


Table 3 shows the mean TER levels for the largest six dwelling types in the sample,
focussing on gas fuelled dwellings to avoid the need to make allowances for fuel factor.
Overall, the mean carbon emission rates are similar (less than 20% between highest
and lowest value). Thus it suggests that differences in dwelling type should not, by
themselves, result in a significant number of different absolute carbon limits.

Building Mean TER (kgCO,/m?)
Flat - Ground floor 24.8
Flat - Mid floor 21.2
Flat - Top floor 24.3
House - Detached 22.2
House - Mid-terrace 20.6
House - Semi-detached 22.7

Table 3 Mean TER levels for different building types

From Figure 10, it can be seen that for a particular property type, there is significant
variation in TER. This suggests that if an absolute carbon limit was set, there are
potentially significant opportunities to reduce carbon emissions from carefully designing
build size and form. This opportunity does not currently exist when using a notional
building approach as it has the same size and shape as the actual building. However, the
large variation in results does also highlight a risk of making it significantly harder for some
built forms to comply, and perhaps effectively eliminating them. It is possible that from an
energy-saving viewpoint, we should not be building at least some of these designs.
However, there may be good reasons for making allowances for such designs and it is
important to understand the implications before setting any absolute carbon limit.
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Figure 12 Variation in average carbon emission rates by total floor area for semi-detached dwellings

Figure | | shows how the TER values from Figure 10 relate to floor area. The sizes of
the bubbles represent the number of occurrences at a particular TER and floor area,
with remarkable consistency in TER across a wide range of floor area and dwelling type
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for the bulk of the data analysed. Figure |2 shows the information for semi-detached/
end terrace houses in more detail. As the floor area increases, the TER values tend to
fall. This is to be expected, as the perimeter area per unit floor area tends to decrease
with an increase in floor area — reducing the heat loss through walls, floor and roof per
unit floor area. Hence, setting an absolute carbon limit would tend to promote larger
buildings, although their overall carbon emissions would be higher (taking account their
increased floor area). If we wished to reduce the influence of floor area, we could
modify the absolute limit such that rather than simply being a constant, it would be of
the following form which reduces as floor area increases:

Absolute carbon limit = constant - (multiplier x floor area)

Before setting any absolute carbon limit(s), further work would need to be undertaken
to better understand the influence of built size and shape. Factors, other than floor
area, may also be significant and their implications need to be understood and suitably
addressed.

What might a non-domestic carbon compliance target look like?

Part L 2010 has moved from an individual improvement to a concurrent notional
building approach for non-domestic buildings. This is to avoid disproportionately
requiring much tougher fabric and services specifications for particular build types. In
principal, this approach could be taken forward to zero carbon albeit with the notional
building being modified to meet the stricter carbon targets.

An initial evaluation was undertaken of whether the absolute approach would be
appropriate for non-domestic buildings. The non-domestic building types and designs
considered in the Part L 2010 impact assessment were utilised. Carbon emissions were
determined that complied with the Part L 2006 standard and then they were reduced
by 70%. The results are shown in Table 4.

Building type 2016 target
(70% of 2006)
kgCO,/m?

Hotel 31

Office (Deep planned, Air Conditioned) 18

Office (Shallow planned, Air Conditioned) 20

Office (Shallow planned, Natural Ventilation) 10

Retail 39

School 8

Supermarket 59

Warehouse (With roof-lights) 9

Warehouse (Without roof-lights) 9

Table 4 Carbon emission levels in 2016 for non-domestic buildings

The results show a significant variation in emission levels — much more than identified in
dwellings. Based on this limited evaluation, it suggests that there may need to be more
absolute levels then for dwellings and a concurrent notional building approach may be
more preferable in this case. It is noted that this calculation assumes a similar 70%
carbon reduction for all non-domestic building types and this is unlikely to be the case
with any aggregated approach. However, it is anticipated that the same conclusions will
still apply as any aggregate approach would not be expected to smooth out the
significant differences observed in the table.

25



ASSESSING THE
OPTIONS

The three options outlined in section ‘Identifying the Options’ were then tested against
the evaluation criteria via a structured workshop of TWG members.

‘Individual’ percentage reduction approach based on historic
notional dwelling

With this approach, every dwelling would have to achieve a 70% reduction in
emissions relative to the 2006 Part L standard.

The perceived advantages are:

|. Itis easy to understand and is consistent with the current Part L approach

2. ltis relatively easy to derive the 2016 TER. However, there may need to be
some modifications e.g. due to changes in carbon compliance tool
methodology.

3. It guarantees a 70% reduction at the building site level. However, this is
thought to be of lesser importance because the CCT is a secondary target; the
overall target being set by the zero carbon standard. Thus if the CCT varies
either way from 70%, the difference could be absorbed by allowable solutions.

4. The notional building basis provides some protection from changes to the
compliance tool or other factors, because to a degree they will affect the
notional and actual dwelling, although this will be less robust than using a 2016
concurrent notional building.

The disadvantages are:

I. As demonstrated, it is disproportionally difficult for apartment buildings to meet
the 70% target. For the cases modelled, it is not practical to achieve the target
in the eight storey apartment block for all but biofuels or a large district gas CHP
Whilst it is easier for a four storey apartment block to comply, it is much harder
than for the other dwellings considered. The view of the TWG is that it would
be disproportionately difficult to achieve a 70% compliance target for apartment
buildings. It was deemed as a ‘show-stopper’, and eliminated the individual
70% improvement reduction as a valid approach for 2016.

2. A weakness of all notional building approaches is that they provide no incentive
for improved built form — indeed it can encourage profligacy. Because hot
water is a much more significant demand in flats, there have been suggestions
that designers have introduced additional and unnecessary areas of exposed
fabric into designs in order to increase exposed area and make the percentage
reduction easier to achieve.

As part of making the assessment, variants on the basic approach were identified that
might help reduce the disadvantages. The main variant discussed is to combine the
percentage improvement with an absolute CO, threshold, i.e. if the emissions were
less than the threshold value, then compliance would be achieved, even if the 70%
reduction value were not reached. It would be necessary to modify the percentage
improvement to ensure that 70% was met over the build mix. This would solve the
first of the disadvantages listed above, however, the benefit of simplicity would be lost.
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Aggregate approach using concurrent notional dwelling

With this approach, a design specification would be provided, which if all dwellings

were constructed to it, an overall 70% improvement would be achieved across the

mix of dwelling types in the assumed build mix. Although there would be a 2016
notional specification, this would represent a performance standard, in that designers
could adopt any alternative specification, provided the same level of emissions were
achieved.

The perceived advantages are:

As it is an aggregated approach, the overall objective of zero carbon homes
should be achieved in the most cost effective way.

The specification provides a robust model design that may assist smaller
builders

Having a notional building minimises the impact of any input errors in the
compliance model, because for many variables the error would similarly affect
both the actual and notional dwelling (i.e impacting the TER/DER by a similar
amount)

It is consistent with the non-domestic approach adopted for Part L in 2010,
which may provide the basis for the non-domestic zero carbon standard
(although any difference in approach may not overly affect industry as the focus
is the target to be achieved and less the approach for its derivation assuming the
target is deemed reasonable).

The disadvantages are:

As it is an aggregated approach, achieving 70% reduction cannot be
guaranteed; it depends on the actual build mix.

Arriving at the notional dwelling specification depends on robust cost data. This
may be problematic when technologies and costs are changing quickly.

Deriving the concurrent notional building may be very complex. In particular, it
would be necessary to ensure that the fabric elements in the notional building
always meet the minimum FEES (which effectively requires different standards
of fabric performance for different dwelling designs and thus the most
demanding fabric performance would need to be determined and included in
the notional building). Furthermore, it is necessary for the service elements to
meet standards from the European Energy Related Products Directive which
are as yet to be finalised and it may be more complicated to apply if they are
system rather than product based. It is also necessary to ensure that any
notional dwelling adopted over the different dwelling types provides a fair
means of achieving compliance.

The complexity of deriving the concurrent notional may be compounded by
the need to change the specification of the notional dwelling to take into
account updates to other regulations.

It may be necessary to develop different notional dwellings for different part of
the country if regional weather data is used in the compliance model, as
proposed by Topic Work Group 3.

It may also be necessary for the notional dwelling to consider issues of
overheating, daylighting and indoor air quality

There is also a potential perverse outcome of adopting the absolute
KWh/m?/year metric space heating and cooling energy demand for the
minimum Energy Efficiency standard and a concurrent notional dwelling for
Carbon Compliance. This can be seen in the example of taking a mid-terrace

27



house and modifying it such that the floor area remained the same but the
exposed area increased. The energy efficiency standard would require better
fabric construction specifications in the latter case to address the increased heat
loss through the greater exposed surface area. However, with the notional
dwelling approach, the TER would increase with a greater exposed area. Thus
this combination would require a higher fabric specification but allow greater
carbon emissions — hence potentially perverse outcomes.

8. There is no incentive to adopt a more energy efficient built-form. One way
around this considered in assessing this approach, could be to specify the shape
of the notional building (e.g. a rectangular shape with a fixed front-to-back
depth and width adjusted to provide the same floor area as the actual design).
However, this does add complexity.

Aggregate approach using absolute carbon limits
With this approach, the target would be set as a defined amount of CO, emissions per
unit floor area. Different levels could be set, for example for different dwelling types.
The perceived advantages are:
|. Asitis an aggregated approach, the overall objective of zero carbon homes
should be achieved in the most cost effective way.

2. ltis analogous to the approach taken for setting the Fabric Energy Efficiency
Standard, and this may help overall understanding, especially as the overall zero
carbon target is also expressed in the same form (zero CO, emissions).

3. It may fit in better with the wider policy landscape (e.g. cradle to grave carbon
budgets).

4. Ifasingle value is adopted (overall or for a particular dwelling type), it will
encourage efficient built forms.

The disadvantages are:
|. Asitis an aggregated approach, achieving 70% reduction cannot be
guaranteed; it depends on the actual build mix.

2. Arriving at the specification may depend on robust cost data. This may be
problematic when technologies and costs are changing quickly.
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Outcome of assessment

Table 5 summarises the pluses and minuses for each option, with the symbols having
the following meanings against each particular criterion:

I. ‘4" means the approach has advantages
2. ‘o’ means the approach has no overall strength or weakness
3. ‘-"means the approach has a significant weakness

4. X’ means that the approach is unacceptable

Options
Evaluation Criteria | Individual 70%: Individual 70%: Aggregate: Aggregate:
Historic notional Historic notional Concurrent Absolute carbon
dwelling dwelling + carbon | notional dwelling | limit
threshold
Cost effectiveness - + + +
Ease to develop fo) - - 0
Equitable X + + +
Stability to achieve
70% reduction + o o o
Stability to achieve _ _ _ _
compliant solution
Ease of
understanding 0 - ° °
Integration with
wider government (o] (o] (o] +
policy

Table 5 Summary of the evaluation

It can be seen that the individual 70% option should be eliminated because it fails to
satisfy an important criterion of being equitable.

It was proposed to also eliminate the 70% improvement with carbon threshold
approach. This option has no significant advantage over the other two remaining
approaches. Furthermore, as it is essentially a combination of the notional building and
absolute approaches, it is likely to be more complex to derive the carbon compliant
target (i.e. the overall percentage reduction and the threshold necessary to achieve
70% in a cost-effective and equitable manner), and harder to explain to industry.

The aggregate approaches of concurrent notional dwelling or absolute carbon limit
have similar ratings for many of the criteria:

* Both are aggregated approaches and thus the carbon compliance target
(concurrent notional dwelling(s) or absolute carbon limits) can be derived to be
most cost-effective and equitable across the build mix. Note that the absolute
approach allows the added flexibility of variation of built form, which analysis
suggests could be a cost-effective means to help meet the compliance target,
but this could also be introduced as a modification of the concurrent notional
building approach as described earlier.

* Afurther issue common to the aggregate approach is that it cannot guarantee a
70% reduction. It is based on projections of the build mix. It can be developed
in such a way to reduce the sensitivity to actual build mix but cannot eliminate
it. However, any difference could be absorbed by allowable solutions.
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* Both approaches are quite susceptible to changes outside the control of the
house-building industry. For example, changes in the carbon compliance
methodology or fuel emission rates may result in the need to modify the
notional dwelling to ensure that overall policy aim of achieving 70% carbon
compliance is met. Whilst these factors are less likely to require a change in an
absolute limit (if based on 70% reduction on a fixed 2006 baseline), it will
require a change in the compliant solutions to meet the absolute limit.

* The similarity of the ratings in terms of ease of understanding is based on the
fact that the key information that users require is a target value (TER) and an
actual value (DER) which would be provided by both options. The apparent
advantage of the concurrent notional dwelling, in that it is itself a compliant
dwelling, can mainly be negated by producing model designs for an absolute
approach which can indicate compliant solution for a range of dwelling types
and constructions. Furthermore, many people will elect not to construct to the
notional dwelling in such an approach.

Overall, there is probably a greater advantage to the absolute approach in terms of
ease of understanding, because:

I. The absolute limit is in the same format as for the FEES and the overall zero
carbon target itself. Hence, as a package it is easier to explain and understand.

2. For the notional dwelling to meet the minimum energy efficiency standard in all
cases, the fabric performance levels will need to be quite high. This may be
very off-putting and misleading as users may expect these levels of fabric
performance to be required

3. Having an absolute amount of carbon which is still being emitted may aid clarity
in assessing how much carbon needs to be off-set through allowable solutions.

It should be easier to develop the carbon compliance target for the absolute approach
than for the concurrent notional dwelling. There may also be an advantage of the
absolute approach in terms of linking to wider policy. It provides a ‘count’ of actual
carbon emissions. This may be useful for the future and when accounting for all
lifecycle emissions.. However, it is unclear whether carbon compliance levels would be
used in such calculations or simply ‘zero carbon’.

Overall, there was a clear preference for the absolute carbon limit approach. However,
there are two important complementary actions:

I. A need to better understand the impact of setting an absolute carbon limit on
build size and form, and ensure that it does not result in unintended
consequences.

2. The development of model designs to aid understanding of compliant designs.
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RECOMMENDATIONS

The Topic Work Group agreed on the following recommendations:

Absolute carbon limits should be derived for zero carbon dwellings, as the
metric of Carbon Compliance.

Design guidance should be developed to accompany the carbon limits. The
guidance should indicate cost-effective compliant solutions for a range of
dwelling types. This will aid the house-building industry, particularly those who
have limited technical resources to develop such designs themselves.

Further analysis is necessary to assess the impact of built form on carbon
emissions. It is important to ensure that the absolute carbon limits benefit the
more energy conservative built form and that there are no unintended
consequences of this new target-setting approach.

In developing the carbon compliance tool for 2016, the number of input
variables are the minimum necessary and the tool provides good self checking
to ensure that the inputs are sensible to reduce errors.

An overall energy performance standard should also be considered. This is to
complement the carbon limit and restrict the energy consumption for low and
zero carbon fuels. The minimum energy efficiency standard is still required to
ensure the focus on putting fabric first in achieving both the carbon and energy
performance standards.
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TRANSITION PLAN

The next step is to determine the absolute carbon limit(s). Some key questions need to
be addressed.

*  What do we mean by 70% carbon reduction for an aggregate approach? For
example, one approach would be to simply take the total 2006 new-build
dwelling carbon emissions and divide by the total floor area. Then the average
emissions per m? for 2016 should be a 70% reduction from this.

* Should different emissions per m? apply to different dwelling types (e.g. accept
higher emissions per m? from apartment blocks due to practical considerations)
and, if so, what should the allowed variation be? In a similar manner, should
there be variations for different build form to avoid, for example, potential bias
towards larger buildings.

In undertaking this work, it will be necessary to have the following.

* Prediction of the build mix in 2016
* A compliance modelling tool
e Carbon emission rates

* An understanding of practical and cost-effective low-carbon solutions for
different dwelling types

Any such work would need a sensitivity analysis. This would assess the robustness of
the solution in light of data uncertainties (e.g. build mix). It would also assess the
robustness of the solution in light of changes in the future (e.g. changes in emission
rates).

To allow time for industry to prepare it is proposed that in Part L 2013 the following is
included.

* The carbon standards for both 2013 and 2016 are provided

* Both carbon standards are in terms of absolute limits (i.e. replace the current
notional building approach)

A better solution could be derived the closer we get to 2016 (e.g. a better prediction
of build mix). This would more accurately ensure that 70% was achieved and in the
most cost-effective way. However, this needs to be balanced by the advantages to
industry of providing early knowledge of the target to be achieved. The inclusion in Part
L 2013 appears to provide a reasonable compromise.
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Figure 12 Proposed transition plan for expression of the carbon compliance standard
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ANNEX

1

FEES "Spec C"
Apartment Mid/End Detached Al dwellings
Terrace
Ext. Walls (W/m2K) 0.20 0.18 0.15 0.15
Party Walls (W/m2K) 0.0 0
Floor (W/m2K) 0.20 0.15 0.13 0.15
Roof (W/m2K) 0.20 0.13 0.13 0.11
Windows (W/m2K) whole 1.4 (double | 1.4 (double .
window u-value 1.7 (double glazed) glazed) glazed) 0.8 (triple glazed)
Doors (W/m2K) 1.2 1
Airtightness (m3/hr/m?) 5.0 4.0 3.3 1
Thermal bridging y-value
(W/m?K) 0.05 0.04 0.04 0.04
Ventilation type Natural (intermittent extract) MVHR
SFP =1 Wilis
Mech vent spec n/a HR eff = 88%
Low energy lighting 100% 100% 100% 100%
External wall facing Front Front _

. . East . . Front elevation

Orientation elevation elevation .
[Also West for other . ) facing West
facing West | facing West

side of Block]

Annex| Construction that meets FEES and Spec C energy efficiency standards.
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