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Key Messages and Recommendations

The Task Group concluded that the currently proposed 70% improvement over 2006 is not
deliverable as a national minimum standard for all dwellings from 2016 as it would significantly
constrain the range of house types (and designs) which could be built.

From 2016 the ‘built performance’ emissions from new homes should be required not to
exceed the following limits: *

e 10 kg COyq)/m?*/year for detached houses >
e 11 kg COyeq /m?/year for other houses (semi-detached, terraced etc)

e 14kg COz(eq,/mzlyear for low rise apartment blocks.

The precise figures will need to be rebased in due course when the compliance tool for 2016
(SAP or equivalent) is available, which will (among other things) incorporate updated 2016
carbon emissions factors.

There should be an option to achieve compliance on a development by reference to the
aggregate of the limits which would otherwise apply to the individual dwellings on that
development. Further work is needed to ensure that this provides appropriate flexibility yet
delivers overall compliance.

The addition of the overall zero carbon homes policy (Carbon Compliance and Allowable
Solutions) to the range of other regulatory burdens (such as affordable housing and section
106) is of significant concern, particularly for some regions and sites. However, the choice of
one specific level of carbon compliance rather than another, within the narrowed range
considered by the Task Group®, in itself has a relatively limited impact on site viability.

Further work led by the industry, with appropriate regulatory support from Government, is
needed to identify the scope and scale of the potential gap between designed and built
performance of new homes, and put in place measures to close the potential gap.

Further work by the Task Group is required on high rise apartments, regional weather,
localism and sensitivities to the price of Allowable Solutions. This work will be concluded in
January 2011.

! These levels are based on the assumption that Allowable Solutions cost £75/tonne CO,. The Task Group will
consider if the recommended carbon compliance levels are sensitive to the different assumptions about the
price of Allowable Solutions. £75 is the average cost assumption adopted in DCLG Zero Carbon Homes: Impact
Assessment (December 2009).
% Carbon compliance limits should be set as absolute amounts rather than as percentage improvements on a
previous standard, as recommended by the Carbon Compliance for Tomorrow’s New Homes Task Group.
? These recommendations apply to built performance, whereas the 2006 Regulations relate to designed
performance. For this reason the recommendations cannot be directly compared with current standards.
However, in addition to any improvement achieved by moving from designed to built performance, the %
improvements on the 2006 standard would be approximately:

e  60% for detached houses

e 56% for other houses

e  44% for low rise apartment blocks

*In consulting on its recommendations, the Task Group focused on a narrowed range of options from 14 to 8
2
kg COeq /m“/year.
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Background

In July 2010 the Government made clear its commitment
to ensure that from 2016 new homes can be zero carbon. Allowable

This is to be achieved by a combination of: solutions
On-site low/zero
Carbon Compliance measures, which are carbon energy :
L oy (and connected heat) Setting a
undertaken on the individual building or
o standard
development; and Energy efficiency

Allowable Solutions, which secure carbon

savings away from the site. Figure 1 The Zero Carbon policy

In pursuit of its commitment, the Government has already tightened Building Regulations, and has
made a commitment to tighten them further.

However, the Government has recognised that the further change which had previously been
proposed, to tighten the carbon compliance standard by 70% from 2016°, is particularly challenging
and may not be achievable in all cases. It has commissioned the Zero Carbon Hub to research and
examine the evidence and to recommend an appropriate minimum national carbon compliance level
for 2016, consistent with the overarching zero carbon objective, which will be applicable to all new
homes.

The Zero Carbon Hub has convened a Task Group, with members drawn from industry and other
interested parties, to undertake this work. This report sets out the headline recommendations of the
Task Group on the carbon compliance standards for new homes from 2016, which will start to be
built in significant numbers from 2020. The report and its recommendations represented the
consensus view of the Task Group®.

Some important work remains to be done on related issues, and for that reason this is an interim
report.

Finally in terms of context, the Task Group recognises that its recommendations for 2016 Building
Regulations will need to be considered by the Building Regulations Advisory Committee (BRAC) and
be subject to public consultation prior to implementation.

Carbon Compliance is a target carbon
emissions level for a home, achieved by:

1 the performance of the fabric

Together with

2 the performance of low/zero carbon heat and
power technologies on or in the dwelling, and any
technologies providing connected heat.

Connected heat

Figure 2 Scope of Carbon Compliance

> Based on the assumptions laid out in the Definition of Zero Carbon Homes and Non-Domestic Buildings
consultation document, published by DCLG in December 2008

® The Home Builders Federation (HBF) support the recommendations of the Task Group. The House Builders
Association (HBA) also on the Task Group has subsequently stated that it cannot support the level
recommended for attached and detached houses.
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Figure 3 The context of the Task Groups work, showing the recommended levels for carbon compliance

Units of measurement

An earlier Zero Carbon Hub Task Group found’ that setting carbon compliance standards as a
percentage improvement over a previous standard is increasingly difficult to understand and
at risk of causing perverse outcomes.

This report, accordingly, refers to carbon compliance in terms of an absolute limit on the
predicted emissions of carbon dioxide (or equivalents in other greenhouse gases) per square
metre of internal floor space. This is measured as an amount in kilograms per square metre
per year (kg COz(eq)/mz/year).

7 Carbon Compliance for Tomorrow’s New Homes, Zero Carbon Hub, July 2010, recommendation C1




Key factors for determining the carbon compliance level

Technical feasibility

The Task Group considers that the carbon compliance limit must be achievable using current
technologies, not dependent on speculative future developments. However, it is reasonable to make
allowance for future improvements in the cost and performance of existing technologies, as their use
becomes more widespread (across a much wider field than new housebuilding).

The Task Group also considers that the carbon compliance limit should allow for a range of technical
approaches, and should preferably not depend on a single technology.

Heat generation (for space and water heating) is currently the most significant use of regulated
energy in the home. A range of technologies are available to provide low and zero carbon (LZC) heat
generation.

However, as the carbon compliance level is reduced it becomes increasingly difficult to achieve
simply through LZC heat generation. LZC electricity generation is also needed, for which there is a
much smaller range of options. In practice, the only mainstream technology currently usable for a
wide variety of individual dwelling types and locations is photovoltaic (PV) panels, which are usually
installed on the roof and convert light to electricity. Other options, such as wind turbines, can only
be used in some locations and their use should not therefore be the basis for setting a regulatory
limit.

As such, the computer modelling undertaken for the Task Group assesses feasibility by reference to
the amount of PV required. The Task Group considers that if the area of PV panels required exceeds
40% of ground floor area, design to maximise solar orientation is increasingly likely to be required,
which will not be feasible on every site. The choice of design features such as dormers, or designs to
fit in with a local vernacular style, would also be affected. Accordingly, the Task Group considers that
40% is the maximum reference point for feasibility.

PV is used in this model simply as a proxy for the degree of technical challenge each level represents.
It does not imply reliance on PV, and developers would be free to choose any other approach which
achieves the same performance.

Figure 4 How the 40% ground floor area threshold translates into PV area on typical roofs

Where feasible, shared, community or district heating schemes can be an effective means of
achieving carbon compliance. However, they are not always available for small or in-fill
developments or individual houses, and as such cannot form the basis for a national minimum
standard.

On this basis, the Task Group decided that for a particular carbon compliance level to be considered
technically achievable, for houses individual options consisting of at least one gas and one electric
option should be available. For apartments, the considerations should be wider to include shared
(in-block) options. It should also be noted that technologies utilising very low carbon fuels (such as
biomass) would also be an option at the levels being considered, subject to local constraints.
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Parameters for modelling

The Task Group selected a representative group of technical options, whose effectiveness was
then modelled for a range of different dwelling types. The core technologies modelled
included: gas boiler, air source heat pump, ground source heat pump, solar hot water, direct
electric, biomass boiler, biomass combined heat and power, and gas combined heat and
power.

The different dwelling types chosen were a detached house, an end of terrace/ semi-detached
house and a mid-terrace house, and apartment blocks of 3, 4, 8 and 20 storeys. Some
additional types were also modelled as part of a limited sensitivity analysis. Two different
standards for energy efficiency of the building fabric were modelled.

The modelling was carried out in a modified version of SAP2009, utilising predicted 2016
carbon emission factors®.

Selected outcomes from the modelling work are presented in Figure 5. It can be clearly seen how
tightening the carbon compliance limit puts technical feasibility increasingly at risk. The table also
shows very different results for detached houses, “attached” houses and low rise apartments. On
this basis the Task Group concluded that it would be appropriate to set different carbon compliance
limits for different dwelling types. The Task Group has taken these results into account in arriving at
its recommendations.

Carbon Compliance Level

kgCOuqmyr  BrsflzQuofsfcllefl2
Approx % reduction from 2006 Part L 44% 70% 100%
eectric swe-siw [l U 00 & @B B EE
Detached  options aswe HE Bl B ' B H BHE BN
House cas cs:sw [N O 0 & & @ & B
options Gas . . . . . . . . . . . .
End Electric ASHP + SHW . . . . . . . . . . .
=SSR I N [ [
e e wesw Wl EH W B E N BN EE
options Gas . . . . . . . . . . .
G HE HE HE BN BN 5@ @S
options CEBEIP . . . . . . . . . . . . . .
4-Storey CELT HE TR | H B HY HY EHE
Apartment  Electric ASHP +SHW H 2l = H H EHE BN BEER
Block options s P B BN BN BN EE EE EE
Gas ~ GastsaW HE B B B BN R EE
options  Gas Sl e b e N
Fabric specification * % i‘ % i‘ % i‘ % i‘ E: §' % i‘ % i‘ % i‘
> Area of PV required, as percentage M . 25% to . T SE/SW facing, 45 deg pitch,
X of ground floor area T 40% 80% 80% none/ v. little overshading

* FEES = Minimum Fabric Energy Efficiency Standard for 2016; Adv. = Example higher fabric specification

Figure 5 Technical feasibility, expressed as a function of PV area required to achieve various Carbon
Compliance levels. [Refer to the Glossary for an explanation of terms used]

® The predicted 2016 carbon emission factors were derived according to the methodology proposed in the
Carbon Compliance for Tomorrow’s New Homes report, Zero Carbon Hub, July 2010




On the basis of the technical evidence, the Task Group concluded that the currently proposed 70%
improvement over 2006 is not deliverable as a national minimum standard for all dwellings. It would
significantly constrain the range of house types (and designs) which could be built and the locations
where they could be built. In particular, it would inhibit the building of apartments.

Development “Averaging”

Areas within a development may have particular constraints which restrict the efficient use of solar
technologies; they may for instance be poorly oriented or overshadowed by trees or other buildings.
Therefore it may be unnecessarily restrictive, and problematic, to require each individual dwelling on
such sites to achieve the prescribed standard.

The Task Group recommends there should be an option to achieve compliance on a development by
reference to the aggregate of the limits which would otherwise apply to the individual dwellings on
that development. Developers would be free to choose how far to take advantage of this flexibility.

This is not a new concept, indeed buildings containing multiple dwellings already allow the use of
block averaging to demonstrate Building Regulations compliance.

There are practical constraints which will prevent too great a divergence in the performance of
different homes on the same development site. However, further work is needed to ensure that this
provides appropriate flexibility yet delivers overall compliance. Any “averaging” scheme would need
to be carefully designed to address issues such as phasing of a development site and compliance
checking, but would need also to avoid undue bureaucracy which would negate the intended
benefits.

Cost

Achieving a zero carbon standard is not cost free. The additional cost will comprise carbon
compliance measures (fabric and on-site technologies) plus Allowable Solutions. As the price for
Allowable Solutions is not yet known, the Task Group has used an illustrative figure of £75 per tonne
of CO, over 30 years®. In its final report the Task Group will examine how far its recommendations
for carbon compliance standards may be affected if this figure is changed.

The Task Group has modelled the total additional capital cost of the Zero Carbon policy at various
carbon compliance levels, and derived the marginal cost of each additional 1 kg COz(eq)/mz/year
saving which is required to be achieved through carbon compliance. The model also takes into
account that as the carbon compliance standard is tightened, the emissions required to be mitigated
by Allowable Solutions is reduced. Overall, assuming Allowable Solutions at £75/tonne, the net
additional cost of each 1 kg COz(eq)/mz/year saving may be within the range £300-600 per dwelling,
depending on dwelling type. If cost reductions over time are taken into account, this may reduce to
£80-175 per dwelling in 2016. See Figure 6 for an example.

The marginal cost of each 1 kg change in the carbon compliance level, within the narrowed range
considered by the Task Group, is relatively small. However, any additional cost imposed on a
housebuilding scheme may make it not commercially viable. In practice, total costs include not only
land purchase and construction costs but also regulatory demands of various kinds, including
requirements from local authorities for affordable housing, contributions under Section 106 or the
Community Infrastructure Levy, and other burdens.

It is not the purpose of this study to attach specific figures to these other regulatory costs, which in
any event may vary greatly from one scheme to the next, depending on the area of the country, the
local authority and indeed the individual site. Where affordable housing or s.106 contributions are
not required, the additional cost of zero carbon may form a significant part of the total regulatory
burden; but where these other requirements are made, the additional cost of zero carbon may well
represent only a comparatively small proportion of the total.

° As adopted in DCLG Zero Carbon Homes: Impact Assessment (December 2009)



The Task Group recognises that site viability is a critical issue. The achievement of zero carbon will
have an impact on the commercial viability of housebuilding schemes, especially when taken
alongside the other demands of public authorities and the effect on schemes where land has already
been purchased or is of low value.
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Figure 6 Additional capital cost of zero carbon above 2010 regulations, end of terrace house
—shown with learning rates which anticipate the cost in 2016

Whilst focus of the Task Group was on the carbon compliance level, Figure 6 also shows the
significance of the cost (per tonne of CO, emissions) of Allowable Solutions, which is yet to be set.
The Task Group considers that the wider picture on costs must be recognised and has taken this into
account in arriving at its recommendations.

Wider factors

The Task Group has examined a wide range of other factors which might in principle have a bearing
on where the minimum carbon compliance level should be set. The Group’s analysis suggests that
some of these will have a small but definite impact, including:

o efficient use of natural resources, notably biomass. At the recommended carbon
compliance levels, biomass is only one of several technologies available. Tighter limits would
be increasingly dependent on the availability of biomass, a finite resource for which there are
other demands elsewhere in the economy;

e the benefit to householders, and to society more generally. Householder benefits may be
measured in terms of lower energy costs; society benefits in terms of reduced carbon
emissions. Lifetime cost benefits for householders increase gradually with tighter carbon
compliance standards, but the impact is small. The Task Group has not assumed that the
Feed-in Tariff and Renewable Heat Incentive will continue to be available in 2020, the time at
which the majority of new homes being built will fall under the 2016 Regulations. Tightening
the carbon compliance standard in itself also achieves gradual benefits to society, but this
has to be offset by the corresponding reduction in benefits from Allowable Solutions, which
are at this stage unknown;

e the need or opportunity for local variations. There is a trade-off to be made between the
simplicity of a national standard and the desire of local communities and authorities to
reflect local circumstances and aspirations. The Task Group intends to return to the
implications of this for carbon compliance standards in its final report.



The Task Group has considered a range of other issues which may have implications for industry
(housebuilders, designers and suppliers including the energy industry), householders and
policymakers in government at all levels. But the Group’s analysis suggests that, in terms of these
other consequences, it makes relatively little difference whether the carbon compliance limit is set at
14 or 8 kg COz(eq)/mz/yearm, or somewhere in between. The issues examined by the Task Group
include:

e householder health and wellbeing. Any implications from the choice of materials and
technologies, and the impact of changes in fuel costs and savings on fuel poverty, arise
equally at different levels of carbon compliance;

e desirable homes on a mass scale. It is unknown at this point how house purchasers will
react to the different design and technology solutions available;

o deliverability of new homes. There is a wide range of impacts including on the demand for
professional and trade skills, the supply and availability of materials, and possibly on
development densities. Very similar impacts arise wherever the carbon compliance standard
is set within the range of options considered by the Task Group;

e energy infrastructure and security. The technical advice received by the Task Group is that
the capacity of the grid to cope with changes in the pattern of demand arising from carbon
compliance measures does not materially change within the performance range considered,
given the trend towards smarter network management;

e monitoring and enforcement. Any implications for how future compliance is to be assessed,
including the effect of complexity and the demand for new skills in the assessment process,
arise whatever level of carbon compliance is chosen;

e consumer behaviour and perceptions. Future households may respond to the inclusion of
LZC technologies in different ways which cannot currently be predicted;

e UK targets for renewable energy and CO, emissions. The choice of a specific level for
carbon compliance is not material to the contribution that can be made to legally binding
national targets, given that whatever level is chosen, residual emissions will be mitigated
through Allowable Solutions.

Designed performance and built performance

A previous Zero Carbon Hub Task Group report™ drew attention to the potential gap between the
calculated (designed) performance of new homes and how they perform when built. The evidence
to date that built performance falls short is drawn from a very small base. But the scale of the
shortfalls identified is significant, relative to the carbon compliance levels being considered, and
important: none of the homes tested met their designed performance, although a few were quite
close. This was not a compliance problem. The homes whose built performance was tested will have
complied with the regulations of the day.

Ensuring what is designed is actually delivered will represent a significant challenge for the whole
industry, including designers, the supply chain, and housebuilders. The effort required should not be
underestimated. However, the arguments for embracing the need to close the performance gap are
also strong. The risks otherwise are that new home owners will not get the warm, low-energy homes
they expect, housebuilders will incur additional costs without delivering the intended outcome, and
the Government’s target for carbon emissions will not be met. In the context of new low energy /
carbon homes, aiming to meet a specific carbon compliance level will mean little if this is not
matched by actual performance. The Task Group concluded that built performance should meet
designed performance.

' The narrowed range the Task Group consulted upon
" carbon Compliance for Tomorrow’s New Homes, Zero Carbon Hub, July 2010



The approach taken to close the potential performance gap should be developed urgently, led by
industry with regulatory support from government as appropriate. The first stage must be to collect
further data in order to establish the scope and scale of the issue.

A scheme should be developed, building upon the work done by the Carbon Compliance for
Tomorrow’s New Homes Task Group, to address any gap identified by the research, and should be
applied to dwellings built from 2016. Industry would arrange for the testing of actual energy /
carbon performance of a statistically representative random sample of homes. This would be
verified by third party measurement covering fabric, services and LZC technologies. The results
should inform industry and government with the aim that from 2020 the test results distribution
would demonstrate that at least 90% of all dwellings would meet or perform better than the
designed energy / carbon performance.

Conclusions on the level
Following extensive discussions the Task Group concluded that from 2016 the ‘built performance’
emissions from new homes should be required not to exceed the following limits:

e 10 kg COyeq /m?/year for detached houses

e 11 kg COyq /m?/year for other houses

e 14 kg COyeq /m?/year for low rise apartment blocks (four storeys and below)

Further work is needed on the appropriate limit for high rise apartment blocks. The Task Group will
return to this special case in its final report.

These recommendations apply to built performance, whereas the 2006 Regulations relate to
designed performance. For this reason the recommendations cannot be directly compared with
current standards. However, in addition to any improvement achieved by moving from designed to
built performance, the % improvements on the 2006 standard would be approximately:

e 60% for detached houses
e 56% for other houses

o 44% for low rise apartment blocks

Further work

The Task Group recognises a number of areas in which further thought is needed in order to
complete its package of recommendations. It intends to produce a final report, in which it will
address these areas, early in the New Year.

Consideration of the following areas is required:

e the appropriate carbon compliance standard for high rise apartment blocks. The technical
modelling shows that compliance becomes rapidly more difficult in proportion to the height
of a block. Having decided levels for the other dwelling types, the Task Group need to reflect
on a suitable level or way forward for high rise blocks;

o the sensitivity of the carbon compliance level to different assumptions for the price of
Allowable Solutions. The Task Group need to consider whether they may modify their
recommendations for carbon compliance levels for different Allowable Solutions price
scenarios;



o whether it would be appropriate for regional weather data to be used in calculating the
carbon compliance of new homes, in order to reflect variations in climate. This might
produce more equitable results for householders across the country, but would result in
regional dwelling specifications and costs. New analysis will be available for the Task Group
to consider and reach a decision on;

e how local circumstances and aspirations can best be accommodated within the carbon
compliance regime. The Task Group need to formalise their views on the opportunities and
risks this poses, and agree recommendations.

Whilst the Task Group has undertaken sensitivity analysis of technical feasibility for different dwelling
types, this is not exhaustive. Further work is recommended to test a wider range of dwellings (in
particular, smaller dwellings) and undertake further costings work in advance of formal public
consultation.

In addition, the Task Group recognises that further work is needed to give practical effect to its
recommendation that there should be an option to achieve compliance on a development by
reference to the aggregate of the limits which would otherwise apply to the individual dwellings on
that development. This work will need to be taken forward separately after the Task Group has
submitted its final report.

The Task Group also notes that the industry has invited partners and government to join in devising
and committing to a process to measure and address the potential gap between designed and built
performance of new homes by no later than 2016. This should build upon the work done by the
Carbon Compliance for Tomorrow’s New Homes Task Group.

Glossary

ASHP Air Source Heat Pump

CHP Combined Heat and Power

FEES Fabric Energy Efficiency Standard. Defined in a report by the Zero Carbon Hub, Defining
a Fabric Energy Efficiency Standard for Zero Carbon Homes (Nov 2009)

GSHP Ground Source Heat Pump

PV Photovoltaic

SAP Standard Assessment Procedure. An energy and carbon assessment tool currently used

to determine whether new dwellings comply with Part L (Conservation of Fuel and
Power) of Building Regulations

SHW Solar Hot Water
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