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Executive Summary

The political momentum to address the adverse tsffet climate change through both mitigation and
adaptation is mounting. At a national level therSfReview has focused attention on the issue \uithctear
message that we need to act now, or literally payprice at a later stage, stating that the ovecaits and
risks of climate change will be equivalent to lowgat least 5% of global GDP per year, now andviere

This report explores one of the key issues relaedimate change; achieving low Greenhouse GasgjGH
Emissions in the housing sector. This report presidn understanding of the GHG emissions from both
house building (the production of materials usedamstruction) and the direct energy requiremefits o
housing. This is calculated for an average hous¢hén UK. Using this analysis a simple scenario is
presented that documents the future GHG emissibiisechousing sector for both traditional constirct
techniques (on-site) and the “Off-Site Manufactgti(OSM) of a house.

The OSM house clearly outperforms the on-site ¢an8on house in terms of its GHG emissions. The
OSM house that achieves 2006 Building Regulatiowsis produced in the UK has 17% lower emissiadns. |
the OSM house was to achieve Sustainable Homes CGoad 4 then the reduction would be over 30%. In
terms of a comparison with BedZed, it is essentiat the OSM house achieves Code Level 4 to perform
alongside one of the best examples of sustainaistction in the UK to date. If this is the cdisen the
light design combined with high levels of energficééncy offers an excellent response to the clénat
change agenda.

Achieving the reduction required to move towards lparbon living is not easy. Achieving the required
reduction to reach 0.5 tonnes of £@er person is a significant challenge and the natased in the
construction of the standard house exceeds thigdigvithout even considering the energy use and
maintenance. An OSM house does offer a unique opmpoy to overcome this problem. However, the
construction must stand the test of time for theseings to be realised. BedZed offers the solutibn
durability. If a house is built to last for moreath150 years then the GHG emissions from the nahiaput

do become negotiable. This is where flexibility design becomes extremely important. There will be
technologies that have not been invented yet thitallow us to achieve even higher levels of ererg
efficiency and the OSM house does allow the reptece of key components with relative ease.
Retrofitting the existing housing stock has became of the key challenges to reduce carbon emissiod
anything that will make this easy in the futureésy welcome.

Finally, the key challenge is to achieve a higtelexf energy efficiency. The energy use in the haosrill
the key issue and any type of design must prieritigs issue.
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1. Introduction

The political momentum to address the adverse tsffet climate change through both mitigation and
adaptation is mounting. At a national level therSfReview has focused attention on the issue \uithctear
message that we need to act now, or literally payprice at a later stage, stating that the ovecaits and
risks of climate change will be equivalent to lowgat least 5% of global GDP per year, now andviere

The UK has a legally binding commitment under thgo#® protocol to reduce greenhouse gas (GHG)
emissions by 12.5% below base-year level (19909r d¢ive first commitment period 2008-2012. The UK
also has a domestic target to reduce carbon diceddesions by 20% below 1990 levels by 2010 and the
Energy White Paper sets a longer term goal of rieduzarbon dioxide emissions by 60% by 2050 witd re
progress to be achieved by 2020.

The emissions caused due to the direct energy reagants of homes have also been a significant
contributor. Any climate change strategy has tosater how we can heat our homes, provide hot watdr
power our appliances in a way that significantlguees carbon dioxide emissions. In addition to tihése

is also the carbon emissions emitted along the eveopply chain to produce all the materials andipcts
used to build new homes. With the current UK Gowmnt driving forward an ambiguous house building
programme, the challenge is in place to build l@asbon houses that also provide low carbon livingthwW
an average of 223,000 houses being built each wyet#ir 2026, this accounts for a total of 4.24 roitli
houses being built in the UK (DCLG, 2007).

2. Scope of this report

This report provides an understanding of the Greesd Gas (GHG) emissions from both house building
(the production of materials used in constructian)l the direct energy requirements of housing. This
calculated for an average house in the UK. Usiigyahalysis a simple scenario is presented thairdents
the future GHG emissions of the housing sectobfith traditional construction techniques (on-séejl the
“Off-Site Manufacturing” (OSM) of a house.

In both examples the materials used to build theses are taken into account along with the issfies o
waste, contingency and over-ordering.

It is important to note that this is a first attanp explore the contribution that OSM could makethe
housing sector in addressing the issue of clim&i@nge mitigation. This report does not discuss the
economic or social issues of OSM. It does not exptgher environmental issues; it purely conceagan

the “carbon footprint”. These are preliminary calculations and it is ssted that a more detailed study
would be required to improve the precision and eamoy of these results. However, in support of the
conclusions drawn in this report, the methodologgdudraws on some of the most advanced techniques t
understand the carbon footprint of materials aretggn Using Economic Input-Output Analysis, comlgine
with process life cycle analysis, the report pregich level of accuracy and precision that ensinasthe
results are meaningful.

! For a definition of the term ‘carbon footprint' see Wiedmann and Minx (2007).
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3. Current Situation — GHG Emissions

As with any issue, the reasons why the UK requé@snany new houses are manifold. It is not possdle
provide a detailed understanding of the issue withis report. However, one of the key reasondés t
decline in average household occupancy. More amé,npeople want to live alone or in small familyitan

In 2004, the average household occupancy was By£2026 this is expected to reduce to 2.09 (DCLG,
2007). This issue does cause difficulties whemgiteng to reduce the carbon footprint of a housghal
single person household does use more energy peorpthan a four person household. Therefore, dadste
of seeing a decline in energy use by households iBestill a small annual increase in the regibt% per
year.

In addition to housing, there are numerous othsrds that contribute to the carbon footprint ofdalierage
UK household. The construction, maintenance andéionld energy requirements equate to 25% of total
GHG emissions in the UK. Figure 1 provides a breakuof the current situation.

Capital Investment,
15%

Housing, 25%

Public Services, 9%

Private Services, 9%

Transport, 19%

Consumer ltems,
12%

Food, 11%

Figure 1: Breakdown of GHG Emissions in the UK (2001), Source: Stockholm Environment Institute, 2007,
Resources and Energy Analysis Programme.

The total GHG Emissions in 2001 were 13.3 tonnegppeson. This takes into the emissions incurredal
the supply chain to provide all the products corsdinm the UK, wherever they were produced. To aghie
the 60% reduction documented by the UK Governntiig,would mean that the average person would only
emit 5.3 tonnes. Further evidence from the IPC@ssi$ that this is simply not enough and is disngss
reduction in the region of 85% (2 tonnes per pexson

Housing has to contribute significantly to thiswetion. It is an area where the UK Government picdén
has more control than over other consumption diesyi such as the delivery of services from outsice
UK. If housing was to reduce its GHG emissions 5968this would represent 0.5 tonnes per persof,lor
tonne per household.

It is useful to understand what makes up the hgusattegory to understand how to achieve the 0.5e®of
GHG emissions target. Figure 2 provides this inftron.
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Maintenance and
Housing repair of the
Construction, 8%  dwelling, 4%

Electricity, 42%

Gas and other fuels,
46%

Figure 2: Breakdown of GHG Emissions in the UK (2001), Source: Stockholm Environment Institute, 2007,
Resources and Energy Analysis Programme.

The category is dominated by the energy use ohthese as opposed to construction and maintenaate th
accounts for 12%. However, this 12% accounts 48 @onnes of GHG emissions. Therefore, if we were t
ignore the emissions from the construction and teasnce of a house then we would have to reduce the
emissions from the energy use of the home by 96%.

Therefore, the challenge is two fold:
1. Build homes that require less than 0.1 tonnes agfe@HG emissions to build and maintain.

2. Reduce energy use of homes to reach GHG emissidhd tonnes.

4. Policy Context — Building New Houses

Current UK Government policy has concentrated am eéhergy performance of housing more than the
energy embodied in the materials used for constnmucDCLG’s proposed policy framework for the energ
performance of new developments is based aroundi3 policy levers:

e The planning system: DCLG's draft planning politgtemenPlanning and Climate Changeets
out how the location and design of new developmeatscontribute to the reduction of the carbon
footprint of a local area.

* The Code for Sustainable Homes is a voluntary stahaith six levels of energy performance
designed to increase the environmental sustaitpbilihomes. All government funded housing will
be built to at least Level 3 of the code.

¢ Building regulations provide mandatory baselingaratl! standards for energy use in buildings. The
regulations progressively raise the energy efficyestandards of new homes over time.

The UK Government has proposed targets for impptire energy performance of building regulations in
line with the new Code for Sustainable Homes dsvid:
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* All homes built to Code level 3 by 2010 — 25% meffcient than existing building regulations
e All homes built to Code level 4 by 2013 — 44% mefficient than existing building regulations
* All homes built to Code level 6 by 2016 — ‘zerolwam homes’

We have established what this means in terms dboadioxide emissions from these new houses beatow i

Figure 3.
3.50
3.00
2.50
m 0 Construction
2 2.00
g B Gas
i/ 0O Household maintenance
o 150 A o
O o Electricity
1.00 4
0.50 -

Baseline (2001)
CFSH Level 1
CFSH Level 2
CFSH Level 3
CFSH Level 4
SFSH Level 5
CFSH Level 6

2006 Regulations

Figure 3: Carbon Dioxide Emissions of the Code for Sustainable Homes, Source: Stockholm Environment
Institute, 2007.

The 2006 Regulations represented a significant shiperformance over the average home (nearly 50%)
After this the Code for Sustainable Homes graduidlgtens the regulation to achieve increasingltdve
efficiency rating. Level 1 to 4 shows this increnanmprovement with level 4 delivering 20% savingm

the 2006 Regulations. After this the improvements even more substantial. However, at present, no
examples can be found of a development that waaddlir Code levels 5 and 6. While level 6 is desdrése
“Carbon Neutral”, the construction of the home glamith the provision of renewable energy does have
some carbon output.

There is also the issue to take into account thexethas historically been an annual rise in endeggand
from households. This equates to a 0.7% increaseadrncrease in energy demand. Therefore, these
emission factors are an under-estimate of housnpgct in 10 years time.

5. The Carbon Footprint of Constructing an On-Site House

To calculate the carbon footprint of an on-site starction house the assumptions and results hase be
divided into the three sections of constructioninteance and energy performance.
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5.1 Construction

Four key components have been taken into accourgonsidering the carbon dioxide emissions of
constructing a new home in the UK. These being:

* Material and product requirements of the building home

e Contingency ordering (assumed to be an extra 108teofinal house)
» Over-ordering (considered to be 10% of the finalde)

« Waste (considered to be 10% of the final house)

In 2003, SEI undertook an analysis of four difféereousehold categories (Wiedmann et al, 2003). This
analysis calculated that the average weight ofva lmeme in the UK was 117 tonnes. Taking into actoun
the issues listed above, it is estimated that &&8ds of materials are required to build the awetagne in
the UK. According to the English Housing ConditioBsrvey, produced by the DCLG, the average floor
space of a new house is 85.5 ifhis is marginally higher than the average inlitig approximately 82 f
Therefore, providing one Tof floor space for an on-site site house requir8gonnes of materials.

There is a considerable variation in the carborxidam emissions of different materials meaning tttnezt
material composition of the house is extremely ingoat. For example, the carbon dioxide emissionsnef
tonne of aluminium are approximately six times leigthan a tonne of steel. Using co-efficients depved
by SEI, using both Life Cycle Analysis and Inputt@ut Analysis, the carbon dioxide emissions pen&on
of materials was developed. For further informataonthese methodologies please wsitw.sei.se/reap
Table 1 provides an understanding of the matedalposition of an average house in the UK.

Table 1: Material Composition of an On-Site Construction House, Source: Wiedmann et al, 2003.

Materials, Bricks, Mortar
Bricks and kg ! kg Products kg
and Frame
Mortar
Spoil/fill | 26,400 Steel 580 Mineral wool 280
insulation
Concrete Pol th
28,000 . o yure ene
(mass/slab) Paint 75 ins. (HCFC) 470
Hardcore 11,600 Glass 720 Aluminium 250
Sand 960 Timber 2,900 Windows/doors | 5,
uPVvC
. Rein. Windows/doors
Blocks (light) 9,100 beams/lintels 940 timber 500
Bricks 15,840 Linoleum 2 Plasterboard 1,350
Mortar 9,000 Ceramic tile 210 Plaster 3,000
Membranes 1,200 Roofing tiles 2,400
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The total carbon footprint of building a new housenearly 56 tonnes. Therefore, to build a new bous
emits the same level of carbon dioxide as neavlg tIK residents. Ten materials / products accoant f
90% of the carbon footprint of house. These haenlstown below in figure 4.

7,000

6,000

5,000

4,000

3,000

GHG Emissions (kg

2,000

1,000

Steel -
I
Mortar -
I

;
) QO —~ [} = [%]
2 2 8 g0 E £ g8 ¢ o
o ° QL = Q o S
S . = 0 S O £ = £ o} IS
S5 e v ° T £ m [= 30 8
28 s 9 5 < 3 gg [S
& & © £ 29 < e 2
ko] ~ £ ke
£ o £

Figure 4: GHG Emissions by Material Type of an On-Site Construction House, Source: Stockholm
Environment Institute, Resources and Energy Analysis Programme

In addition the carbon dioxide emitted along thppdw chain to produce the materials, the transportaof
materials to the construction site was also takémaccount. It is assumed that the majority ofrttaderials
are from the UK. Due to the weight of the materthls is generally common practice. A further asgtiom

is that the materials are brought by truck andmiparted they shipped and then trucked to theirl fina
decision. In terms of the GHG emissions of thegpanmt of all the materials it is estimated thasthamount

to 2.6 tonnes. Therefore, adding this to the t&HIG emissions of all the materials and productegia
total of 58.5 tonnes. Transport impacts equatesimall percentage of the total impact (under 5%).

For comparative purposes, we can now consider tH6 @missions for mof floor space. As previously
mentioned, the average floor space of a new buildsé is 85.5 fy equating to 0.66 tonnes of GHG
emissions per frof floor space.

An additional issue to take into account is theglnty of the construction. Theoretically we caswase
that if a house lasts for 100 years then we areffgct, consuming one hundredth of the house gaah
Evidence suggests that a house built today will égproximately 70 years. This is, of course, ayver
difficult figure to substantiate, however it is yeimportant that the longevity is taken into accoun
Assuming that a house does last for 70 years, tiercarbon dioxide emissions from the construcabn
house equate to 0.83 tonnes a year.

5.2 Maintenance

It is also important to take into account the mamaince requirements of a house. Using an Econompid-|
Output approach we are able to calculate the nadgeréquirements to maintain the average housken t
UK. This methodology is employed within the Res@sr@and Energy Analysis Programme, developed by
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the Stockholm Environment Institute. The GHG enaissifrom the maintenance of the average house are
0.14 tonnes per person.

5.3 Energy Performance

In addition to the carbon footprint of constructmgew home, this report also takes into accownettergy
used by the occupants of the house during its Asédnighlighted the average person in the UK emi& 2
tonnes of carbon dioxide from the energy use iir theme. With an average household occupancy qf 2.5
this equates to a household carbon footprint obrihés. As there has been significant improvement in
building regulations, a new house performs remdykbbtter than this UK average. If a house is bialt
meet 2006 Building Regulations, it is estimated tha carbon dioxide emissions of an average haldeh
would be 4.5 tonnes, a reduction of 2.5 tonne®mparison to the UK average.

6. The Carbon Dioxide Emissions of an Off-Site Manu  factured House

The same structure has been used for the OSM hmsisgbove to allow easy comparability. There is
potentially significant variation in the materialsed to construct different OSM houses. This stadhot in

a position to investigate a range of OSM housesisinding one example provided by Hamson Partngrshi
designed by the architect John Prefver.

In terms of the selection of the design, a “studgroom” was selected, partly because of data issues
also because it offers a useful comparison as iniaffect, a miniature house with a bathroom,rbeth,
study etc. For comparability, all the results dreven in GHG emission perin

6.1 Construction

In terms of the material requirements pérthe OSM house does require fewer materials. Tdyme the

10 nf house requires 1.8 tonnes of materials. Theralacefewer materials used in the design. Therts@s a
less waste, over-ordering and contingency dueddatt that the houses are made in a factory. ddyme a
conservative estimate it is assumed that 15% ofwight of the house is generated as waste. Table 2
provides an understanding of the material compwsibf an average house in the UK.

Table 2: Material Composition of an Off-Site Manufactured House, Source: John Prewer (pers comm.)

Products kg Products kg
Steel 306 Windows/doors uPVC 100

Paint 4 Windows/doors timber 292

Glass 17 Fermacell 747
Timber 138 Plaster 142

Rein. beams/lintels 45 Ceramic tile 10

% For further information on the design please contact Hamson Partnership.
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Assumptions were made on the material compositfdhebathroom unit that weighed 355 kg. In terrhs o
the GHG emissions of these materials, the totapuwiutvas 2.4 tonnes per unit. With the unit being
approximately 10 A this equates to 0.25 tonnes pér m
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Figure 5: GHG Emissions of an OSM House of 10 m2.

There is also the transport to take into accouné fact that the house is produced in a factorydasigned

to fit into a standard container does mean thatoitld be produced in any country. For comparative
purposes, we have calculated the difference betweediucing the product in the UK and in China.slt i
important to note that only transport issues haenlchanged and not efficiency of production. éf iouse
was produced in the UK then the transport emissiemdd equate to 0.17 tonnes. This accounts foro7%
the total impact of the house. If the product wasdpced in China the GHG emissions would be 0.52
tonnes, equating to 18% of the total impact.

6.2 Maintenance

With no specific figures of the maintenance requieats of the OSM house, the UK average is assumed a
with the on-site construction house. It should bged that durable products have been used whesgbp®s
throughout the design so this does produce a comtber estimate. The GHG emissions from the
maintenance of the average house are 0.14 tonngefs®n.

6.3 Energy Performance

While fewer materials are required to construciC8M house, it will still need to achieve a highdkof
energy performance. Ideally, it should be possibleonstruct an OSM house that would achieve a high
level in the Code for Sustainable Homes. As a miminthe house must obviously achieve 2006 Building
Regulations. The architect is convenient that theigh will both meet and exceed the regulation.hWit
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design features such as vacuum insulation anddtenpal for renewable energy built into the dedigere

is every possibility that this is the case. Tharalgo the issue that the more features requiedrénater the
weight of the structure. The renewable energy teldgy alone would mean increased weight. However
many of the additional features are not the “heasgristruction materials that the OSM has avoidadh s
as concrete, mortar and bricks.

Again, to produce a conservative estimate it isreged that a 20% increase in weight is requireactieve

a high level of energy efficiency to achieve ledein the Code for Sustainable Homes. In the various
examples shown below, it is assumed that the cudesign will meet Building Regulations 2006, ahd t
slightly heavy design will achieve level 4. The exdes of different production locations have alser
included.

2,500

2,000 -

1,500 m HH Maintenance
m Energy Use
W Transport of Materials
' Materials
500

Standard OSM - Standard OSM - Level 4 OSM - Lewel 4 OSM -
UK Production China UK Production China
Production Production

-
o
o
o

GHG Emissions (kg)

Figure 6: GHG Emissions of OSM Houses — Four Examples

The greatest reduction is GHG emissions are acthidtwough the UK produced, highly energy efficient
house. In comparison it outperforms the China pcedihouse that achieves Building Regulations 2§06 b
17%.

7. Comparison of Results and Conclusions

To provide a meaningful comparison all the reshitge been are shown in GHG emissions per m2. Added
to previously discussed examples documented inrdpert is “BedZed”, the “Eco-Development” near
London. The GHG emissions for construction, maiate@ and energy use have been shown for each
example.
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2,500
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| Transport
1,000 1 Materials
500 - |
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UK Production China Standard - UK Production - China Site
Production Production Construction

GHG Emissions (kg

Figure 7: Comparative Analysis of Building Types

The OSM house clearly outperforms the onsite cangtm house in terms of its GHG emissions. The OSM
house that achieves 2006 Building Regulations aondyted in the UK has 17% lower emissions. If the
OSM house was to achieve Code Level 4 then thectiestuwould be over 30%. In terms of a comparison
with BedZed, it is essential that the OSM housdeass Code Level 4 to perform alongside one ofbiast
examples of sustainable construction in the UK dtedlIf this is the case then the light design dosetb
with high levels of energy efficiency offers an ellent response to the climate change agenda.

Other elements of the design also offer practioait®ns to the reducing GHG emissions. The re-ilisab

of the design ensures that the materials can eithaecycled or the building itself can be tranggbito a
new location. The style also presents an oppostunitachieve an important achievement of the BedZed
Community Living. There is no doubt the social ptvenon of lower household sizes will result in ¢gea
energy use. Building shared places for leisurelamag into design can help to reduce the impactha$
trend.

Achieving the reduction required to mode towards karbon living is not easy. Achieving the required
reduction to reach 0.5 tonnes per person is afgignt challenge and the materials used in thetcoction

of the standard house exceeds this figure withwaheonsidering the energy use and maintenance. An
OSM house does offer a unique opportunity to ovarcdhis problem. However, the construction must
stand the test of time for these saving to be sedliBedZed offers the solution of durability. Iheuse is
built to last for more than 150 years then the Gét@Bssions from the material input do become neblgia
This is where flexibility in design becomes extréymienportant. There will be technologies that hana
been invented yet that will allow us to achieveretigher levels of energy efficiency and the OSMis®
does allow the replacement of key components eiidtive ease. Retrofitting the existing housingktoas
become when of the key challenges to reduce cabissions and anything that will make this easthan
future is very welcome.

Finally, the key challenge is to achieve the higbel of energy efficiency. The energy use in thendas
still the key issue and any type of design musdrgirse this issue.
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