic ‘output’*®
data. The records represent spend on construction including labour, materials,
overhead and profit®. This data provides a high degree of granularity and can be
separated into different sectors of construction such as infrastructure, domestic
buildings and non-domestic buildings and therefore provide a platform from
which to look at specific sub-sector activity.

By combining the MRIO GHG emission model with the construction spend data
and relating annual datasets it has been possible to create a historical relationship
profile, where there is a consistent trend between the value of output of the
construction industry and the resulting capital carbon GHG emissions.

This approach uses two different sets of economic data both representing the
construction sector and both in part originally recorded by the ONS. Although
recorded annual figures differ between each dataset, this is expected because the
boundaries associated with each dataset are different. The ONS construction
sector spend information which represents economic output is a record of the

15 ONS construction output tables http://www.ons.gov.uk/ons/rel/construction/output-in-the-
construction-industry/september-and-g3-2012/stb-construction-output-2012-g3.html

16 Some small scale construction is excluded such as repair and maintenance by local authority
teams and construction in-house by organisations. In addition, payments to sub-consultants such as
quantity surveyors, architects and consultants are not included in this data.
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direct spend on building and infrastructure (labour, materials, overhead and
profit). By contrast the data in the MRIO model measures all economic activity
associated with the UK construction industry including indirect activities such as
design services as well as those which might occur up stream within the supply
chain.

In applying this approach we have a method to apportion capital carbon to the
different sectors (and sub-sectors) which are of interest to the GCB Routemap.
The ONS output data provides a split between sectors in terms of £million output.
It has been assumed that there is the same ratio of GHG emissions to £million
spent within the different sectors. This is a limitation but is viewed as appropriate
for the purposes of the model.

Using this assumption, the historical split in capital carbon CO.e emissions for the
built environment and headline sectors can be presented and is shown in Figure
14,
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Figure 14: Historical baseline of capital carbon emissions by sector

4.4 Emissions Intensity from Energy Supply

Baseline electricity grid GHG intensity is sourced from Defra data'’, and is
calculated as the total GHG emissions produced from electricity in a given year
(including imports) divided by total consumption. As such, this includes the
effects of transmission and distribution losses.

7 Defra / DECC (2012). 2012 Guidelines to Defra / DECC’s GHG Conversion Factors for
Company Reporting. http://www.defra.gov.uk/publications/files/pb13773-ghg-conversion-factors-
2012.pdf
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4.5 Baseline Emissions for the Built Environment
(1990-2010)
Figure 15 gives the estimate for built environment baseline operational carbon and

capital carbon in 1990, and shows how this has changed moving forwards to
2010.
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Figure 15: Baseline Emissions for the Built Environment (MtCO2e)

GHG emissions were approximately 209 million tonnes in 1990, and reduced by
approximately 9% to 191 million tonnes in 2010. It can be observed that the
majority of emissions reductions occurred in the domestic operational carbon
sector, with non-domestic operational carbon also playing a significant role. There
were slight increases in infrastructure operational carbon and domestic capital
carbon, meanwhile, showed the only increase, whilst simultaneously decreasing
its capital carbon contribution.

To achieve the 80% reduction target by 2050, total operational carbon and capital
carbon from the built environment will need to decrease to 42 million tonnes, or
an additional 78% from 2010 levels.
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5 Methodology and Assumptions for 2050
Projections

This section provides an overview of the methodology used to produce forward
projections of operational carbon and capital carbon sectors to 2050.

5.1 Electricity Grid Decarbonisation

For the purposes of enabling a consistent focus on measures that can be taken to
reduce GHG emissions within the built environment, all scenarios in the
Routemap are based on the same assumption about the declining carbon intensity
of the electricity grid by 2050. This assumption is based on DECC projections and
data and validated against other sources where available. The timeframe for
decarbonisation is 40 years (2010 to 2050).

51.1 Methodology

Since decarbonisation of the grid will be incremental in nature, the rate at which it
takes place will correlate principally with the roll-out of new electricity
generation, as well as the demand from non-power producing sectors (domestic /
non-domestic sectors). Therefore, it can be inferred that the rate of change in grid
intensity’® is dependent upon the balance between investment in generation
(supply) and economic growth (demand). Many institutions have published
forecasts of the rate of grid decarbonisation. A review of the existing literature has
been carried out during the course of the analysis.

To calculate grid intensity, a suitable long term forecast of electricity generation,
consumption and emitted carbon is required. An estimate of grid intensity can be
calculated, by taking total forecast annual COe emissions from power generation
and dividing by total annual electricity consumed. This approach accounts for
losses in energy generation, transmission and distribution.

51.2 Grid Carbon Intensity Factor Estimates

A CO.e emission factor of grid electricity is integral to generating a forecast of
GHG emissions from buildings due to electricity consumption. If there is an
increase in the use of low carbon generation, then it can be expected that the
carbon intensity of grid electricity will decrease overtime.

The most recent and comprehensive data available is published by DECC in the
annual carbon report, “Updated Energy and Emissions Projections (2012)""*°
(UEP). The data provide an indication of the expected change in electricity
production and consumption from power stations and associated carbon for the
next 20 years (2010 to 2030). Importantly it takes into account the effect of recent
changes in climate policy and estimates of generation mix (2010 to 2030).

The DECC data provides five scenarios for carbon and energy production, each
which is a variant on a ‘Central’ forecast and takes into account variations to

18 Grid intensity refers to the GHGs emitted per unit of energy supplied. It is usually expressed as
grams of CO,-equivalent (CO,e) divided by kWh energy use.
9 https://www.gov.uk/government/publications/2012-energy-and-emissions-projections
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energy prices, economic growth and environmental policy. Following the
methodology outlined above, Arup has estimated a grid intensity factor for the
Central UEP forecast equal to 184g CO,e/kWh by 2020 and 1059 CO,e/kWh by
2030. It should be noted that post-2022, DECC’s published forecast data is absent
of any new climate change policy, in anticipation of the upcoming Energy Bill.

The Central forecast has been compared with forecasts produced by other
organisations, as shown in Table 4. While these estimates are useful benchmarks
for the analysis, they may not necessarily reflect recent changes in policy and
generation mix. The University of Manchester, for example, developed estimates
in 2009 for grid carbon levels based on separate assumptions of generation mix
from SKM (2008) and Redpoint (2008); these grid carbon estimates range from
294 to 362g CO2/kWh by 2020. In 2010, the Committee on Climate Change
(CCC) forecast grid intensity to reach 323g CO,e/kWh by 2020 and
39gCO.e/kWh by 2030. Meanwhile Defra’s Market Transformation Programme
estimated in 2008 that the grid intensity would be 423 gCO,e/kWh by 2020. As
shown in Table 4, emissions in the Central forecast are lower than other forecasts.
However, by 2030 the Central emissions estimate is above that produced by the
CCC. It should be noted, Arup was not asked as part of this project to provide an
independent projection, but simply to extrapolate from DECC’s own published
data.

Table 4: Grid carbon factor estimates (gCO,e/kWh)

Forecast 2020 2030
Market Transformation Programme (MTP 2008) 423 n/a
University of Manchester (2009) 294 — 362 n/a
CCC (2010) 323 39
Arup ‘Central’ based on DECC (2012) 184 105

Figure 16 plots the grid intensity estimate for the CCC forecast, the Central
forecast and scenarios that vary from the Central forecast (2010 — 2030)*°. The
scenarios are based on high and low variants to fossil fuel prices and economic
growth. The term “low fossil fuel price” represents low demand for energy below
the Central forecast; “high fossil fuel price” implies high demand for global
energy. Under a high fossil fuel price scenario, the increase in demand would be
met through increased generation, which proportionately would come more from
fossil fuel generation. The economic growth scenarios have the same high / low
effect on energy demand.

20 The “Baseline’ forecast is based on the same pricing and growth assumptions as the ‘Central’ scenario. It
does not include policy which existed before the 2009 Low Carbon Transition Plan (LCTP).
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Figure 16: Grid decarbonisation scenarios based on DECC Data”

5.1.3 Non-CO, Greenhouse Gas Emissions

An issue with the data currently available is that the DECC UEP tables only give
CO, emissions associated with power generation, i.e. the contribution of other
greenhouse gases (methane, SFg, N,O, CFC’s etc.) is not included. The UEP
tables provide individual emissions data for the full basket of GHG emissions,
however these are not broken down into their contribution from power generation
sources. Power station emissions are included within the “Energy Supply”
category of the UEP data, which also includes other emissions sources such as
solid fuel production and refineries. However, the breakdown of emissions for the
energy supply category is not available.

Accordingly, an estimate of the contribution of non-CO, greenhouse gases to total
future power generation emissions has been made. Figure 17 below shows recent
historical trends in non-CO; emissions. There is an observable downward trend in
non-CO, greenhouse gas emissions between 1990 and 2010. Non-CO, greenhouse
gas emissions are a minor contributor when compared to direct CO, emissions
(1.02 MtCO2e vs. 145 MtCO.e in 2010). However, as CO,-only emissions
decrease in the future, the significance of non-CO, greenhouse gases is set to
increase if they are maintained at the current level.

Analysis of emissions from power plants from 2000 to 2010 shows that non-CO,
greenhouse gas emissions from fossil fuels are an average 0.67% of total CO,-
only emissions (R? value of 0.933). Non-CO, greenhouse gas emissions for the
years 2011 to 2030 are therefore estimated by multiplying UEP CO, values by
0.67%. Prior to 2000, the correlation between CO, and non-CO, emissions is less
strong, and non-CO, emissions are a higher proportion of total emissions. This
reflects the significant shift in the UK generation mix over this period from heavy

21 As described in Section 5.1.3, the DECC forecast scenarios of are for CO, emissions only and exclude non-
CO, emissions.
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coal-fired generation to combined cycle gas turbine power generation, which now
dominates fossil-fuelled generation.

MtCOze
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Figure 17: Historic variation? in non-CO, GHG emissions

Applying the 0.67% value to the Central scenario forecasts indicates that non-CO,
component of emissions would be 1.02g CO,e/kWh in 2010 and reach 0.25¢g
CO2e/kWh by 2030. In reality, the 0.67% would shift based on the relative
contribution of non-CO, emissions from coal versus gas. Correspondence between
Arup and DECC indicates that DECC estimate the non-CO; portion of emissions
to reach as low as 0.2% by 2030, indicating a potential over-estimate. This is
addressed in Section 5.1.5, but does not represent a material effect on emissions
trajectories.

514 Change in Grid Intensity

It should be noted that growth in generation capacity will take place between 2012
and 2020. New policy and fiscal incentives including the Renewables Obligation
and Feed-in Tariffs are expected by DECC to facilitate up to 30% of electricity
supply from renewables by 2020. Post-2020 Electricity Market Reform (EMR) is
expected to become the main support mechanism to deliver new generation.
DECC’s current proposals for EMR are still in consultation. DECC’s expectation
is for an increase in renewable generation, which will lead to a reduction in the
size of the electricity market for fossil fuel generation and a fall in associated CO,
output.

?2 Historic non-CO2 greenhouse gas emissions are calculated as the difference between historic greenhouse
gas emissions from power stations presented in the UK Greenhouse Gas Inventory (UK GHGI), and historic
CO2-only emissions from power stations as given in the UEP.
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The data indicates that electricity demand will continue to fall until 2017, under
the influence of energy savings programmes in the non-power producing sector.
Demand is then expected to stabilise and increase post-2022, which represents the
declining impact of policy measures. The overall result of these forecasts indicates
a sharp decrease in power station CO emissions and grid intensity, as indicated in
Figure 18 below.
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Figure 18: UK Power station CO, emissions and electrical demand (source: 2012 UEP™),
with corresponding grid carbon intensity in full CO,-equivalents as calculated by Arup.

5.15 Selected Scenario to 2050

Based on the analysis carried out here, Arup recommended that the project adopt
the DECC Central Scenario forecast to 2030 for modelling emissions due to built
environment electricity demand. This projection has been produced using the best
available data and most up-to-date forecast of generation, consumption and
emissions.

This projection was further refined as described below:

e A factor of 0.67% was initially applied to the Central forecast to account for
the non-CO, component of GHG emissions from 2010 onwards. In reality, the
0.67% will shift over time based on the relative contributions of non-CO;
emissions from coal and gas generation. Correspondence between Arup and
DECC indicates that DECC estimate the non-CO, portion of emissions to
reach as low as 0.2% by 2030. Although DECC estimates the proportion of
fossil fuel generation from coal versus gas will be higher in the shorter term
(up to 2016) and lower in the long term (after 2016), it is proposed for
simplicity that the 0.67% be applied as a constant factor to 2016, decreasing
linearly to 0.2% in 2030 and remaining at this level until 2050. As discussed
in Section 5.1.3, this does not represent a material impact on overall grid
emissions intensity.5.1.2
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e With respect to calculating emissions beyond the Central forecast end date of
2030, it was assumed that grid emissions would continue to decrease at a pace
equal to the five years leading up to 2030 (i.e. 2025-2030, which represents a
9% annual decrease).”®

The final emissions trajectory that has been used for the Routemap is provided in
Figure 19 below.

UEP Central Scenario 9% annual decrease (average from 2025 — 2030)
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Figure 19: Decarbonisation scenario to 2050 used for the Routemap model

5.2 Domestic Building Stock Growth Projections

New build stock growth is estimated using a similar method as that in the
Pathways Calculator. Projections for total residential stock to 2030 are estimated
from an assumed growth rate (1% is the default, which is consistent with
historical trends®*), and an assumed demolition rate of existing buildings (0.1% is
the default as per the Pathways calculator, equating to roughly 26,000 households
per year).

%% Note that, as stated previously, the years from 2022 have not had any possible future policies
mapped onto them, and the speed of emissions intensity reductions slows somewhat. Given the
pace of decarbonisation expected by DECC up to 2022, it could be suggested that the intensity
would reach even lower levels by 2030 than those currently indicated.

?* The Pathways Calculator originally used ONS projections for total domestic stock to 2030,
projecting to 2050 with an assumed 1% annual growth rate from 2030 as per historical trends. For
simplicity and the option of user control, the Routemap model assumes a 1% annual growth rate
from 2012, which produces very similar total estimates for the stock in 2050.
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5.3 Non-domestic Building Stock Growth Projections

Projections for growth of the non-domestic building stock are a key component
underpinning the Routemap model. The two primary data sources used to estimate
growth in floor space were the VOA? and CLG?, with compound annual growth
rates derived from these. It should be noted that neither of these sources covers
the entire range of buildings typologies considered to make up the built
environment in this work, hence growth rates determined here have been used as
proxies. A better understanding and publication of non-domestic floor areas by
occupancy would in future benefit further, more detailed analysis.

Data from the VOA only covers floor space for “Retail”, “Offices”, “Industrial”
and “Other” building typologies. Data from CLG was used to add further
granularity to the “Offices” category, providing data for “commercial” and “non-
commercial” offices. Whilst the VOA data covers the years from 2000 to 2012,
CLG data was only available between 1998 and 2008, giving an eight year
overlap ending at the start of the financial crisis. Whilst VOA data shows
sustained growth in Retail, Offices and Other building types, the relatively higher
rates in the period 2000-2008 might lead to over-estimates.

Table 5 shows the growth rates assumed for the various sectors, and the non-
domestic building typologies assigned to each.

Table 5: Sector growth rates assumed and the building typologies assigned to each

Sector name Growth rate Non-domestic building types assigned
to 2050 (%)
. Retail, Hotel and Catering, Communication and
Retai