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Important note about this document, its purpose, its scope and its limitations

The main purpose of this document is to to constitute a technical
evidence base to inform the policy making process for planning
officers in the 18 London boroughs who participated in this studly.

It considers two main indicative policy options in order to contribute
to the development of a common and coherent policy direction, in
conformity with the London Plan.

This document is about the future, not the past

This document was triggered by the latest edition of the building
regulations for new buildings (Part L 2021) and the need for London
boroughs to update their current energy and carbon planning policy
targets. It also considers three scales of regulations/policy for which
the landscape is likely to change in the next 3-4 years:

* National level: Part L 2021 has been introduced in 2022 and should
be replaced by the Future Homes Standard and the Future
Building Standard in 2025.

* Regional level: The GLA published new Energy Assessment
Guidance in 2022. At the time of writing there is no plan to update
the London Plan in the short to medium term.

* London borough level: each of the 18 London boroughs
participating in this study are at different stages of the
development of their Local Plan.

Scope and limitations

The scope of this study is to provide a robust evidence base in
relation to energy use and carbon emission modelling for eight
common building types in London. Although potential policy wording
has been provided to assist planning policy officers in translating the
technical findings into potential policy targets, this is not a policy
document. It should not be used either as a criticism of current
planning policy and/or to justify individual buildings’ failure to comply
with it. Finally, the recommendations do not limit what planning
applications can deliver: some schemes will be able to go further.

National

An overhauled new version
of SAP is being developed
(domestic buildings)

New Building Regulations

Part L 2021 is implemented EPCs could be reformed

A new version of NCM/SBEM
may be developed

The current London The new GLA Energy
Plan has been Guidance (2022) and
adopted in 2021 spreadsheet are

implemented

Greater London Authority

The Future Homes
Standard and Future
Building Standard are
scheduled to come
into force in 2025

Figure 0.1 — Overview of potential changes to the national and regional policy landscape in the

next 3 years
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The 2019 study
Towards Net Zero Carbon:

Achieving greater carbon reductions on site



Summary of the 2019 study - Towards Net Zero Carbon: Achieving greater carbon reductions on site

Greater carbon reduction on site are preferable to offsetting

In 2019, all London boroughs had a planning policy requiring new
buildings to achieve a minimum 35% carbon reduction over Part L
2013 on-site complemented with a requirement to offset the residual
regulated carbon emissions at a carbon price of £60-£95/tCO,.
Unfortunately, a few boroughs concluded from the applications they
were receiving that not enough new buildings were seeking further
carbon reduction on-site beyond the minimum requirement, and that
carbon offsetting was relied on too heavily to achieve ‘zero
(regulated) carbon’. Therefore, the London boroughs of Barking &
Dagenham, Ealing, Greenwich, Haringey and the City of Westminster
appointed Currie & Brown, Elementa, Levitt Bernstein and Etude in
2019 to investigate how the carbon offset price could be used to
incentivise greater carbon reductions on-site.

Methodology and recommendations

Extensive energy and cost modelling on several types of domestic
and non-domestic buildings was undertaken. Three building fabric
scenarios and four heating systems were modelled, with and without
PV panels for six building archetypes. The findings were used to
understand the cost and carbon emission reductions associated with
different combinations, and various offsetting pricing scenarios were
then developed to incentivise on-site carbon emission reduction.

The study demonstrated that due to the decarbonisation of the
electricity grid, for the same specifications, a greater improvement
over Part L was achieved with no extra effort/cost (i.e. '60% is the new
35%'). The study also concluded that a carbon offset price of £60-
£95/tCO, was not sufficient for local authorities to deliver the
required carbon savings off-site. A price of at least £300/tCO, was
recommended. A stepped carbon offset price was also proposed to
discourage carbon offsetting as much as possible (please refer to the
report’s executive summary for further details). Finally, the team
outlined a potential alternative to the Part L policy framework using
Energy Use Intensity (EUI) and predictive energy modelling.

1.0 The 2019 Cost of Carbon report

Towards Net Zero Carbon
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Figure 1.1 — Extracts of ‘Towards Net Zero Carbon — Achieving greater carbon reductions on

site: the role of carbon pricing’ undertaken in 2019.
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2.0

Summary and analysis of notable reports
and evidence published since 2019



2.0 Summary and analysis of notable reports and evidence published since 2019

The last four years since the publication of the 2019
Towards Net Zero Carbon study have seen a
significant number of changes at international,
national, regional and local levels with new
legislation, policy and guidance on Net Zero
Carbon and new buildings. They are summarised in
this section.

It also highlights emerging regulations and industry
standards, as well as other important
considerations, including fuel poverty and energy
costs.

2.1 2.2 2.3

New carbon New building New policies,

reduction regulations: guidance and

commitments Part L 2021 evidence bases

since 2019 published since
2019

2.4 2.5

Emerging Other important

regulations considerations

and industry
standards

2.0 Summary and analysis of notable reports and evidence published since 2019
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2.1

New carbon reduction commitments since 2019

2.0 Summary and analysis of notable reports and evidence published since 2019
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The urgency is even greater now than it was in 2019: Net Zero by 2050 and carbon budgets

There is a climate emergency

There is overwhelming scientific consensus that significant climate
change is happening. This is evidenced in the latest assessment of the
Intergovernmental Panel on Climate Change (IPCC ARé). The IPCC
special report published in 2022 on the impacts of global warming of
1.5°C above pre-industrial levels highlights the urgency for action.

National commitment

The UK'’s national commitment is set through the Climate Change Act
2008, which was updated in 2019. It legislates that the UK must be
net zero carbon by 2050 and sets a system of carbon budgets to
ensure that the UK does not emit more than its allowance in the next
27 years. This legal requirement is underpinned by the Climate
Change Committee’s report ‘Net Zero: The UK’s Contribution to
Stopping Global Warming'.

The concept of carbon budgets is absolutely critical to understand:
Net Zero is not only about a destination: a very significant and fast
required decarbonisation pathway is needed from now on.

Achieving Net Zero Carbon

Key measures identified by the Climate Change Committee (CCC)
include:

* 100% low carbon electricity by 2050

+ Ultra-efficient new homes and non-domestic buildings

* Low carbon heat to all but the most difficult to treat buildings

* Ambitious programme of retrofit of existing buildings

+ Complete electrification of small vehicles

+ Large reduction in waste and zero biodegradable waste to landfill

+ Significant afforestation and restoration of land, including
peatland.

2.0 Summary and analysis of notable reports and evidence published since 2019

iDCC 4-5°C the temperature

ITERGOVERNMENTAL PAnEL on ClimaTe chanee

Climate Change 2021 rise we are likely to see if
The Physical Science Basis we continue on a business

as usual path

1 .S-ZOC The maximum

temperature rise above pre-
industrial levels the IPCC
recommends.

1°C The temperature

rise already created

Figure 2.1 — Latest IPCC report and the associated targeted limit on global warming: 1.5-2°C

L
900,000 MtCO, 10-14 years

Estimation of remaining global carbon The number of years it would take
budget (from 2020) for a chance of to consume our entire global
limiting temperature rises to below carbon budget at current global
1.7°C (Source: Tyndall Centre) emissions rates for a good chance

of limiting temperature rises to
below 1.5°C

Figure 2.2 — The remaining global carbon budget is not significant. We need to reduce annual
emissions sharply and quickly if we do not want to spend it in the next 10-14 years.
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The new London Net Zero pathway

Achieving Net Zero Carbon by 2030

The London Environment Strategy and the 1.5°C compatible Climate
Action Plan, both published in 2018, set out pathways towards Net
Zero London by 2050. However, in light of the science which has
shown the need for urgent action, the Mayor of London has declared
a climate emergency and has brought forward by 20 years the target
for London to be Net Zero, which must now be achieved by 2030.

London Net Zero 2030: an updated pathway

The GLA has commissioned experts at Element Energy to analyse
pathways for London to reach Net Zero by 2030. Their report
'Analysis of a Net Zero 2030 Target for Greater London' was
published in 2022 and explores four possible pathways that London
could take. Based on this analysis, the Mayor of London adopted the
Accelerated Green pathway as the preferred pathway for London. It
now replaces the previous trajectory in the 1.5°C Plan.

The new London Net Zero pathway (Accelerated Green)

This pathway aims to reduce baseline emissions (30MtCO,/yr in 2020)
by more than 65% by 2030 down to 10MtCO,/yr. Key features of this
pathway for buildings include:

* 40% reduction in heat demand of buildings

+ 200,000 homes retrofit each year, to achieve average EPC B or
65kWh/m?2/yr

* Gas boilers in new developments banned by 2025

* Gas boiler replacements banned by 2026 (with exceptions in areas
expected to remain connected to the grid using biomethane)

+ 2.2 million heat pumps by 2030, including 284,000 in 2028 alone,
60% of homes supplied with low carbon heat by 2030

1.5GW of PV generation by 2030 and 3.9GW by 2050

2.0 Summary and analysis of notable reports and evidence published since 2019
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Figure 2.3 - Element Energy report: ‘Analysis of a Net Zero 2030 Target for Greater London’ (2022)
and the GLA’s response to the report: ‘London Net Zero 2030: An Updated Pathway’ (2022)
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Figure 2.4 - Four pathways were considered by Element Energy and the Mayor of London
adopted the ‘Accelerated Green’ pathway, shown above with a blue dotted line. It shows how
decisive action is required over the next 10 years.
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The London boroughs’ current climate change commitments

Most London boroughs have declared a climate emergency

30 of the 32 London boroughs and the City of London have declared
a climate emergency. According to London Councils, as of January
2022, 22 boroughs have fully published Climate Action Plans (CAPs)
and 6 boroughs have published drafts. A further 5 boroughs have

CAPs in development, meaning that all boroughs have already

published or intend to publish a Climate Action Plan.

Summary of commitments for new buildings

The key commitments of the CAPs relevant to new buildings include:

All boroughs are committed to achieve the energy efficiency
targets proposed by the London Plan as a minimum (i.e. 35%
reduction over Part L 2013) and a few boroughs acknowledge the
need to include Net Zero Carbon targets within the planning
requirements. Furthermore, two boroughs are committed to
explore exemplar energy efficiency solutions including Passivhaus,
whilst two others indicate a commitment to Energy Use Intensity
(EUI) targets for new dwellings.

Although all boroughs show concern about the emissions
generated by fossil fuels and mention the electrification of heat as
part of their solutions for decarbonisation, only 5 CAPs pledge to
prohibit the installation of gas boilers in new developments and
only 1 commits to phasing out gas-fired CHPs.

A requirement for new developments to include sources of low
carbon energy is included in many CAPs with only one making a
direct reference to air source heat pumps.

Increasing solar capacity is highlighted in a few CAPs, however
there is no direct link with a requirement for PV installation on new
developments.

2.0 Summary and analysis of notable reports and evidence published since 2019

Boroughs committed to net

Figure 2.5 — The vast majority of London boroughs have declared a climate emergency

All boroughs are committed to the GLA 35%
minimum improvement over Part L 2013 requirement

2 boroughs consider requiring Passivhaus standards
2 boroughs consider implementing EUI targets

5 boroughs pledge to ban gas boilers in new buildings

1 borough pledges to phase out gas-fired CHP

Figure 2.6 - Summary of key commitments relevant to new buildings included in the Climate Action Plans of
the 18 participant London boroughs
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2.2

New building regulations: Part L 2021

2.0 Summary and analysis of notable reports and evidence published since 2019
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Part L1A 2021 for domestic buildings

Since the initial study was undertaken in 2019, Part L1A of the "
building regulations covering new dwellings has changed. The new )

regulations have come into force in 2022 and are estimated to reduce
The Building Regulations 2010

regulated CO, emissions by approximately 31% compared with the
previous version of the building regulations (i.e. Part L1A 2013). Conservation of

Additionally, the SAP methodology used to calculate compliance for fueland power

Part L has also been updated: SAP 10.2 has been released. APPROVED DOCUMENT

Main changes in Part L1A 2021 b ot
qui L2:Onr f electricity

The list below summarises the key changes and new requirements set Reptons 6 2.15.14.25 150 58 16 260,16

by Part L1A 2021

* Primary energy use — This is a new requirement to comply with and
2021 edition — for use in England

is set using the notional building approach. Primary energy use

relates to how much delivered energy is required by the new

home; it is then converted (using primary energy factors) into Figure 2.6 - Part L 2021 — Conservation of fuel and power — Volume 1: Dwellings
primary energy. This is reported as kWh/m?2.year.

+ Carbon factors — The carbon factors have been updated, and
electricity has dropped to 0.136 kgCO,/kWh which is 74% lower Summary of key criteria (T = Target — D = Dwelling)
than the electricity carbon factor in Part L 2013 (i.e. 0.519

kgCO,/kWh), and lower than gas (i.e. 0.210 kgCO,/kWh). The

implication is that electric modes of heating (e.g. heat pumps,

direct electric) are now much lower carbon than fossil fuel heating >
(e.g. gas boilers).

* Revised “notional” building specification — The assumptions used
for the notional dwelling to derive the Target Emission Rate (TER)

have been revised. The most significant change is that PVs and
Waste Water Heat Recovery are assumed in the notional building.

+ Continuity of insulation — There is now a requirement to clearly > >
identify the insulation layer on drawings to ensure the insulation

layer is continuous, buildable and robust.

Primary energy rate - kWh/m?.yr

. B ) . . ) 5
«  Evidence for as-built SAP calculations — There is now an onus on Target carbon emissions rate — kgCO,/m?.yr Target fabric energy efficiency rate - kWh/m?.yr

providing phOtographiC evidence to demonstrate construction Figure 2.7 - New dwellings must comply with the energy and carbon requirements highlighted above.
quality in order to reduce the performance gap.
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Part L2A 2021 for non-domestic buildings

Part L2A of the building regulations covering buildings other than
dwellings has also been updated. The new regulations are estimated
to reduce regulated CO, emission by approximately 27% compared

to the previous version of the building regulations for new non-
domestic buildings (Part L2A 2013).

Main changes in Part L2A 2021

The list below summarises the key changes and new requirements set
by Part L2A 2021:

* Primary energy use - This is a new requirement to comply with.
Primary energy use relates to how much energy is required by the
new building; it is then converted (using primary energy factors)
into primary energy. This is reported as kWh/m?.year.

+ Carbon factors — The carbon factors have been updated, and
electricity has dropped to 0.136 kgCO,/kWh which is 74% lower
than the electricity carbon factor in Part L 2013 (i.e. 0.519
kgCO,,/kWh), and lower than gas (i.e. 0.210 kgCO,/kWh). The
implication is that electric modes of heating (e.g. heat pumps,
direct electric) are now much lower carbon than fossil fuel heating
(e.g. gas boilers).

* Revised “notional” building specification (TER) — The assumptions
used for the notional building to derive the Target Emission Rate
(TER) have been revised. This includes uplifts to fabric
performance, heating, hot water, ventilation, lighting and controls.
PVs are also now included in the notional building if heat pumps
are not used for heating.

* Hot water demand — New high and low classifications are applied
to certain activity types. This dictates the performance, storage
and circulation used in the notional.

* Predictive energy modelling — There is now a requirement for new
non-domestic buildings over a certain size to predict operational
energy at design stage, taking into account all metered loads,
including unregulated energy.

2.0 Summary and analysis of notable reports and evidence published since 2019
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The Building Regulations 2010

Conservation of
fuel and power
APPROVED DOCUMENT

Volume 2: Buildings other than dwellings
Requirement LI: Conservation of fuel and power
Requirement L2: On-site generation of electricity
Regulations: 6,22, 23, 24, 25,254, 258, 26, 26C, 27, 7€,
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2021 edition — for use in England

Figure 2.8 - Part L 2021 — Conservation of fuel and power — Volume 2: Buildings other than dwellings
Summary of key criteria (T = Target — B = Building)
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Figure 2.9 - New buildings must comply with the energy and carbon requirements highlighted above.
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2.3

New policies, guidance and evidence
bases published since 2019

2.0 Summary and analysis of notable reports and evidence published since 2019
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Guidance from the Climate Change Committee (CCC)

New buildings are currently adding to the problem

Operational carbon emissions associated with new buildings (that meet
current planning policy) are still very significant. These new buildings
are not energy efficient enough, they continue to use of fossil fuels for
heating and hot water in some cases, and they generate very small
amounts of renewable energy. In summary, they keep adding to the
problem of climate change and are not compliant with international,
national and local carbon reduction, as well as with Net Zero
commitments. They keep on using far too much of London’s carbon
budgets and that is not sustainable.

They create a future retrofit burden

If new buildings continue to be designed and built to the current
standards, they will need to be retrofitted in the next 10-30 years in
order to reduce their carbon emissions. For example, any new gas
boiler will have to be replaced with a low carbon heating system. This
would be much more expensive than designing and constructing them
to the right standard now, and this cost would fall mostly on residents,
local authorities and housing associations.

New buildings compliant with our climate change commitments

New buildings designed and built, today, with available and affordable
skills, techniques and technologies can be compliant with these climate
change commitments. In their UK housing: Fit for the future? Report
the CCC provides clear guidance on what should be expected from
new buildings from now on and in particular:

* an ultra-low level of energy use (i.e. 15-20 kWh/mZ2.yr space heating)

* alow carbon heating system.

No offsetting... or a very limited role for it

The Climate Change Committee is clear: offsetting must have a very
limited and defined role if we are to achieve Net Zero by 2050, and it
should not be relied on as a key mechanism to decarbonise new
buildings.

2.0 Summary and analysis of notable reports and evidence published since 2019

C MBI FE e e s / New homes should deliver ultra-high\

Comites n it chre levels of energy efficiency as soon as

February 2019

possible and by 2025 at the latest,
consistent with a space heat demand of
15-20 kWh/m?/yr. Designing in these
features from the start is around one-

fifth of the cost of retrofitting to the

same quality and standard.” /

Figure 2.10 - Extract from UK Housing: Fit for the Future? Committee on Climate Change, 2019.

Renewable energy
generation

Net Zero
carbon

Energy efficiency Low carbon heat

Figure 2.11 - For the Climate Change Committee, energy efficiency and low carbon heat
represent two key pillars of future buildings compliant with our climate change commitments
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Current industry definition of Net Zero buildings

Industry definitions of Net Zero Carbon

A significant amount of work has been undertaken since 2019 to
define and articulate the requirements of Net Zero carbon buildings.
This includes the work undertaken and published by the Climate
Change Committee (CCC), the Royal Institute of British Architects
(RIBA), the Chartered Institute of Building Services (CIBSE), the UK
Green Building Council (UKGBC), the Better Buildings Partnership
(BBP), the Passivhaus Trust, the Good Homes Alliance (GHA) and the
Low Energy Transformation Initiative (LETI).

Relevant reports and initiatives include:

» UKGBC Net Zero Carbon - A framework definition

* LETI Net Zero operational carbon one pager

* LETI Climate Emergency Design Guide

*  WLCN - Carbon definitions for the built environment

* RIBA 2030 Climate Challenge.

The above documents and guidance are consistent in their approach,
and all have similar metrics that include:

* Energy Use Intensity (EUI) targets ( kWh/m?2/yr)

+ Embodied carbon targets kg CO,/ m? either upfront embodied
carbon (A1-A5) , lifecycle embodied carbon (A1-C4) or both.

This study uses the current industry definition of Net Zero Carbon
(refer to appendix for detailed definition).

2.0 Summary and analysis of notable reports and evidence published since 2019
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Current industry definition of Net Zero buildings

A growing evidence base has led to an industry definition

The current definition of a Net Zero Carbon in operation for new
buildings has been developed by UKGBC, LETI and BBP, and
supported by the Good Homes Alliance, RIBA and CIBSE. In
summary, it needs to achieve a low level of space heating demand
and total energy use, cannot use fossil fuels on site and needs to
generate renewable energy on-site to match its energy use on an
annual basis.

1 - Energy efficiency

Buildings use energy for heating, hot water, ventilation, lighting,
cooking, appliances and equipment. All energy use within the
building must be considered (not only “regulated” energy use) and
need to comply with a maximum value, the Energy Use Intensity (EUI)
which varies depending on the building type and represents
‘delivered energy’ generally.

2 - Low carbon heat

Low carbon heat is an essential feature of Net Zero Carbon buildings.
All new buildings should be built with a low carbon heating system
and must not connect to the gas network or, more generally, use
fossil fuels on-site.

3 - Renewable energy generation

New buildings should seek to add at least as much renewable energy
generation to the energy system as the energy they will use in an
annual basis. In London, solar photovoltaic (PV) panels will be the
renewable energy system to deliver this objective.

4 - Embodied carbon

Operational carbon is only part of the story. Net Zero Carbon
buildings should also minimise embodied carbon in materials and
their impact throughout their lifecycle, including demolition.

2.0 Summary and analysis of notable reports and evidence published since 2019

Net Zero Operational Carbon

Low carbon energy supply
/ @ Hecting and hot water should not be
generated using fossil fuels.

@ ™ overoge annuol carbon content of
the heat supplied (9CO,/kWh) should
be reported.

@ Orite renewable elecriily shouid be

Total Energy Use Infensity (EUI) - Energy use maximised.

measured at the meter should be equal to or
less than

@ Eneroy demand response and siorage
- 35 KWh/m#/yr (GIA] for residential!

measures should be incorporated
and the building annual peck energy

For non-domesfic buildings a minimum demand should be reported.

DEC B (40) rafing should be achieved and/or

an EUl equal or less than:

* 65 kWh/m?/yr (GIA| for schools'

= 70 kWh/m?/yr (NLA) or 55 KWh/m?/yr (GIA]
for commercial offices

———— Zero carbon balance

@ A corbon balance calcuiation (on an
annual basis) should be undertaken
andit should be demonstrated that the

Net Zero
Operational
spoce heling demand shoukd bs lss an

15 kWh/me/yr for ol buiing fypes. Carbon buiing achieves a net zero carbon

Building fabric is very important therefore S N
G botnce

Measurement and verification

°
@ nnvol eneroy use and renewable enorgy %
generation on-site must be reported and <.
£
2
0,

N
)
o
o
5 @ v eneray use not met by onsie
S renewables should be mef by an
N investment info additional renewable
$ energy capacity off-site OR a minimum
& 15 year renewable energy power
,;7 purchase agreement (PPA). A green
? tariftis not robust enough and does not
provide ‘addifional’ renewables.

independently verified in-use each year
for Ihe first 5 years. This can be done on
an agaregated and anonymised basis for
residentiol buildings.

Reducing construction impacts - 7

@ Embodied corbon should be assessed. Notes:
reduced and veriied post-consiruction.® "

=
2 W1
¥ éec BBP |5 C D
i PARTNERSHIP HRmes Architecturecom CIBSE

Figure 2.13 - Ten key requirements for a Net Zero Operation Carbon - A summary
Developed by UKGBC, LETI and BBP, and supported by the Good Homes Alliance, RIBA and
CIBSE.

An enlarged version of the adjacent definition can be found in section 13.1 (click on the image
for a direct link)
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2.4

Emerging regulations
and industry standards

2.0 Summary and analysis of notable reports and evidence published since 2019
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The Future Homes Standard and the Future Building Standard

Another major update to the building regulations is on the way

It is expected that the next revision of Part L will be consulted on in
mid-2023 and come into force in 2025. This future version of Part L
(2025) will replace Part L 2021 and is referred to as:

* the Future Homes Standard for new domestic buildings.
* the Future Buildings Standard for new non-domestic buildings.

A new version of SAP is also expected to be introduced in 2025.

What can we expect from these future standards?

From a review of the documentation publicly available since 2019,
further improvements are expected to be proposed.

Whilst the specifics are yet to be determined by DLUHC, and
consulted on, it is understood that a home with fossil fuel heating
(such as gas boilers) will find it very challenging to comply.
Additionally, it is expected that buildings will need to be ‘zero carbon
ready’, with no retrofit work required to benefit from the
decarbonisation of the electricity grid and the electrification of
heating.

There is still no clarity as to whether the standards will require
compliance with new metrics though, and how evidence of
compliance will be calculated in general.

The impact on Future Homes and Future Buildings Standards on this
study

Although the Future Homes and Future Buildings Standards are
welcome signs of the ambition to reduce carbon emissions from new
buildings at Government level, there is not enough information
available to influence this study significantly.

However, it is important to note that any policy based on Part L 2021
will need to be revised within the next 3 years to make it relevant to
Part L 2025.
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The Net Zero Carbon Buildings Standard

In 2022 various organisations including BBP, BRE, the Carbon Trust,
CIBSE, IStructE, LETI, RIBA, RICS, and UKGBC have come together to
develop a UK wide Net Zero Carbon Building Standard.

It will provide a rule book to robustly prove that built assets are net
zero carbon and in line with the UK's climate targets. It will be aligned
with the UK's remaining carbon budget and other actions needed by
the UK built environment to deliver decarbonisation in line with a
1.5°C pathway. It will also address Whole Life Carbon but not other
social or environmental impacts such as air quality, health and
wellbeing, resource scarcity, circular economy, biodiversity, ecology
and flood risk.

It will provide clarity on how to assess new and existing buildings and
determine whether they are Net Zero Carbon or not. In itself, it will
not initially be a certification scheme. However, it is intended that this
is developed from the NZCBS at a later date.

Sectors

The standard will seek to cover the following sectors, where there is
enough data available to develop Net Zero targets and limits :

Homes, Offices, Schools, Logistics/Warehouses, Sport & Leisure,
Retail, Higher Education, Healthcare, Science & Technology, Hotels,
Commercial, Culture & Entertainment, Heritage and Data centres.

Timescales

This project started in May 2022, with various task and sector groups
beginning work in September 2022. A ‘call for evidence’ programme
asking for operational energy use and embodied carbon data to be
submitted to the project, to support the development of net zero
targets and limits was carried out from Nov 2022 to Jan 2023.

The aim is that a draft version of the Standard will be available for
consultation in Summer 2023.

2.0 Summary and analysis of notable reports and evidence published since 2019
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Figure 2.15 — The UK Net Zero Carbon Building Standard is currently being developed
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The key metrics for the standard are:

+ Energy Use Intensity (EUI) limits (KWh/m?/yr)
* Upfront (A1-A5) embodied carbon (kg CO2/ m?)
+ Life cycle (A1-C4) embodied carbon limits (kg CO,/ m?)

Other metrics — such as space heating/cooling demand and peak
load — are also to being considered.

~

J

Figure 2.16 — Key metrics likely to be used in the UK Net Zero Carbon Building Standard
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2.5

Other important considerations

2.0 Summary and analysis of notable reports and evidence published since 2019
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Energy cost crisis

A growing concern

Energy costs have always been a concern for those affected by fuel
poverty and it is now a major issue for many Londoners.

The role of new buildings

There are three factors contributing to fuel poverty: energy prices (set
by the market/energy suppliers), the household income and the
dwelling’s energy demand. The latter is the only criterion which can
be positively influenced by the Local Plan and in particular by energy
efficiency requirements for new buildings.

The two key benefits of energy efficiency

An energy efficient dwelling would help to reduce energy use in a
sustainable way, which would in turn reduce energy costs. It would
also make the temperature more stable, enabling a ‘smart’ heating
system to make the most of flexible dynamic electricity prices. If
electricity is used for heating, this benefit would be much more
substantial with the use of ‘Time of Use’ tariffs.

The positive role of renewable energy generation on bills

The significant amount of PV generation on a Net Zero carbon
building can and should benefit residents. A solar PV system can
generate significant cost savings when electricity is used by residents
on-site, and some revenues through the export of electricity to the
grid.

2.0 Summary and analysis of notable reports and evidence published since 2019

Proportion of fuel poor households (%)

<8
8-10
10-12
12-14
14-16
16-18
>18

ERRREC0

Figure 2.17 - Most London boroughs have high rates of fuel poverty
(Source: Department for Business, Energy & Industrial Strategy, Fuel poverty sub
regional statistics for 2020)
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Figure 2.18 - The dwelling’s energy use is one of the three key factors
contributing to fuel poverty. Net Zero Carbon buildings would help to reduce it,
contributing to the sustainable reduction in fuel poverty in London
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Embodied carbon and whole life carbon

Beyond operational energy and carbon

In order to reduce carbon emissions associated with new
development across its estimated operational lifetime and beyond,
emphasis must also be placed on the reduction of whole life carbon.

Whole Life Carbon

Whole life carbon brings together upfront embodied carbon,
operational carbon, and carbon emissions associated with
replacement and maintenance.

Embodied Carbon

Embodied carbon refers to the greenhouse gas emissions associated
with the manufacture, transport, construction, repair, maintenance,
replacement and deconstruction of all building elements. Upfront
embodied carbon refers to the initial amount of embodied carbon
associated with the building.

Why is Embodied Carbon important?

Both operational and embodied carbon must be reduced to address
the climate crisis. Operational carbon is more closely monitored in
current legislation and policy. However, embodied carbon must be
drastically curtailed.

How do we define what good looks like?

There are currently no approved universal standard targets defined
for embodied carbon however, LETI and RIBA targets have been
aligned since May 2021, with best-practice performance for projects
in the design phase considered to be a “C" rating, while a “B" is
considered a robust stretch target for projects currently in the design

phase.

2.0 Summary and analysis of notable reports and evidence published since 2019
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Figure 2.19 - Diagram showing the different components of whole life carbon (Source: LETI)
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Figure 2.20 - Indicative targets for embodied carbon in kgCO,/m?¢ a.yr
(Stages A1-5, excluding sequestration) (Source: LETI)
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3.0

New buildings: strategic planning policy
options for London Boroughs
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3.0 New buildings: strategic planning policy options for London Boroughs

All buildings in England & Wales must comply with
Part L 2021 of the Building Regulations. They set a
minimum level of performance.

In order to deliver their climate commitments, local
authorities can decide to go further and set their
own energy and carbon targets. This section
introduces two strategic policy directions that
London boroughs could take:

+ Policy option 1 which uses the Part L framework
and Part L energy modelling to demonstrate
compliance;

+ Policy option 2 which uses a suite of energy-
based policies and metrics, and predictive
energy modelling to demonstrate compliance.

It sets out the key differences between these two
options, as well as their applicability to minor
applications and refurbishments.

3.1

Local authorities
can set their own

3.2

A choice between
two strategic

3.3

Introduction to
Policy option 1

3.4

Introduction to
Policy option 2

energy and directions
carbon targets for

new buildings

3.5 3.6

Key Minor

considerations for
selecting the right
policy option for
your borough

applications and
refurbishments

3.0 New buildings: strategic planning policy options for London Boroughs
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3.1

A confirmed ability for Local Authorities to
set their own energy and carbon targets for
new buildings

3.0 New buildings: strategic planning policy options for London Boroughs
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London boroughs set their own energy and carbon requirements for new buildings

The role of local authorities in mitigating climate change in the UK
and what they have been encouraged and allowed to do has
changed over the years. Three distinct phases can be noted.

2008-2014: the realisation that the planning system has a key role to
play to mitigate climate change

*+ The Planning and Compulsory Purchase Act 2004 requires the local
plan to ensure that development and use of land contribute to
mitigation of climate change.

* The Climate Change Act 2008 sets a clear direction for the UK. It
obliges the government to set policy that will enable the UK to
meet its carbon budgets.

* The Planning and Energy Act 2008 empowers local plans to set
“reasonable requirements” for new buildings to comply with
"energy efficiency standards that exceed ... building regulations”
and “supply a proportion of their energy from nearby renewable
or low carbon sources”.

2015-2019: deregulation and the misguided reliance on ambitious
national standards

The Deregulation Act 2015 was intended to dis-apply s.1(c) of the
Planning and Energy Act to dwellings removing the ability of LPAs to
impose local requirements above building regulations on energy
efficiency standards. However, this has not been brought into force.
On 25th March 2015, a Written Ministerial Statement (WMS) sought to
limit the freedom of LPAs to set their own standards until the
introduction of zero carbon homes policy late in 2016. Until then LPAs
were expected not to set conditions with requirements above CfSH
level 4 (i.e. 19% improvement over Part L).

However, there has been no adoption of a zero carbon homes policy
at a national level.

3.0 New buildings: strategic planning policy options for London Boroughs

Since 2019: the turning point of Net Zero

Further to a special report completed by the Climate Change Committee,
the Climate Change Act was updated in 2019: the overall greenhouse gas
reduction was changed from an 80% reduction to a 100% reduction by
2050, i.e. Net Zero.

At the same time, a very large number of local authorities, including many
London boroughs declared a climate and ecological emergency.

An updated NPPF (National Planning Policy Framework) (2021) now expects
the planning system to contribute to a “radical reduction in greenhouse gas
emissions” (Para 148) and requires LPAs to take a proactive approach (Para
149). Further, the Government has confirmed that the Planning and Energy
Act 2008 will not be amended. The result of all this is that Councils are able
to set local energy efficiency standards without falling foul of Government
policy. This has been confirmed by recent Planning Inspector reports (e.g.
Dec 2022 for B&NES Council and Jan 2023 for Cornwall Council) which
indicate that the WMS of 25 March 2015 is of limited relevance and that it
has been superseded by subsequent events.

It should also be noted that in their response to the Future Homes Standard
consultation in 2021, the Government stated the following:

“All levels of Government have a role to play in meeting the net zero target
and local councils have been excellent advocates of the importance of
taking action to tackle climate change. Local authorities have a unique
combination of powers, assets, access to funding, local knowledge,
relationships with key stakeholders and democratic accountability.”

The above confirms the ability of London boroughs to set their own
standards for new buildings as long as it can be demonstrated that they are
technically feasible and that these policies consider the issue of viability and
its impact on the delivery of new housing and other buildings.

Note: the Government's intention is to introduce National Development Management Policies (NDMPs). The
consultation advised that ‘A national policy on carbon measurement and reduction could set a baseline
whilst enabling authorities to set further measures in their own plans based on parameters set in national
policies, perhaps through an optional technical standard to allow for consistency and sound decision
making’. Further details are not available at this moment in time.

Return to contents >

N
O



3.2

A choice between two strategic directions

3.0 New buildings: strategic planning policy options for London Boroughs
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New buildings: two different strategic options for the 18 London boroughs to choose from

Adapting the current system or changing it?

London boroughs wishing to translate their climate ambitions into
requirements for new buildings in the borough have the choice
between two different strategic directions:

* Policy option 1 consists of continuing to use the same system
based on the Part L framework and adapting it to Part L 2021. This
system requires the applicant to use a Part L energy modelling

software, and performance is measured against a single metric (i.e.

% reduction in regulated carbon emissions over Part L 2021). This
metric cannot be measured post-occupancy.

* Policy option 2 is a new system focusing on absolute energy-based
metrics. It requires the applicant to use predictive energy
modelling tools and methodologies. Performance is measured
against a number of metrics (e.g. space heating demand, Energy
Use Intensity), A significant advantage of the Energy Use Intensity
(EUI) is that it can be measured post-occupancy as it generally
aligns with ‘energy at the meter’.

For a responsible use of the terminology ‘Net Zero Carbon’

Both policy options seek to deliver ‘Net Zero Carbon’ new buildings.
However, they refer to two different understandings of this term:
* Policy option 1 generally only considers regulated energy use and

allows carbon offsetting to play a significant role.

* Policy option 2 considers all energy used in the building (except
EV charging points) and seeks to achieve a balance between
energy use and on-site renewable energy generation, only
allowing offsetting to address a potential imbalance.

We strongly recommend that all London boroughs are clear and

transparent about the definition of Net Zero Carbon they are using.

Options within each option

Different variations of each policy option are possible but for
simplicity, this report considers the two main options.

3.0 New buildings: strategic planning policy options for London Boroughs

Policy Option 1

Planning carbon targets as
we know them, translated
into Part L 2021

==

Part L compliance energy
modelling tools

Policy Option 2

Absolute energy targets

==

Predictive energy
modelling tools

One single metric

% reduction in regulated
carbon emissions
compared with Part L 2021

(and optional ban on gas
boilers)

Figure 3.1 — Two types of approach are possible to go beyond the requirements of Part L 2021

Combination of metrics

Energy efficiency: Space
heating demand in kWh/m?2.yr

Total energy use: EUl in
kWh/m2.yr

Renewable energy: PV
generation in kWh/m2.yr or
kWh/mzfp.yr

(and ban on gas boilers)
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Building regulations form the foundations — Planning policy is a way to go further

Hierarchy of compliance

Compliance with Part L of the building regulations is
mandatory for all developments. Planning policy (option 1 or 2)
is then brought in to supplement regulation. Historically,
building regulations Part L has always represented minimum
compliance and planning policy pushed the ambition further.
They also both focused on regulated carbon emissions.
Therefore, planning policy could be relied upon to exceed
regulation. For example, a 0% reduction in regulated CO,
emissions would be building regulations compliant. London
Plan policy would then then top it up to require a %
improvement in CO, emissions (e.g. 35% reduction).

Introduction of new metrics and updates in Part L 2021

Part L has changed from one single criterion to a multi-criteria
standard making it more complex and challenging to comply
than in the past. In particular, the introduction of the primary
energy metric for domestic and non-domestic buildings, and
the updating of the target fabric energy efficiency (TFEE)
metric for domestic buildings introduce key requirements.
There is also a growing realisation in the building industry that
planning policy may be more effective at delivering net zero
carbon new buildings if it was to consider energy-based
metrics rather than regulated carbon emissions. In summary:

1. With the introduction of Part L 2021, applicants and officers
need to be satisfied that compliance with Part L 2021 will
be achieved. This should be evidenced at planning stage.

2. Policy options 1 and 2 should be seen as two alternative
ways to go beyond the minimum standards set by the
building regulations in order to deliver net zero carbon
buildings. The ability to effectively deliver this objective
should be the most important considerations for each
borough to inform their selection of policy option 1 or 2.

3.0 New buildings: strategic planning policy options for London Boroughs

Domestic Non-domestic

Policy Option 1

o . Primary Primary
Building regulations energy energy

Part L compliance

1
co2 Co, B
Further improvement % €
Lean Lean
better better
using Part L framework

(e.g. GLA energy guidance)

Non-domestic

Primary Primary
energy energy

+

Policy option 2 Domestic

Building regulations

Part L compliance

a Further improvement SJeEes
heating

using energy metrics

Space
heating

(e.g. Cornwall DPD)

Figure 3.2 - Evidence of compliance with Part L of the building regulations should be evidenced at planning stage as it
relies on compliance with several criteria.

Additional criteria can be set by planning policy to require the delivery of Net Zero Carbon new buildings.
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3.3

Introduction to Policy option 1:

Carbon improvement over the notional
building using the Part L framework

3.0 New buildings: strategic planning policy options for London Boroughs
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Policy option 1 | Carbon improvement over the notional building using the Part L framework

After the introduction of the ‘Merton Rule’" and its adoption by the
GLA in the London Plan and Mayor's first Energy Strategy in 2004,
planning policy in London has sought to mitigate the impact of new
buildings on climate change primarily through requirements to
achieve quantified improvement over Part L of the building
regulations. The London Plan, through its successive iterations (2008,
2011, 2016 and 2021), regularly updated these requirements and
adapted them to successive versions of Part L of the building
regulations (i.e. Part L 2010, Part L 2013, now Part L 2021).

Policy option 1 essentially carries on using this approach by adjusting
the target (e.g. 35% improvement over Part L 2013) to Part L 2021
and ensuring that it is technically and financially viable for different
typologies.

Local authorities using this framework

This is the approach currently adopted by the GLA in their latest
energy assessment guidance.

Comment on the terminology ‘Zero Carbon’

The Greater London Authority guidance on preparing energy
assessments as part of planning applications (June 2022) states that:

“Major developments are required to achieve net zero-carbon by
following the energy hierarchy (Policy SI 2). This means that regulated
carbon emissions should be reduced so they are as close as possible
to zero. Once on-site reductions have been maximised, the residual
emissions should be offset via a payment into the relevant borough’s
carbon offset fund.”

It is important to note that the definition of "Zero Carbon’ used by the
London Plan therefore excludes ‘unregulated’ energy use and relies
significantly on carbon offsetting, as illustrated by the adjacent
diagram.

! The ‘Merton Rule’ was a pioneering planning requirement for new developments to
generate at least 10% of their energy requirements from renewable energy sources.

3.0 New buildings: strategic planning policy options for London Boroughs

Regulated CO, emissions

Step 1 - Be Lean (energy efficiency)
Domestic: minimum of 10% reduction

Non-domestic: minimum of 15% reduction

Steps 2 Be clean + Step 3 Be green
Minimum of 35% reduction on-site for all application
Benchmark of 50% for domestic applications

Step 4 - Offset to zero carbon
All remaining regulated emissions to be offset.

Policy allows up to 65% of regulated carbon
emission to be offset

Baseline

I

Designed building

Figure 3.3 - The GLA Energy Assessment Guidance requires the above approach to carbon reduction for

new buildings.
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Figure 3.4 - GLA policy: London Plan’s Figure 3.5 - GLA guidance: The GLA Energy c
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Policy option 1 | How does it work?

The same approach as Part L and a focus on regulated carbon

Policy option 1 uses the Part L calculation of regulated carbon
emissions, which evaluates the performance of a proposed building
comparing its performance to a baseline (i.e. the notional building)
and express it as a percentage improvement over that baseline.

What is the ‘notional’ building?

The notional building has the same size, shape, orientation and up to
a point, glazing proportions as the proposed building. In domestic
developments, the notional building’s fabric and services
specifications are standardised and defined by the Part L notional
building requirements. For non-domestic developments, the fabric
specifications are also standardised, however the services
specifications change according to the proposed building’s services.
For example, if the proposed building has a heat pump system, then
the notional building will also be modelled as a heat pump system;
and if it has a gas boiler, then the notional building also has a gas
boiler. However notional building efficiencies and specifications are
assumed. Therefore, the baseline (notional building) for non-domestic
developments is “floating” as it is dependant on the proposed
building services strategy.

Target (TER) and Dwelling/Building (BER/DER) Emission Rates

The baseline (notional building) emission rate is used to set the
Target Emission Rate (TER), and the proposed building emission rate
is known as the Dwelling or Building Emission Rate (DER or BER)
respectively for domestic and non-domestic development..

The percentage improvement is calculated according to the formula
below:

(TER) - (DER/BER)
(TER)

x 100%

3.0 New buildings: strategic planning policy options for London Boroughs

% Improvement

over Part L notional building

Regulated CO, emissions

Key

| R

DER/BER

Baseline Proposed
(Notional building) Building
TER DER/BER

Figure 3.6 — The key metric in Policy option 1 is the % reduction in regulated carbon emissions
against baseline, represented by the notional building, an ‘equivalent building” with the same
size and shape but with standardised proportions of windows and specifications.
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3.4

Introduction to Policy option 2:

Absolute energy performance targets

3.0 New buildings: strategic planning policy options for London Boroughs
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Policy option 2 | Absolute energy performance targets

Policy option 2 for London boroughs is to introduce a Net Zero

Carbon building policy in line with the emerging industry definition of .
Net Zero Carbon new buildings. This would require the introduction Newham.London
of the following requirements and energy performance metrics.

1. No fossil fuels on-site
This would be consistent with the GLA’s Accelerated Green
Pathway which relies on banning new gas boilers.

NEW LOCAL PLAN | CLIMATE EMERGENCY

Operational energy and carbon evidence base

2. Space heating demand (e.g. <15-20 kWh/mZ.yr).
This would be consistent with the CCC's recommendations’.

3. Energy use intensity (EUI) (e.g. <35 kWh/mZ2.yr for domestic).
This would be consistent with the current industry definition of Net

Zero carbon new buildings in operation.

4. Renewable energy generation (e.g. to match the EUIl or >100 Figure 3.7 - Evidence base for the London Borough of Newham’s new Local Plan
KWh/m?2 hi Idi .. | https://www.newham.gov.uk/planning-development-conservation/newham-local-plan-
Wh/m footprim.yr). This would incentivise more renewable energy ‘fp_re ash/A

generation on new buildings and a balance with energy use.

First Proposals

5. Upfront embodied carbon au

This is not covered by this report but should become a policy. o t -
imate Emergency

Development Plan Document
Local authorities using absolute energy performance targets S Subinisuien Cometation | Raliciicy agdt
rategic Planning
The list below includes the names of local authorities which have
already published proposed policies consistent with option 2 above:
Cornwall Council (Climate Emergency DPD), Bath & North East

Somerset Council (Local Plan), London Borough of Newham (Local

Plan), Greater Cambridge (Local Plan), Central Lincolnshire (Local
Plan) London Borough of Merton, from 2025 (Local Plan).

Figure 3.8 (Left) Cornwall Council Climate Emergency DPD and associated evidence base

GLA energy guidance (2022) and energy-based metrics https://www.cornwall.gov.uk/planning-and-building-control/planning-policy/adopted-
plans/climate-emergency-development-plan-document/

The GLA now requires applicants to report the Energy Use Intensity

(EUI) and space heating demand of the development. Figure 3.9 (Right) Greater Cambridge New Local Plan
https://consultations.greatercambridgeplanning.org

! See the report ‘The Future of Housing’, Climate Change Committee, 2019
2 See 2022 Energy Assessment guidance item 1.7

3.0 New buildings: strategic planning policy options for London Boroughs
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Policy option 2 | How does it work?

An overarching policy

Policy option 2 would rely on an overarching policy requiring all new
buildings to be designed and built to be Net Zero Carbon in
operation. More specifically, it would introduce a number of
associated policies on:

*+ Space heating demand

* Low carbon heat

* Energy Use Intensity (EUI)

+  On-site renewable energy generation

* Assured energy performance (i.e. design and construction checks)
+  Offsetting (as last resort)

+ Embodied carbon policies (outside the scope of this report)

Space heating demand

Various design and specification decisions affect space heating
demand including building form and orientation, insulation, air-
tightness, windows and doors and the type of ventilation system. The
Climate Change Committee recommends a space heating demand
of less than 15-20 kWh/m?/yr for new homes, therefore the policy
requirement on space heating demand could be that all buildings

should achieve a space heating demand of less than 15 kWh/m?g,,/yr.

Energy Use Intensity (EUI)

For new buildings to be compliant with our climate change targets,
they need to use a total amount of energy which is small enough so
that it can be generated entirely, on an annual basis, with renewable
energy and low carbon resources. The EUl metric is also very
beneficial as it can be measured post-construction, therefore helping
to drive down the performance gap which is such a significant issue in
the construction industry. The policy requirement on EUI could be
that all buildings should achieve an Energy Use Intensity (EUI) of no
more than a maximum (e.g. 35 kWh/m?g,,/yr for domestic).

3.0 New buildings: strategic planning policy options for London Boroughs

[ Factors influencing space heating demand\
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Figure 3.10 — The space heating demand metric
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Figure 3.11 — The Energy Use Intensity (EUI) metric
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Policy option 2 | Energy Use Intensity (EUI): a simple, measurable metric

What is the EUI?

The Energy Use Intensity (EUI) represents the total amount of energy
used by a building divided by its floor area (GIA). It is reported in
kWh/mZ2.year. It is based on delivered energy and does not need to
be converted in primary energy using any factors.

The EUl is a good indicator of the energy efficiency of a
home/building and can be calculated or checked at both design
stage and post completion. For homes/buildings heated by an
individual heating system, it is will be very easy to check for the
occupant/resident as it will be the annual ‘energy at the meter’
divided by the floor area.

For communally heated dwellings/buildings heat ‘at the meter’ will
need to be converted to heat energy (further information on this is
provided later in the report).

What is included in the EUI?

EUl includes both the energy use and energy
use. Energy generated by on or off-site renewables does not affect
the EUl value. For example, the EUl will be the same whether the
building has PV or not. The EUI calculation does also not include
charging of electric vehicles, as long as this is sub-metered.

For further detail refer to LETI guidance on net zero and EUI.

KEY
Regulated energy Electric vehicle
charging
Unregulated energy

Not included in the EUI
calculation

At design and
construction
stages

—>

TOTAL energy use per year in kWh
(using predictive modelling)

completion

TOTAL energy use per year in kWh
(electricity and converted heat meter

Regulated

EUI

Unregulated
Gross internal floor area kWh/m?/yr

of the building in m?

EUI

202

Gross internal floor area kWh/m?2/yr

of the building in m?

readings)

Figure 3.12 — The Energy Use Intensity (EUI) during design construction and post-completion

On and off-site
renewable energy
production

Space heating Mechanical  Lighting
cooling

Domestic hot water  Mechanical ventilation

Plug loads, lifts and
IT etc.

Figure 3.13 - What is included in the EUI?
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Policy option 2 | Bath & North East Somerset | Policy and extracts of the Planning Inspector’s report

Bath and North East Somerset adopted
their new policy in January 2023,
becoming the first council in England to
successfully adopt an energy-based net
zero housing policy as part of its
commitment to tackling the climate
emergency.

“The new housing development policy
will ensure the energy use of any
proposed development is measured
and meets a specified target — setting
a limit on the total energy use and
demand for space heating. It will also
require sufficient on-site renewable
energy generation to match the total
energy consumption of the buildings —
ensuring the development is 100% self-
sufficient.

The council will also impose net zero
operational carbon standards for new
major non-residential development.

The policy is the first new housing
policy to be net-zero aligned based on
2030 trajectories of industry-leading
organisations such as the London
Energy Transformation Initiative (LETI),
the Royal Institute of British Architects
(RIBA) and the Chartered Institute of
Building Services Engineers (CIBSE).”

Source: B&NES Council’'s website

Policy SCR6 - New
Build Residential

New build residential development will
be required to meet the standards set
out below.

New build residential development will
aim to achieve zero operational
emissions by reducing heat and power
demand then supplying all energy
demand through onsite renewables.
Through the submission of an
appropriate energy assessment, having
regard to the Sustainable Construction
Checklist SPD, proposed new
residential development will
demonstrate the following:

e Space heating demand less than
30kWh/m%annum;

e Total energy use less than 40kWh/
mzlannum; and

e On site renewable energy generation
to match the total energy use, with a
preference for roof mounted solar PV

e Connection to a low- or zero-carbon
district heating network where
available

Figure 3.14 — Net Zero policy adopted by Bath &
North East Somerset Council based on energy
metrics

¥ The Planning Inspectorate

Report to Bath and North East Somerset
Council

oy il Lowis BA{Hons) MA MRTPI

i Secsetary o o

Plaeing ans Compidsory Purshass Act 2004 e meecad)

Socton 20

Report on the Examination of the Local Plan
(Core Strategy and Placemaking Plan) Partial
Update

Figure 3.15 — Selected extracts

of the Planning Inspector’s
report on the examination of
B&NES'’s Local Plan partial
update (December 2022)

79. Policy SCRé6 is concerned with sustainable
construction for new residential buildings,
aiming to achieve zero operational emissions
by reducing heat and power demand and
supplying all energy demand through onsite
renewables. The Policy includes limits on
space heating and total energy use, taking an
energy based approach, rather than being
based upon carbon reduction as per the
Building Regulations. The approach taken in
the Plan to energy usage applies to both
regulated and non-regulated energy use,
which is a further difference to that taken in
the Building Regulations which are
concerned only with regulated energy use.

85. | therefore consider that the relevance of
the WMS 2015 to assessing the soundness of
the Policy has been reduced significantly. [...]
For the reasons set out, that whilst | give the
WMS 2015 some weight, any inconsistency
with it, given that it has been overtaken by
events, does not lead me to conclude that
Policy SCRé is unsound, nor inconsistent with
relevant national policies.

86. | am satisfied that the energy efficiency
standards set out in Policy SCR6 are justified
and that they would not threaten
deliverability or viability of housing
development



Policy option 2 | Cornwall Council | Policies and extracts of the Planning Inspector’s report

Climate Emergency
Development Plan Document

Pre-Submission Consultation | February 2021
Strategic Planning

Figure 3.16 — Net Zero policy adopted
by Cornwall Council based on energy
metrics

Appendix 1

# The Planning Inspectorate

Report to Cornwall Council
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Council Climate Emergency Development Plan
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The Plan was b for avamination o0 § Novarber 2021

Toa s, g waee o babwaae, 21 e 14 e 2401

[p—

Figure 3.17 — Selected extracts
of the Planning Inspector’s
report on the examination of
Cornwall Council’s Climate
Emergency Development Plan
Document (January 2023)

Policy SEC1 — Sustainable Energy and Construction
Development proposals will be required to demonstrate how they have implemented the principles and requirements set out in the policy below.

2b. New Development — Residential
Residential development proposals will be required to achieve Net Zero Carbon and submit an ‘Energy and Carbon Statement’ that demonstrates how the

proposal will achieve:

* Space heating demand less than 30kWh/m2/annum;

* Total energy use less than 40kWh/m2/annum; and

¢ On-site renewable generation to match the total energy use, with a preference for roof mounted solar PV.
Where the use of onsite renewables to match total energy consumption is demonstrated to be not technically feasible (for example with apartments) or
economically viable, renewable energy generation should be maximised as much as possible; and/or connection to an existing or proposed district energy
network; or where this is not possible the residual carbon offset by a contribution to Cornwall Council’s offset fund.

Cornwall Council’s Climate Emergency DPD has successfully completed the examination process in January 2023.
Relevant extracts of the Planning Inspector’s report include the following:

172.[...] the Plan requires residential development proposals to achieve net zero carbon with applications to be accompanied by an
Energy and Carbon Statement demonstrating how the proposal will achieve: space heating demand of less that 30kWh per square metre
per annum; total energy consumption of less than 40kWh per square metre per annum; and on-site renewable energy generation to
match the total energy consumption with roof mounted solar PV as a preference. It goes on to say that where meeting onsite energy
demands through renewables is not possible on-site technically, or not viable, renewable energy generation on-site should be maximised
and/or a connection to an existing or proposed District Heating Network facilitated. If this is not possible, then the residual carbon
should be offset through a contribution to Cornwall Council’s offset fund.

174. Broadly, as set out above, this approach is soundly based and justified. There is however a need to make some parts of these
requirements more transparent given that the policy is aimed at energy use, not carbon emissions. First, given the approach taken the
initial part of this policy element needs to say that what is required is an Energy Statement rather than an Energy and Carbon Statement.
Second, and linked to that point, it needs to set out that it is the residual energy that must be offset by a contribution rather than the
residual carbon. These changes are needed to make the policy effective.

Conclusion

182. With these MMs, my view is that the requirements of Policy SEC1 are acceptable in the light of what the Plan aims to achieve.

3.0 New buildings: strategic planning policy options for London Boroughs
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3.5

Key considerations for selecting the right
policy option for your borough

3.0 New buildings: strategic planning policy options for London Boroughs
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Key difference 1 | A relative target (Policy option 1) or Absolute target (Policy option 2)

Validating performance against the targets

Policy option 1 is based on a required improvement over compliance
with building regulations, determined using a baseline: the ‘notional
building’. The notional building has the same shape, orientation and,
up to a point, the same glazing proportions as the actual proposed
building design. For clarity, the notional building is fictional and is
created by the compliance software only for building regulations
purposes. The % improvement over a notional building is an
intangible requirement that cannot be measured, whereas an
absolute energy use target in kWh/mZ2.yr (as per Policy option 2) can
be checked against metered energy in the occupied building. This
makes post-construction verification and learning from a feedback
loop easier with the absolute target.

Incentivising better design

Improving the design of a building by reducing the extent of heat loss
areas, the number of junctions, and by optimising elevation design
are widely considered as essential components of an energy efficient
design. However, comparing a development to its own notional
building (Policy option 1) essentially neutralises the benefit of these
measures and moreover does not penalise inefficient building
designs. With an absolute target (Policy option 2), the benefits (or
penalty) of changes to the building form and design are assessed and
good design practice is rewarded.

Additional issues with changing carbon and primary energy factors

Policy option 1 relies on carbon emission factors and primary energy
factors that introduce additional complexity.

Compliance with energy use metrics (Policy option 2) is only affected
by changes in building design, and not by these wider ‘system
factors’.

3.0 New buildings: strategic planning policy options for London Boroughs

%
improvement
over notional

building

Is not a ‘physical” metric
Is a concept only experts can understand
Cannot be checked during operation

Cannot be used to ‘close the loop’ and
improve the system over time

Does not reward good design e.g. form

kWh/m?2/yr
at the meter
(EUI)

V' Is a 'physical” metric which can be
measured

v Can be understood by all professionals,
and most consumers

v Can be checked against in-use data

Figure 3.18 - The relative metric used by Policy option 1 (i.e. % improvement over Part L) has a
number of unintended consequences which hinder the continuous improvement of building

design, consumer trust and performance outcomes.

Improvement ~ Space heating  Space heating

over Part L demand demand

(%) (KWh/m?/yr) (KWh/m2/yr)
SAP SAP PHPP

High f

fa'cgtororm 35% 18 26

Medium == e-.___.t_ .

form factor e : = 35%

—E—
Low f S
oworm T 37% 11 13

factor — ‘:

Figure 3.19 - A more efficient form is important for low energy buildings, but it is not rewarded
by the notional building approach: with similar specifications (e.g. U-values) the performance
against Part L (%) calculated by SAP for the three buildings above is broadly similar despite the
fact that space heating demand is much smaller with a more efficient design.
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Key difference 2 | A single metric (Policy option 1) or a suite of metrics (Policy option 2)

A single metric for policy option 1

Policy option 1 uses a single performance metric: the reduction in
regulated carbon emissions over the building regulations Part L limit
expressed as a percentage (e.g. 35% better than Part L 2021). This
amalgamates into one metric the building's efforts in terms of energy
efficiency, low carbon heat and renewable energy generation.

A suite of metrics for policy option 2

Policy option 2 uses a set of metrics to separately measure each of
the key attributes needed to achieve Net Zero:

* Space heating demand (kWh/m?2.yr) for energy efficiency
*  Gas use (yes/no) for low carbon heat
«  EUI (kWh/mZ2.yr) for energy efficiency (including system efficiencies)

+ Energy balance (kWh/mZ2.yr) or total renewable energy generated
((kWh/mzfp.yr) for renewable energy generation.

Why a suite of metrics can be better for Net Zero?

Having a dedicated metric per key objective (e.g. space heating
demand for fabric energy efficiency) helps to deliver a minimum or
threshold performance for each objective. This avoids ‘trading’
between the different objectives and recognises each as being
essential components of a Net Zero Carbon new building.

Energy, not CO,, is the best metric

As the grid decarbonises, there is a real risk that looking only at the
carbon emissions will dilute the differences between buildings. A
move towards energy metrics would ensure the ability to distinguish
and support good building design is maintained.

Regulated energy or total energy

Policy option 1 does not include CO, emissions from equipment and
appliances. This represents approximately 50% of energy use in a low
energy home.

3.0 New buildings: strategic planning policy options for London Boroughs

Policy option 1

% better
than Part L
2021

Policy option 2

Space
heating EUI
demand

kWh/m?.yr kWh/m?2.yr

Renewable
energy Gas use
generation

kWh/m?fp.yr Yes/no

Figure 3.20 — Key metrics used in Policy options 1 and 2

Include ALL
energy uses

Limit overall
energy
consumption

Limit space
heating
demand

Net zero carbon building balance

/
|
|
|
|
|
|
|
|
|
|

Energy use

Provide as much renewable

energy on-site as possible.
On-site .
Provide renewable energy

off-site if on-site energy can
not achieve a balance

- O EE s e e s e e

Renewable energy generation

Figure 3.21 — How energy metrics help to deliver zero carbon buildings. The goal is simple

and tangible - to achieve a balance between energy use and renewable energy generation on-
site. The definition also includes the requirement to limit the energy required for space heating

and limit overall energy use, which reduces the amount of renewable energy needed on-site.
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Key difference 3 | Part L energy modelling (Policy option 1) or Predictive energy modelling (Policy option 2)

Part L modelling for Policy option 1

SAP (domestic) and the National Calculation Methodology (NCM)
(non domestic) are the calculation methodologies used to
demonstrate compliance with Part L of the Building Regulations. SAP
(Standard Assessment Procedure) is used through the associated SAP
software and the NCM and (National Calculation Methodology)
through SBEM and Dynamic Simulation Modelling (DSM) tools. Policy
option 1 relies on the same tool.

However, until now, these Part L energy assessment methodologies
were developed only to check compliance with Building Regulations.
They were never meant to perform key functions that are required to
deliver Net Zero carbon buildings, and most importantly they were
not meant to predict future energy use accurately. This is a widely
accepted fact in the industry which all stakeholders agree with.

It seems that when these tools were first mandated to be used at
planning stage, approximately 15 years ago, it was to minimise the
burden on applicants. A different and better type of energy
modelling may be required if Net Zero Carbon buildings are to be
delivered.

Predictive energy modelling for Policy option 2

The accuracy of energy modelling is important to ensure it provides a
reasonable indication of future energy use. While behaviour of the
users may vary once a building is occupied, predictive energy
modelling can be used to reliably estimate energy use and to drive
suitable design and construction decisions. For domestic buildings,
the PHPP methodology and excel based tool have been shown to
predict energy use much more accurately than the current version of
SAP. For non domestic buildings, predictive energy modelling using
the methodology set out in CIBSE Technical Memorandum 54 (TM54)
allows estimation of the operational energy for all end uses of a
building. IESVE, TAS and PHPP are three energy modelling packages
that can be used to carry out TM54 assessments.

3.0 New buildings: strategic planning policy options for London Boroughs

Part L modelling Predicted energy use modelling

Domestic

Non-domestic

NCM (Part L2A) PHPP or DSM (TM54)

Figure 3.22 - There is a significant difference between Part L modelling currently used to
demonstrate compliance with planning policy and predicted energy use modelling.

Part L model versus TM54 estimate versus actual In the UK, energy models are used at
550 W Lifts the design stage to compare design
200 B seners op?:o‘ns and to check compliance with
office Building Regulations. These energy
% 250 equipment models are not intended as predictions
= Lighting of energy use, but are sometimes
£ 200 mmFans. pumps,  mistakenly used as such.
= controls
E Coaling
g 150 In some other countries, total energy
8 [ Hot water . . .
E] (gas) use at the design stage is estimated
£ 100 -{";Tsf]ing through voluntary standards. For
sol || example, the Australian NABERS (a
building rating system) encourages the
estimation of energy use at the design
Original Ti54 Actual

Part L Medel Estimate stage and provides guidance for
designers/modellers.

Figure 3.23 - Extracts of CIBSE Technical Memorandum 54 (TM54): Evaluating operational
energy performance of buildings at the design stage
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Key difference 3 | Part L energy modelling (Policy option 1) or Predictive energy modelling (Policy option 2)

Policy Option 1

Part L compliance energy modelling

Energy use Renewable generation

_T_Qcﬁ.><>< {},:.

Ventilation Heating/ Internal Hot  Cooking/ Appliances/
Cooling Lighting water  catering T/ lifts/
equipment

a0

Other energy uses . PV Generation
Cooking / Caterin
60 9 g

E_ 1+ Equipment*

§ Lifts

kWh/m?2/year

0 External lighting

Lighting

. Auxiliary (fans and pumps)

. Cooling

. Domestic hot water
. Space heating

20

* Equipment is described as an “unregulated” load in Part L

and so is not impacted by % reduction over Part L

Figure 3.24 — Energy uses assessed by a typical Part L compliance energy model

Note: the Part L softwares can assess unregulated energy use and this assessment can be used for ‘be seen’.
However, this is a standard assessment which does not reflect the actual building. And as it is not taken into
account in any Part L/ policy / Be seen target there is no incentive to reduce it.
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Policy Option 2

Predictive energy modelling

Energy use Renewable generation

o Q& B

Ventilation Heating/ Internal Hot  Cooking/ Appliances / PVs
Cooling Lighting water  catering IT/ lifts /
equipment
80
g Other energy uses
;;‘Z‘ 40 Cooking / Catering
1 Kk
< . Equipment PV Generation
E B uifis
40 . External lighting
Lighting
. Auxiliary (fans and pumps)
20 . Cooling
. Domestic hot water
. Space heating
0
** Renewable energy is excluded from Energy Use Intensity
but a seperate policy can be set to encourage best practice

Figure 3.25 — Energy uses assessed by a typical predictive energy model
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3.6

Minor applications and refurbishments

3.0 New buildings: strategic planning policy options for London Boroughs

Return to contents >

N
~



Minor applications

Should minor applications be exempt from the requirements of Policy
options 1 or 2?

The definition of a minor application

This is generally set by each borough, but as a guide, under the Town
and Country Planning Act, a major development is defined as:

* 10 or more dwellings, (or a site with an area of 0.5 hectares or
more where the number of dwellings is unknown), or

* the floor space to be created by the development is 1,000 square
metres or more; or

* asite having an area of 1 hectare or more.

A minor application would therefore be one under these thresholds.

There is no technical reason to create an exemption

The implications of both policies in terms of design and construction
(e.g. wall U-values, low carbon heat, PV renewable energy generation)
are not different for minor applications, and it is not easier or more
challenging to comply with Policy option 1 or 2 for them.

It is also important that the performance requirements of all new
developments are consistent with the Net Zero ambition and with
each other. Allowing a derogation for schemes below an arbitrary
threshold would create a ‘loophole’ that would be exploited.

Simplifying reporting requirements

Simplifying the reporting requirements for minor applications through
the use of pro forma reports for developments that fall under a set
threshold would reduce the pre-planning costs to developers.

Developers of individual houses or commercial units or shops may
also not have access to the resources needed to carry out predictive
energy modelling (Policy option 2). An exemption may be envisaged
for these very small developments but this exemption should be
handled with care and restricted only to specific minor applications.

3.0 New buildings: strategic planning policy options for London Boroughs

Sustainable Design Statement -
Householder Applications

e e v e v v

Figure 3.26 - Many boroughs have standard templates for minor applications for specific
aspects of the application. A similar approach could be adopted for energy reporting for
specific schemes less than a threshold number of homes or m? of commercial development.

(Examples shown are Westminster City Council and London Borough of Merton)

Development of less than 100 square metres, unless this consists of one or
more dwelling

Buildings into which people do not normally go

Buildings into which people go only intermittently for the purpose of
inspecting or maintaining fixed plant or machinery

Structures which are not buildings, such as pylons and wind turbines;

The following can be subject to an exemption or relief where the relevant criteria

are met, and the exemptions are applied for prior to work commencing:

residential annexes and extensions ;
‘self-build” houses and flats,
social housing that meets specific criteria

charitable development that meets specific criteria

Figure 3.27 — Examples of exemptions: the Community Infrastructure Levy (CIL)
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Existing buildings and refurbishments

This document focuses on new buildings, i.e. new constructed
structures, as opposed to the renovation or refurbishment of existing
structures. There are no technical reasons why Policy options 1 or 2
should not be applied to existing buildings and their refurbishment. In
some cases, the framework of these policies could be used and the
quantified targets left unchanged (e.g. major refurbishment). In some
other cases, the targets may have to be changed. This review is
however not within the scope of this report.

Change of use, conversions and major refurbishments

Where an existing building is being converted to a different use type,
the performance of the converted property should not be worse than
a new building of the same use type.

A major refurbishment would offer virtually the same opportunity as a
new build in terms of energy efficiency, low carbon heat and
renewable energy generation.

There is also a benefit, in carbon terms, of reusing existing buildings,
especially the sub structure and superstructure where most of the
embodied carbon in buildings is captured. It may be appropriate to
incentivise reuse of existing structures financially, by not requiring
offset payments to be made for residual carbon emissions.

Listed buildings, conservation areas, extensions and alterations

For heritage buildings, retrofit measures which reduce energy use and
carbon emissions should be encouraged, as should the development
of whole building energy improvement strategies.

For listed buildings, which will each need to be assessed on their
individual merits, Historic England have published guidance on
planning responsible retrofit of historic buildings which could be used
as a reference for local policy. In conservation areas where buildings
are not listed, some specific allowable solutions could be permitted.
Supplementary guidance (e.g. on double or triple glazing, solar PVs,
heat pumps), may help to dispel the current perception that they are

simply not allowed anywhere.
3.0 New buildings: strategic planning policy options for London Boroughs

S
A Historic England  Building and Landscape Conservation

The Sustainable Use of Energy in Traditional
Dwellings: Using legislation and policy to guide
decision-making

Prepared for Historic England by the Centre for Sustainable Energy

Discovery, Innovation and Science in the Historic Environment

Research Report Series 46-2017

==
AWA Historic England

Energy Efficiency and
Traditional Homes

Historic England Advice Note 14

Figure 3.28 - Historic England have published guidance for owners of heritage buildings and
also for policy makers and planners on how to balance the need for improvements in energy

performance with protection of heritage assets.
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Energy and cost modelling evidence base

Methodology, typologies and specifications



4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications

Energy and cost modelling represent the core of
this evidence base. Before presenting the extensive
results of these analysis, this sections summarises
the team'’s general approach to energy and cost
modelling.

It explains which building archetypes were
selected, and how different specifications were
modelled.

It also introduces how heat networks were assessed
in this study.

4.1

Approach to
energy and cost
modelling

4.2

Specification
scenarios
modelled

4.3

Note on the
assessment of
heat networks in
this study

4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications
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4.1

Approach to energy and cost modelling




Energy and cost modelling analysis | Purpose and archetype selection

Purpose of energy and cost modelling

Energy and cost modelling constitutes the core of this technical
evidence base. Its purpose is to investigate how different building
archetypes would perform against the metrics in Part L 2021, Policy
option 1 and Policy option 2, using different combination of
specifications. These results can then be used to inform the process of
target setting by officers, and constitute the evidence that the
associated policies are technically achievable. Finally, the cost
modelling can be used to identify the additional cost of these policies
above minimum building regulations compliance (Part L 2021).

Archetype selection

In order to undertake the energy and cost modelling for this technical
evidence base, a number of domestic and non-domestic archetypes
had to be identified and assessed.

There is obviously a very wide rage of building types in London and
within each building type an almost infinite variety of buildings. In
discussions with the 18 London boroughs, we have identified 8
building archetypes: four domestic (i.e. terrace house, low-rise,
medium-rise and high-rise apartment buildings) and four non-
domestic (i.e. office, school, light industrial/warehouse and hotel).

We have then identified one building for each of these building types
(see adjacent images). The building is obviously just an example and
there are inherent limitations (e.g. a primary school was chosen for the
‘schools’ category, not a secondary school). However, it is very
common for technical evidence bases to be based on selected
buildings. It can always be expanded with more buildings/building
types if required by one or several London boroughs.

24 different scenarios/combinations of specifications

24 different scenarios were modelled, combining different
specifications in terms of fabric and ventilation, heating system and
solar PVs. See section 4.2 and the appendix for further details.
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Domestic archetypes selected

Terrace house

\ R [ﬂ U{/ 95 sgm
‘ U m’ This building represents
=" the generic Terrace house

new build typology
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N
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3/4 storeys

641 sgm

Mgy 009
This building represents
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cucecoooo

e

apartment buildingnew
build typology

3\
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Non-domestic archetypes selected

Office
7 storeys
4,000 sgm

This building represents the
generic office building new
build typology

School

3/4 storeys

6,000 sgm

This building represents the
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=
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=
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generic school building new
build typology

Figure 4.1 — Graphical representation of the 8 buildings chosen as archetypes

Mid-rise
5 storeys
3,200 sgm

This building represents the
generic Mid-rise apartment
building new build typology

High-rise
15 storeys
15,500 sgm

This building represents the
generic High-rise apartment
building new build typology

Please note that the findings will be

very similar for a high-rise of 40-50

storeys

Industrial
2 storeys
9,000 sgm

This building represents the
generic industrial building
new build typology

Hotel
11 storeys
3,900 sgm

This building represents
the generic hotel building
new build typology
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4.2

Specification scenarios modelled




Energy and cost modelling analysis | Specifications modelled

Specification scenarios modelled

A fair and balanced set of specifications which considered various
levels of performance for fabric and ventilation, heating systems and
renewable energy provision were modelled. The performance of
these scenarios ranged from ‘business as usual’ approaches to more
ambitious ‘ultra-low energy’ levels. We selected three specific sets of
building fabric, ventilation, heating and renewable energy
specifications tailored to each archetype that would represent this
spread of performance and be practical to build. An example for the
mid-rise apartment building is provided in this section and the
specific assumptions for all eight building archetypes are all available
in section 12.0 Appendices.

Part L 2021 compliance modelling outputs

Each of theses 24 different scenarios were modelled for each of the 8
typologies using Part L 2021 accredited software based on SAP 10.2
for domestic buildings (i.e. Elmhurst Design SAP 1.7.25) and the
NCM methodology for non-domestic buildings (i.e. EDSL’s Tas and
IES’s VE). The following outputs were analysed regulated carbon
emissions, primary energy use and FEE (Fabric Energy Efficiency).

Part L modelling outputs for Policy option 1

Results were analysed to investigate how the different cases would
perform against the requirements of Policy option 1 in terms of:

* Regulated carbon emissions - % improvement over Part L 2021
* Regulated carbon emissions - ‘Be Lean’ performance

Predictive energy modelling outputs for Policy option 2

The buildings were also modelled using a predictive operational
energy modelling tool: PHPP (10) for domestic buildings, EDSL's Tas
and |ES’s VE using CIBSE TM54 methodology for non-domestic
buildings. They were used to calculate the space heating demand
(SHD) and Energy Use Intensity (EUI) for each scenario and each
building.
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Heating system

Solar PVs

Business as usual*

Gas boiler

No

Good practice

Direct electric

High provision of PVs

Ultra-low energy

Less efficient
heat pump

Table 4.1 - The 24 scenarios modelled are based on different permutations of the above parameters

More efficient
heat pump

* The 'Business as usual’ scenarios is meant to represent the type of fabric and ventilation

specifications that most applicants in London would consider ‘standard’ in the last 5-10 years.

1

Business as Usual*

2

Good Practice

3

Ultra Low Energy

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level
of performance: better than business as usual
but not as good as ultra low energy.

This scenario represents a feasible best
practice level of performance, approximately
equivalent to Passivhaus.

Floor U-Value (W/m?K) 0.13 0.10 0.08
External wall U-Value (W/m?K) 0.18 0.15 0.13
Roof U-Value (W/m?K) 0.15 0.12 0.10
Soffit U-Value (W/m?K) N/A N/A N/A
Windows

U-value (W/m’K)
Windows g-value

1.40
0.4

1.20
0.5

0.80
0.5

External doors (W/m2K)

N/A

N/A

N/A

Thermal bridging (W/m2K)

Good practice
(e.g. y-value = 0.1 W/m?K)

Better practice
(e.g. y-value = 0.07 W/m?K)

Best practice
(e.g. y-value = 0.04 W/m2K)

Air Permeability (m?/m2/hr)

3

3

<1

Ventilation system and design

Good quality MVHR
Long ducts to outside

High quality MVHR
Long ducts to outside

High quality MVHR
Short ducts to outside

MVHR heat recovery efficiency

85%

90%

90%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/I/s (PHPP)

0.7 W/I/s (SAP)
1.25 W/I/s (PHPP)

0.6 W/I/s (SAP)
0.85 W/I/s (PHPP)

Table 4.2 - Example of the three different levels of fabric and ventilation efficiency considered.

Although the same ‘levels’ are considered for each typology, the detailed fabric and ventilation

specifications for each of these levels are specific to each typology. An example for the mid-rise

apartment building can be found on the following pages. The full list of assumptions for each

typology can be found in Appendix.
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Mid rise apartment building | Fabric & Ventilation

The SAP Calculations assume a 5 story building.

=+

1

Business as Usual*

2

Good Practice

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level

of performance: better than business as usual
but not as good as ultra low energy.

Floor U-Value (W/m?K) 0.13 0.10
External wall U-Value (W/m?K) 0.18 0.15
Roof U-Value (W/m?ZK) 0.15 0.12
Soffit U-Value (W/m?K) N/A N/A
Windows

U-value (W/m?K) 1.40 1.20
Windows g-value 0.4 0.5
External doors (W/m?K) N/A N/A

Thermal bridging (W/m?2K)

Good practice
(e.g. y-value =~ 0.1 W/m?K)

Better practice
(e.g. y-value =~ 0.07 W/m?K)

Air Permeability (m3/m2/hr)

<3

<3

Ventilation system and design

Good quality MVHR
Long ducts to outside

High quality MVHR
Long ducts to outside

MVHR heat recovery efficiency

85%

90%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/1/s (PHPP)

0.7 W/I/s (SAP)
1.25 W/I/s (PHPP)

Table 4.3 - Specifications assumed for each level of fabric and ventilation performance for the mid-rise apartment building

(=) New input for SAP 10.2

* The term ‘Business as Usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment building. For consistency it has not

been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and ventilation specifications

13.0 Appendices

Return to contents >

(&2
o~



Energy and cost modelling analysis | Business as usual, Notional building and Part L compliance

Notional building

Part L uses a notional building specification to
generate the “baseline” (i.e. Target Emission
Rate TER / Target Fabric Energy Efficiency TFEE
/ Target Primary Energy Rate TPER). This is a
predefined set of performance values from
building regulations Part L 2021. The values
differ between domestic and non-domestic
typologies.

Business as usual

The ‘Business as usual’ scenario is meant to
represent the type of fabric and ventilation
specifications that most applicants in London
would consider ‘standard’ in the last 5-10 years.
This scenario is unchanged from the 2019 study
and is not intended to be a replica of the
‘notional building’ specification.

Why ‘Business as usual’ and not Notional
building?

For consistency between the studies it has not
been changed since 2019. We believe that this
approach is acceptable and representative of
‘Business as usual’.

Notional building
(used in 2019 study)

0

Notional building 2021
(used in 2023 studly)

1

Business as usual

Description

This scenario represents the
minimum energy efficiency
performance required by Part L
2013 building regulations.

This scenario represents the
minimum energy efficiency
performance required by Part L
2021 building regulations.

This scenario represents the type
of energy efficiency performance
most applicants are used to
deliver.

Floor U-Value (W/m?K) 0.13 0.13 0.13

External wall U-Value 0.18 0.18 0.18

(W/m?K)

Roof U-Value (W/m?K) 0.13 0.1 0.15

Soffit U-Value (W/m?K) N/A N/A N/A

Windows

U-value (W/m?K)* 1.40 1.20 1.40

Windows g-value 0.63 0.63 0.40

External doors (W/m?K) N/A N/A N/A

Window area As per design, windows are As per design, windows are As per the design

limited to 25% of the floor area

limited to 25% of the floor area

Thermal bridging (W/m?K)

y-value =~ 0.05 W/m?K

y-value =~ 0.05 W/m?K

Good practice
(e.g. y-value = 0.1 W/m?K)

Air Permeability (m3/m?/hr)
at 50 Pa

(€]

3

Ventilation system and
design

Natural ventilation with
intermittent extract fans

Natural ventilation with
intermittent extract fans

Good quality MVHR
Long ducts to outside

MVHR heat recovery N/A N/A 85%
efficiency
MVHR specific fan power N/A N/A 0.8 W/I/s (SAP)

1.75 W/\/s (PHPP)

Table 4.4 - Mid-rise apartment example: this table compares the domestic notional building specification from building regulations Part L 2013 and
2021 with the ‘business as usual’ specification used in this report.



Energy and cost modelling analysis | Heating systems modelled

Choosing which heating system to assess

Low carbon heat is one of the key pillars of Net Zero Carbon
buildings and it is widely recognised that the industry is currently
going through a paradigm shift. There is a move away from fossil fuel
based heating systems to all electric systems (e.g heat pumps). This
study looked to capture this necessary transition and its impact on
carbon emissions and building energy use respectively.

There is however no ‘one size fits all’ low carbon heating system
across all building archetypes, and there is a wide variety and
complexity of heating systems available in the market. In selecting a
heating system for new buildings, there are a series of pros and cons
which must be considered (e.g. efficiency, space, cost, operation and
maintenance, ownership, etc.) which will make a heating system more
suited to some building archetypes than others.

We had to consolidate this into a reduced number of options which
would be representative of new build projects in London. The heating
systems considered (and summarised in the ‘red’ specifications table)
are therefore different for each building archetype. It is important to
note that the intention for selecting the heating systems proposed
was to give a broad spectrum that would cover most systems typically
seen in these archetypes. It is recognised that other heating systems
not selected in this study may align with the performance metrics or
targets suggested as part of the policy recommendations.

Why are gas boilers being considered as an option?

Gas boilers should not be used in new buildings anymore. However,
the project team wanted to ensure an objective review of heating
technologies that would be considered ‘business as usual’. This was
also important to ensure that the cost analysis was fair and
representative of the current minimum building regulations
compliance.

4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications

A

Gas boiler

B

Direct electric

C

Heat Pump System
(less efficient)
Communal heat pump

D

Heat Pump System
(more efficient)
Ambient loop heat pump/
Individual heat pump

Description

Communal gas boiler supplying
heat interface units in all flats

Direct electric and individual
DHW tank

Communal air source heat pump
supplying heat interface units in
all flats

(1) communal air source heat
pump OR ground loop
supplying individual heat
pumps through an ambient
loop, or

(2) individual air source heat
pump system with DHW tank

Communal heating distribution
and Distribution Loss Factor (DLF)

Flow and return temperature
70°C/50°C .
Assumed DLF = 1.5

N/A

Flow and return temperature
60°C/40°C .
Assumed DLF = 1.5

Ambient loop or N/A
Assumed DLF = 1.0 or N/A

Heating emitters

LTHW radiators fed by HIU

Direct electric panel radiators

LTHW radiators fed by HIU

LTHW radiators fed by individual
heat pump or warm air

Hot water system

HIU provides instantaneous hot
water

80L hot water store with an
immersion heater in each
domestic unit

HIU provides instantaneous hot
water

An 80L hot water store in each
unit

Heating and hot water seasonal
efficiency

93%

100%

190% space heating
210% water heating

Blended efficiencies for SAP models
1/2/3: 200% /201% / 204%

330% space heating

280% water heating

Blended efficiencies for SAP models
1/2/3: 304% / 300% /293%

Showers &

2 showers - 8 |/min each

2 showers - 8 I/min each

2 showers - 8 I/min each

2 showers - 8 I/min each

Waste Water Heat Recovery

No WWHR assumed

No WWHR assumed

No WWHR assumed

No WWHR assumed

Internal lighting

30 light bulbs @ 5W and 95IW

30 light bulbs @ 5W and 95IW

30 light bulbs @ 5W and 95IW

30 light bulbs @ 5W and 95IW

Table 4.5 - Example of the four different heating systems considered for the mid-rise

apartment building. Although the same number of systems are considered for each typology,

the detailed heating system selection and specifications are specific to each typology.

SMALL / INDIVIDUAL

AlR

GROUND

'WATER/ OTHER

MEDIUM / COMMUNAL

LARGE / DISTRICT

-

z
g
H
E
i
z

<H

MEDIUM 62 LARGE -1

5

8
4

U LR e

LARGE A2

Figure 4.2 - Heat pumps are available in many different types and scales, from individual

systems to large scale heat pumps (© Etude for the Greater London Authority). This

study sought to select relevant solutions for each archetype, but more are possible.
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Mid rise apartment building | Building services CE,
+

This table summarises the different heating system assumptions modelled based on the four different scenarios. (=) New input for SAP 10.2

A

Gas boiler

Description Communal gas boiler supplying
heat interface units in all flats

Communal heating distribution Flow and return temperature
and Distribution Loss Factor (DLF) 70°C/50°C .
Assumed DLF = 1.05

Heating emitters LTHW radiators fed by HIU

Hot water system HIU provides instantaneous hot
water

Heating and hot water seasonal 93%

efficiency

Showers [= 2 showers — 8 |/min each

Waste Water Heat Recovery No WWHR assumed

Internal lighting 10 light bulbs @ 5W and 95IW

Table 4.6 — Specifications assumed for each type of heating system for the mid-rise apartment building

*  Please note that direct electric heating should be combined with an ultra-low level of energy use, delivered by an appropriate independently certified quality assurance standard, (e.g. Passivhaus).
Otherwise, it introduces a significant risk of high energy bills for the occupants.

13.0 Appendices
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Energy and cost modelling analysis | Approach to PVs

Choosing which PV area to assess

To ensure a robust and accurate evidence base for this study a PV

feasibility study was undertaken for each building typology, which

estimated the likely renewable energy generation from PV panels.

This page summarises its key conclusions, including the peak

electrical generation output (kWp), the area of PV panels and the

approximate percentage of total roof area used for PV panels.

The area for PVs and respective outputs, have been informed by

similar projects, current and emerging PV panel outputs, and efforts

to advocate for a ‘good practice’ practice’ approach.

Detailed PV assumptions

Jinko - Tiger Neo N-

Manufacturer Longi Hi-MOé Scientist 54 cell type 72 cell
Power output, W 425 575

PV panel dimensions (mm): 1722 x 1134 1722 x 1134
PV panel efficiency: 22.5% 22.6%
Minimum distance to parapets: Approx 0.6m
Minimum distance to other roof structures: Approx Tm

Maximum overshading of PVs:
(allowable shading losses)

10%

Other electrical losses:

14%

4.0 Energy and cost modelling evidence base | Methodology,

typologies and specifications

Terrace houses — 8 units

33.2 kWp

Mid-rise apartment building

152 m? of PV panels

54.5 kWp

36% of roof area

250 m? of PV panels

Low-rise apartment building

33% of roof area

23.4 kWp

High-rise apartment building

107 m? of PV panels

38 kWp

40% of roof area

170 m? of PV panels

Office

21% of roof area

54.8 kWp

Industrial building

432 m? of PV panels

76.7 kWp

70% of roof area

666 m? of PV panels

Max PV option

School

25% of roof area

135.5 kWp

Hotel

608 m? of PV panels

45 kWp

25% of roof area

202 m? of PV panels

50% of roof area

Figure 4.3 — Summary of PV assumptions confirming total PV panel area and kWp output
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Mid rise apartment building

This table summarises the different sizes of PV system assumed.

Solar PVs

Description This assumes a clear effort to design the roof
in order to maximise the area of PVs.

Photovoltaic Panels (kWp) 55

Assumed area (Panel area) 250m?

Tilt 10° (Horizontal)
Shading Average/unknown
Battery capacity (kWh) (=] N/A

Table 4.7 - Specifications assumed for the PV system

13.0 Appendices

| Photovoltaics (PVs)

&

(=) New input for SAP 10.2
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4.3

Note on the assessment of heat networks in this study




Connection to heat networks as a planning policy requirement

An important part of London’s decarbonisation strategy for buildings
in the last 15 years

Heat networks have been a central part of the GLA’s and many
London boroughs’ strategy to decarbonise new and existing buildings
in the last 15 years. Alongside efforts to improve energy efficiency of
buildings and increase renewable energy generation, heat networks
have been considered as one of the most important ‘tools’ available
to planning officers to accelerate heat decarbonisation in London.
Connection to district heating remains a policy requirement in the
London Plan in Heat Network Priority Areas.

The London Plan gives heat networks priority in the ‘heating
hierarchy’ and planning guidance seeks to ensure the delivery of
good quality heat networks.

Heat network: clarification on terminology

For the purpose of this report, the term "heat network’ is to be
understood as building heating systems going beyond the scale of an
apartment building (which will be referred to as ‘communal heating’).
Heat networks connect several buildings together and to a low
carbon heat source. Heat networks currently provide 2% of building
heating requirements in the UK.

Scope of this report

This report shows how heat networks can be evaluated under Policy
option 1 and 2. It does not include an assessment of the benefits and
disadvantages of heat networks.

4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications

MAYOR OF LONDON

London Heat
Network Manual Il

MAYOR OF LONDON -

Figure 4.4 - The two versions of the London Heat Network Manuals published by the Greater
London Authority in 2014 and 2021 seek to increase the quality of new heat networks in London

MAYOR OF LONDON Major development proposals within Heat Network Priority Areas should have

a communal low-temperature heating system:
T H E 1) the heat source for the communal heating system should be selected in
accordance with the following heating hierarchy:
L o N D 0 N a) connect to local existing or planned heat networks

b) use zero-emission or local secondary heat sources (in conjunction
with heat pump, if required)

c) use low-emission combined heat and power (CHP) (only where there
is a case for CHP to enable the delivery of an area-wide heat network,
meet the development's electricity demand and provide demand
response to the local electricity network)

d) use ultra-low NOx gas boilers

2

CHP and ultra-low NOx gas boiler communal or district heating systems
should be designed to ensure that they meet the requirements in Part B
of Policy Sl 1 Improving air quality

3) where a heat network is planned but not yet in existence the development
should be designed to allow for the cost-effective connection at a later

THE SPATIAL DEVELOPMENT date.

STRATEGY FOR GREATER LONDON

MARCH 2021

Heat networks should achieve good practice design and specification
standards for primary, secondary and tertiary systems comparable to those
set out in the CIBSE/ADE Code of Practice CP1 or equivalent.

Figure 4.5 - The London Plan (2021) refers to Heat Network Priority Areas (which cover
approximately half of London) including its entire central area, where heat networks are
expected to be the favoured heating strategy. Connection to local or existing planned heat
networks is then top of the list, without any clear reference to its carbon performance.
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Types of heat networks in London

One generic term, very different types of heat networks

The terms ‘district heating’ or 'heat networks’ cover a wide range of
realities in London. A review of the existing and planned heat

Legacy network

networks showed a wide range of heat networks varying in terms of: Energy from

. : . seeking to
* Heat generation: e.g. gas-fired CHP, gas boilers, heat pumps, Waste

de-carbonise
waste heat or Energy from Waste. (DH1)

(DH2)
* Status: their growth may be complete or they may want to expand

further.

* Scale, ranging from a few blocks to heat networks spanning over

different London boroughs- Figure 4.6 - The two types of heat networks assessed in the Towards Net Zero Carbon study

*  Supply temperature: most heat networks operate at a temperature
of 80°C or above but there is a drive towards lower temperatures.

It is therefore not possible to model a ‘generic heat network’ in
London. However, three conclusions emerged:

1. As the focus of this study is new buildings, we sought to model the
o Developments connecting to gas-based district heat networks (DHNs) may also

type of networks which are seeking to expand as they are the ones find it more challenging to achieve significant on-site carbon reductions beyond

to which the Council is likely to mandate connection to. Part L 2021 until the decarbonisation strategies for these networks begin to take
effect. Developments in Heat Network Priority Areas (HNPAs) are expected to
2. Energy from Waste systems (and particularly waste incineration connect to a network where possible to support London’s decarbonisation

provided the network has a decarbonisation strategy. Further detail on DHN

plants) are currently considered by the UK Government as S A -
connections is provided in the guidance.

strategically important for management of municipal waste, with
heat being a by product of this process. This was therefore Figure 4.7 - An extract from the GLA energy guidance cover note published in 2022,

considered as the first heat network scenario (DH1). acknowledges the challenge associated with gas-based heat networks and requires them to
have a decarbonisation strategy

3. Some networks using fossil fuels (e.g. Olympic Park, Citigen) are
seeking to grow and decarbonise. Therefore a heat network still
using gas-fired CHP and boilers but relatively well advanced on its
way to decarbonisation (40% heat pumps) was also modelled to
see how it would perform. This was the second heat network
scenario (DH2).




Heat networks case studies modelled in the Towards Net Zero Carbon study

DH1 | Energy from Waste DH2 | Fossil fuel based heat network seeking to grow and decarbonise

Figure 4.7 - Energy from Waste heat networks are centred around using heat that is produced

Figure 4.8 - The vast majority of large existing heat networks burn fossil fuels in an Energy
by the process of waste incineration (above the North London Edmonton incinerator) Centre (through CHPs and gas boilers). In order to decarbonise, they will seek to generate a

distributing that heat to homes close to it or much further (Photograph: pxl.store/Alamy) growing proportion of their heat with heat pumps. DH2 represents a network targeting a 40%

Generation mix

Indicative generation mix used by the BRE
to derive carbon factor: 97% heat pump
with heat recovered from waste
combustion (COP of 10) and 3% back-up
gas boilers (efficiency of 90%)

Approach to estimated carbon content of
heat

Emissions associated with the incineration
of waste in the carbon content of heat are
disregarded.

Table 4.8 — Characteristics of DH1 assumed for the energy modelling

4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications

proportion of heat from heat pumps.

Generation mix (target)

Potential generation mix for a gas-fired
CHP/ boilers significantly committed to
decarbonisation:

* 40% gas-fired CHP

* 20% gas-fired boilers

* 40% air source heat pump

Approach to estimated carbon content of
heat

Directly related to the generation mix and
in particular the use of fossil fuels.

Table 4.9 — Characteristics of DH2 assumed for the energy modelling
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The scope of the heat network analysis in this study

Purpose of the heat networks analysis in the TNZC study

This report shows how heat networks can be evaluated under Policy
option 1 and 2.

Analysis has been undertaken for:

+ Two types of networks; DH1 which represents a network utilizing
energy from waste and DH 2 a Legacy network seeking to
decarbonise.

* a mid-rise apartment to understand what is required for domestic
buildings.

* aschool to understand what is required for non-domestic
buildings.

The study uses generic carbon content of heat that are set out in SAP
and NCM/SBEM, which vary for the different types of heat network.
Carbon calculations are not based on actual forecast of the likely
carbon content of heat of that network.

4.0 Energy and cost modelling evidence base | Methodology, typologies and specifications

Exclusions

The main purpose of this report was not to consider heat networks in
detail. The following exclusions were agreed with the London
boroughs.

+ This report does not include an assessment of the benefits and
disadvantages of heat networks, or their costs/benefits.

* Assessment and comparison of various types of heat network
(fossil fuel, heat pumps, waste heat and energy from waste) and
non heat network solutions with net zero carbon standards.

* Detailed analysis on the feasibility of heat networks and further
calculations to demonstrate how low carbon they are.

» Demonstrate how the GLA guidance can be used to expand
higher carbon networks or enable the transition to low carbon
networks.

* Analysis of new developments that may be next to an inefficient
estate, building a larger case for this development to connect as a
hub’.

* This report only looks at two types of network, a Legacy network
seeking to decarbonise and a heat network from Energy from
Waste. Other types of networks exist but have not been included.

*  Only the mid-rise apartment was tested for domestic buildings
and the school was tested for non-domestic, the other typologies
in this report have not been tested.

* The testing carried out does not include sleeving.
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5.0

Energy modelling analysis for Part L 2021 compliance



5.0 Energy modelling analysis for Part L 2021 compliance

Before considering how Policy options 1 or 2 can
go beyond the minimum requirements set by Part L
2021 it is important to assess and understand how
the different archetypes and cases would perform
against the different criteria of Part L 2021.

It will enable to identify, for each archetype, which
combination of specifications are effectively no
longer possible anyway and which ones would still
comply, before further policies would apply
another filter’.

5.0 Energy modelling analysis for Part L 2021 compliance

Part L 2021 compliance for domestic buildings

5.1.1 5.1.2 5.1.3 5.1.4

Part L 2021 Part L 2021 Part L 2021 Part L 2021

compliance for compliance for compliance for compliance for

terrace house low-rise mid-rise high-rise
apartment apartment apartment
building building building

Part L 2021 compliance for non-domestic buildings
5.2.1 5.2.2 523 524
Part L 2021 Part L 2021 Part L 2021 Part L 2021

compliance for

office building

compliance for
primary school

compliance for
industrial building

compliance for
hotel
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How to read the tables in this section?

Developments must meet or exceed three criteria to pass Part L 2021, which are calculated Primary energy metric

based on the notional building: target primary energy rate (top right), target emission rate

(bottom right) and, for residential developments, the target fabric energy efficiency (FEE) Primary energy With PV
rate (bottom left). The tables created for each typology summarise how each case that has SAP 10.2 Gas Direct Heat Heat
been modelled for this study would perform against these criteria. Cells in green or red Part L (reg) boiler electric pump pump
.. . . . less efficient  more efficient
indicate whether the scenario would pass or fail the Part L 2021 target. Percentages indicate
how much the design either exceeds or fall short of the required target. Developments will Business as
(o) O, o) O,
not achieve Building Regulations compliance if they fail one or more of the three criteria. s usual 17% -39% -12% 70%
E
With PV €
' g Good 9% 7% 16% 77%
Part L e practice
Compliance Gas Direct Heat Heat o
P boiler electric Ipump pump o
ess efficient more efficient ©
Lo =
Ultra-low 22% 18% 33% 90%

Business as >< >< >< >< energy
usual

S
£
g Good Table 5.3 — Performance of each case in terms of Primary Energy against the Part L 2021 limit
0; practice
O
_‘.; Ultra-low
L . .
energy Fabric energy efficiency (FEE) metric CO, metric
Table 5.1 — Part L compliance - The 3 metrics combined and L. With PV
. Reduction in CO, -
assessment of overall compliance FEE H H
SAP 10.2 G Di eat eat
SAP 10.2 as irect um um
The summary table above brings together all Part L (reg) boiler electric pump pump
. . . . less efficient  more efficient
criteria, summarising which of the scenarios would
‘Fail’ or 'Pass’ Part L 2021 overall. ; :
Business as 14% Business as 14% 37% 589% 86%
s usual s usual
Would not = =
pass all 3 = f=
metrics of 2 Good 0% g izl -6% 49% 66% 90%
i ] practice & practice
Part L 2021 Part L 2021 compliance ¥ R
5 5
e Ultra-low b Ultra-low
Fail Pass 31% 22% 67% 79% 96%
energy energy

Table 5.2 — Performance of each case in
terms of Fabric Energy Efficiency (FEE)
against the Part L 2021 limit

Table 5.4 - Performance of each case in terms of CO, against the Part L 2021 limit



5.0 Energy modelling ana

S.1

Part L 2021 compliance for domestic buildings

lysis for Part L 2021 compliance
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5.0 Energy modelling ana

2.1.1

Part L 2021 compliance for terrace house

I
[

lysis for Part L 2021 compliance
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Terrace house | Compliance with Part L 2021

Part L compliance - The 3 metrics combined

With PV
Part L Hoat o
. ea ea
Compliance Gas Direct
P boiler electric ‘pufrf‘np PUTP
less efficient more efficient
Business as
.5 usual
B
=
g Good
3 practice
2
i)
i Ultra-low
energy

Table 5.5 - Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Fabric energy efficiency incentivises good fabric

The fabric energy efficiency metric encourages
‘good practice’ and ‘ultra-low energy’ building
fabric and ventilation systems.

Would not
pass all 3
metrics of

Part L 2021 Part L 2021 compliance

Fail Pass

5.0 Energy modelling analysis for Part L 2021 compliance

Fabric & ventilation

Primary energy metric has a
minor effect

The use of the new primary
energy metric incentivises
improvements to the
building fabric and/or the
choice of heating and hot
water system. Homes are
therefore required to either
have a better fabric when
using fossil fuels or use a
heat pump.

FEE
SAP 10.2

Business as

-16%
usual

Good

O,
practice 2%

Ultra-low
energy

20%

Table 5.6~ Performance of each case in
terms of FEE against the Part L 2021 limit

With PV
Primary energy
SAP 10.2 Gas Direct I-Ler:;\t I-Ler:t
Part L (reg) boiler electric pump pump
less efficient  more efficient
Elss e 1% 16% 62% 67%
c usual
.0
&
2
2 S 20% 8% 72% 75%
o3 practice
L
el
i Ultra-low
43% 37% 83% 84%
energy

Table 5.7 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

CO, metric does very little

The CO, metric does not disincentivise the use of gas. It does little
to ensure buildings reduce their carbon emissions further.

With PV
Reduction in CO, -
SAP10.2 Gas Direct I_:Je::t '1‘:'(
Part L (reg) boiler electric pump pump
less efficient  more efficient
ENEIEDES 4% 52% 92% 95%
= usual
.0
©
%
g G 23% 64% 98% 99%
5 practice
L
a
hid Ultra-low
45% 79% 103% 104%
energy

Table 5.8 — Performance of each case in terms of CO, against the Part L 2021 limit
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5.0 Energy modelling ana

5.1.2

Part L 2021 compliance for low-rise
apartment building

lysis for Part L 2021 compliance
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Low-rise apartment building | Compliance with Part L 2021

Part L compliance - The 3 metrics combined

With PV
Part L Heat Heat
. ea ea
Compliance Gas Direct
P boiler  electric pump pump

less efficient more efficient

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Table 5.9 — Combination of compliance with the different

metrics in Part L 2021 and assessment of overall compliance

Fabric energy efficiency incentivises good fabric

The fabric energy efficiency metric encourages
‘good practice’ and ‘ultra-low energy’ building
fabric and ventilation systems.

Would not
pass all 3
metrics of
Part L 2021 Part L 2021 compliance

Fail Pass

5.0 Energy modelling analysis for Part L 2021 compliance

Primary energy metric does
very little

The use of the new primary
energy metric does little to
incentivise improvements to
the building fabric and/or
the choice of heating and
hot water system. Only the
direct electric system for the
worst performing fabric is
non-compliant.

FEE
SAP 10.2

Business as

-14%
usual

Good

O,
practice 4%

Fabric & ventilation

Ultra-low
energy

28%

Table 5.10 — Performance of each case in
terms of FEE against the Part L 2021 limit

With PV
Primary energy
SAP10.2 Gas Direct I-Ler:;\t I-Ler:t
Part L (reg) boiler electric pump pump
less efficient  more efficient
Business as 49 4% 14% 48%
c usual
.0
&
2
2 —— 20% 14% 30% 58%
o3 practice
L
el
i Ultra-low
42% 38% 51% 71%
energy

Table 5.11 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

CO, metric does very little

The CO, metric does not disincentivise the use of gas. It does little
to ensure buildings reduce their carbon emissions further.

With PV
Reduction in CO, -
SAP10.2 Gas Direct Heat Heat
PartL (reg) boiler electric pump pump

less efficient  more efficient

B“i:j:f as 7% 55% 67% 84%
c
S
K
=
o p?aﬁge 22% 64% 75% 89%
o3
L
0
i Ultra-low
eneray 43% 77% 86% 96%

Table 5.12 — Performance of each case in terms of CO, against the Part L 2021 limit
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Mid-rise apartment bulding | Compliance with Part L 2021

Primary energy metric has a
minor effect

The use of the new primary
energy metric incentivises

improvements to the
building fabric and/or the

Part L compliance - The 3 metrics combined
choice of heating and hot

With PV water system. Homes are
Part L G bi Heat  Heat therefore required to either
Compliance as et oum um i
boiler  electric ~ PumP - Pump have a better fabric when

less efficient more efficient

using fossil fuels or use a
Business as h
usual eat pump.

Good
practice

Fabric & ventilation

Ultra-low
energy

Table 5.13 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Fabric energy efficiency incentivises good fabric

The fabric energy efficiency metric encourages FEE
‘good practice’ and ‘ultra-low energy’ building SAP10.2
fabric and ventilation systems.
Business as 1%
c usual
.0
Would not ©
3 2
passAa f § Good 4%
metrics o . & practice
Part L 2021 Part L 2021 compliance o
-
: = Ultra-low o
Fail Pass energy 26%

Table 5.14 — Performance of each case in

terms of FEE against the Part L 2021 limit
5.0 Energy modelling analysis for Part L 2021 compliance

With PV
Primary energy
SAP 10.2 Gas Direct I-Ler:;\t I-Ler:t
Part L (reg) boiler electric pump pump
less efficient  more efficient
Business as 2% 12% 8% 38%
c usual
.0
5
E Good
> . 1% 2% 20% 45%
o3 practice
L
el
i Ultra-low
28% 22% 36% 54%
energy

Table 5.15 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

CO, metric does very little

The CO, metric does not disincentivise the use of gas. It does little
to ensure buildings reduce their carbon emissions further.

With PV
Reduction in CO, -
SAP10.2 Gas Direct Heat Heat
PartL (reg) boiler electric pump pump

less efficient  more efficient

Bui:j:f as 1% 46% 57% 72%
c
.2
B
=
> p(raaocfc)ige 13% >3% 62% o
L]
.0
S
i Ultra-low
energy 29% 64% 2% o

Table 5.16 — Performance of each case in terms of CO, against the Part L 2021 limit
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Part L 2021 compliance for high-rise
apartment building

5.0 Energy modelling analysis for Part L 2021 compliance
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High-rise apartment building | Compliance with Part L 2021

Part L compliance - The 3 metrics combined

With PV
Part L Heat Heat
! ea ea
Compliance Gas Direct
P boiler electric pump pump
less efficient more efficient
Business as >< >< >< ><
C
o usual
5
§ Good
& practice
L
§ Ultra-low
energy

Table 5.17 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Fabric energy efficiency incentivises good fabric

The fabric energy efficiency metric encourages
‘good practice’ and ‘ultra-low energy’ building
fabric and ventilation systems.

Would not
pass all 3
metrics of

Part L 2021 Part L 2021 compliance

Fail Pass

5.0 Energy modelling analysis for Part L 2021 compliance

Fabric & ventilation

Primary energy metric does
very little

The use of the new primary
energy metric does little to
incentivise improvements to
the building fabric and/or
the choice of heating and
hot water system. Only the

direct electric system for the

worst performing fabric is
non-compliant.

FEE
SAP 10.2

Business as

-12%
usual

Good

O,
practice 0%

Ultra-low
energy

8%

Table 5.18 — Performance of each case in
terms of FEE against the Part L 2021 limit

With PV
Primary energy
SAP10.2 Gas Direct I-Ler:;\t I-Ler:t
Part L (reg) boiler electric pump pump
less efficient  more efficient
Business as 79 18% 99% 1%
c usual
.0
&
2
2 S 20% 1% 28% 50%
o3 practice
L
el
i Ultra-low
29% 27% 37% 58%
energy

Table 5.19 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

CO, metric does very little

The CO, metric does not disincentivise the use of gas. It does little
to ensure buildings reduce their carbon emissions further.

With PV
Reduction in CO, -
SAP10.2 Gas Direct I_:Je::t 'jj?:t
Part L (reg) boiler electric pump pump
less efficient  more efficient
ENEIEDES 6% 52% 60% 75%
= usual
.0
©
%
g G 16% 56% 65% 77%
5 practice
L
a
hid Ultra-low
24% 63% 69% 81%
energy

Table 5.20 - Performance of each case in terms of CO, against the Part L 2021 limit
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Part L 2021 compliance for non-domestic buildings

5.0 Energy modelling analysis for Part L 2021 compliance
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Part L 2021 compliance for office building

5.0 Energy modelling analysis for Part L 2021 compliance
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Office building | Compliance with Part L 2021

Part L compliance - The 2 metrics combined

With PV

Part L

COmp|iance Gas Heat Heat

VRF pump pump

less efficient more efficient

boiler

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Table 5.21 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Metrics combined

Both building regulations metrics (primary
energy and carbon) have been overlayed in the
table above.

Our analysis shows that Part L2 2021 is not very
effective at preventing fossil fuel heating from
complying with building regulations or at
encouraging better fabric, ventilation and
heating systems.

5.0 Energy modelling analysis for Part L 2021 compliance

Primary Energy and CO,
metrics

Results show that all,
except the ‘Gas boiler’
scenario under ‘Business
as usual’ comply with the
primary energy target.

Primary energy (with the
50% PV area) is not
adding any incentives to
increasing fabric or system
performance, in addition
to the CO, metric.

Would not
pass both
metrics of

Part L 2021 Part L 2021 compliance

Fail Pass

Primary energy
NCM - SAP 10.2
Part L (reg)

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Reduction in CO, -
NCM - SAP 10.2
Part L (reg)

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Gas
boiler

-8%

14%

25%

Gas
boiler

-22%

7%

26%

With PV

Heat
VRF pump

less efficient

15% 9%
31% 27%
33% 31%

With PV

Heat
VRF pump

less efficient

13% 6%
29% 25%
32% 30%

PV area covering 50% of the building footprint area

Heat
pump

more efficient

16%

32%

33%

Table 5.22 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

Heat
pump

more efficient

14%

30%

32%

Table 5.23 — Performance of each case in terms of CO, against the Part L 2021 limit
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Part L 2021 compliance for primary school
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5.0 Energy modelling analysis for Part L 2021 compliance
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Primary school building | Compliance with Part L 2021

l”]E U!]Dngnn

Part L compliance - The 2 metrics combined

With PV
Part L o oot
! ea ea
Compliance Gas Direct
P boiler  electric ~ PY™P pump
less efficient more efficient
Business as
5 usual
K]
§ Good
o5 practice
L
e}
i Ultra-low
energy

Table 5.24 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Metrics combined

Both building regulations metrics (primary
energy and carbon) have been overlayed in the
table above.

Our analysis shows that Part L2 2021 is not very
effective at preventing fossil fuel heating from
complying with building regulations or at
encouraging better fabric, ventilation and
heating systems.

5.0 Energy modelling analysis for Part L 2021 compliance

Primary Energy and CO,
metrics

Results show that all
proposed scenarios
comply with the primary
energy and carbon

targets.
Would not
pass both
metrics of
Part L 2021 Part L 2021 compliance

Fail Pass

Primary energy
NCM - SAP 10.2
Part L (reg)

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Table 5.25 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

Reduction in CO, -
NCM- SAP 10.2
Part L (reg)

Business as
usual

Good
practice

Fabric & ventilation

Ultra-low
energy

Gas
boiler

52%

34%

91%

Gas
boiler

27%

26%

636%

With PV
Direct I-Ler:;\t
electric pump

less efficient

21% 81%
13% 45%
85% 88%

With PV
Direct I_:ﬁ::t
electric pump

less efficient

11% 75%
3% 40%
73% 83%

PV area covering 25% of the building footprint area

Heat
pump

more efficient

83%

45%

88%

Heat
pump

more efficient

77%

40%

83%

Table 5.26 — Performance of each case in terms of CO, against the Part L 2021 limit
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Industrial building | Compliance with Part L 2021

Part L compliance - The 2 metrics combined

With PV
Part L Four Heat
H Gas . ea
Compliance oo VRF pipe oump
chiller more efficient
Business as ><
C
o usual
©
-
§ Good
& practice
L
E Ultra-low
energy

Table 5.27 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Metrics combined

Both building regulations metrics (primary
energy and carbon) have been overlayed in the
table above.

Our analysis shows that Part L2 2021 is not very
effective at preventing fossil fuel heating from
complying with building regulations or at
encouraging better fabric, ventilation and
heating systems.

5.0 Energy modelling analysis for Part L 2021 compliance

Primary Energy and CO,
metrics

Results show that all
proposed scenarios
comply with the primary
energy target, apart from
gas boiler with ‘Business
as usual’ and ‘Good
practice’ fabrics.

For schemes with a gas
boiler, the primary energy
metric is incentivising the
use of better fabric
performance for the
Industrial typology. For
any scheme without a gas
boiler, it does not
incentivise the use of

better fabric performance.

Would not
pass both
metrics of
Part L 2021 Part L 2021 compliance

Fail Pass

With PV
Primary energy
NCM - SAP 10.2 Gas Four bi Heat
pipe
Part L (reg) boiler VRF chiller pump
more efficient
R 5% 44% 42% 56%
= usual
.0
5
E Good
> . -11% 44% 42% 56%
o3 practice
L
0
hid Ultra-low
4% 47% 48% 63%
energy

Table 5.28 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Four bi Heat
pipe
Part L (reg) boiler VRF chiller pump
more efficient
EEineE e 0% 41% 40% 53%
c usual
.0
kS
E Good
> . 6% 41% 40% 53%
3 practice
L
a
i Ultra-low
21% 48% 46% 61%
energy

Table 5.29 — Performance of each case in terms of CO, against the Part L 2021 limit
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Part L 2021 compliance for hotel

5.0 Energy modelling analysis for Part L 2021 compliance
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Hotel building | Compliance with Part L 2021

Part L compliance - The 2 metrics combined

With PV

Part L Heat Heat Heat

. Gas ea ea ea

Compliance boler  PUMP  pump  pump
(

20) 400/300) (450/300)
Business as
usual
Good
practice
Ultra-low
energy

Table 5.30 — Combination of compliance with the different
metrics in Part L 2021 and assessment of overall compliance

Fabric & ventilation

Metrics combined

Both building regulations metrics (primary
energy and carbon) have been overlayed in the
table above.

Our analysis shows that Part L2 2021 is not very
effective at preventing fossil fuel heating from
complying with building regulations or at
encouraging better fabric, ventilation and
heating systems.

5.0 Energy modelling analysis for Part L 2021 compliance

Primary Energy and CO,
metrics

Results show the same
pattern of pass/fail as
primary energy as for CO,
emission reductions.

Primary energy (with the
50% PV area) does not
add any incentive to
increase fabric or system
performance, in addition
to the CO, metric.

Would not
pass both
metrics of
Part L 2021 Part L 2021 compliance

Fail Pass

With PV
Primary energy
NCM - SAP 10.2 Gas Heat Heat
Part L (reg) boiler ~ PUMP - PUMP
(220) (400/300)
Business as 0% 7% 89
c usual ° ° °
je)
=
c
2 Good 3% 13% 11%
o3 practice
.0
s
(0]
L Ultra-low 79 6% 179%
energy ° ° °

Table 5.31 — Performance of each case in terms of Primary Energy against the Part L 2021 limit

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat
Part L (reg) boiler pump pump
(220) (400/300)
Business as 2% -18% 7%
c usual ° ’ ’
.0
5
€
3 Goo_d 2% -13% 10%
& practice
L
2
I8 Ultra-low 4% 7% 16%
energy

Heat
pump
(450/300)

8%

11%

17%

Heat
pump
(450/300)

8%

11%

16%

Table 5.32 — Performance of each case in terms of CO, against the Part L 2021 limit
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6.0

Energy modelling analysis for Policy option 1
(Carbon improvement over the notional
building using the Part L framework )



6.0 Energy modelling analysis for Policy option 1

Policy option 1 uses the Part L framework, and in
particular its CO, metric to go beyond the
requirements of Part L 2021 of the Building
Regulations. Demonstration of compliance with
these requirements is evidenced by the use of Part
L modelling.

This section provides, for each archetype, the
performance of each case against the CO,
requirement of Part L 2021. This enables to see
which cases comply with the 35% CO, reduction
over Part L 2021 currently required by the GLA
energy guidance (2022). It also enables to see
which cases would not comply and which ones
would perform significantly better.

Based on the findings of section 5.0, we can
overlay compliance with all criteria in Part L 2021
with the CO, reduction over the Part L 2021 limit
from this section. This enables to see whether and
how planning policy option 1 would be successful
at incentivising the design and construction of
better buildings, which additional ‘filter’ Policy
option 1 would effectively apply.

In terms of energy efficiency, this section also
provides, for each archetype, the performance of
each fabric and ventilation, against the ‘Be Lean’
requirement from the GLA.

A particular analysis on heat networks has also
been undertaken to investigate how they are likely
to perform under policy option 1.

6.0 Energy modelling analysis for Policy option 1

Policy option 1 - Part L analysis for domestic buildings

6.1.1

Policy option 1 -
Part L analysis for

6.1.2

Policy option 1 -
Part L analysis for

6.1..3

Policy option 1 -
Part L analysis for

6.14

Policy option 1 -
Part L analysis for

terrace house low-rise mid-rise high-rise
apartment apartment apartment
building building building
Policy option 1 - Part L analysis for non-domestic buildings
6.2.1 6.2.2 6.2.3 6.2.4

Policy option 1 -
Part L analysis for
office building

Policy option 1 -
Part L analysis for
primary school

Policy option 1 -
Part L analysis for
industrial building

Policy option 1 -
Part L analysis for
hotel

Policy option 1 - how are heat networks assessed and how do they perform?

Policy option 1 - summary
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How to read the tables in this section?

Most tables in this section indicate, , o With PV With PV
for each archetype, which carbon ieelieste in oy H H Reduction in CO, -

i i SAP 10.2 ; eat eat SAP 10.2 ) Heat Heat
reduction over Part L 2021 is GLA (reg) bcoiia;:,-r e?;r;:cc pump pump GLA(re.g) be:;s I?wec"c pump pump
achieved by each combination of less efficient  more efficient orer CIeCC  ess efficient  more effcient
fabric and ventilation specifications
and heating systems, all with PVs. >< >< X 1% 46% 57% 72%

= c
o k)
The results are colour coded usinga 8 &
=} =
. . et =
clear key ranging from dar!< r'ed (i.e. g Good 53% 62% 75% 5 Good . - . -
over the Part L 2021 CO, limit), % practice & practice
through light red (better than the B g
©
Part L 2021 CO, limit but not L Ultra-low 64% 29% L Ultra-low o Ln o o
(] (o) (o) (]
compliant with the 35% requirement) energy energy
to dark green (>80% reduction over
the Part L 2021 CO, limit) Table 6.1 — Performance of each case in terms of CO, against the Part L 2021 limit Table 6.2 — Performance of each case in terms of CO, overlaid with compliance
2 . . L
with all Part L 2021 criteria
. . 5 . e
Case.s which comply Wlth the 35% G P - c0-50% TS 35f Would not pass all building .
requirement are circled in blue on compliant regulations Part L 2021 metrics
some tables. Fi - , .
igure 6.1 — Ranges of performance used to help the reader visualise the level of performance Figure 6.2 — Graphical code to help the reader
. X understand which cases would not be Part L compliant
Cases which do not comply with all No PV
Part L 2021 criteria are identified with Reduction in CO, -
a dark red cross. SAP 10.2

GLA (reg) Be Lean

Finally, separate tables indicate the
likely ‘Be Lean” performance of the

three levels of fabric and ventilation. -8%

Good
practice

Fabric & ventilation

Ultra-low
energy

28%

Return to contents >

Table 6.2 — Performance of the three levels ~ Figure 6.3 — Ranges of performance
of fabric and ventilation performance used to help the reader visualise the
against the GLA’s Be Lean requirement level of performance
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6.0 Energy modelling analysis for Policy option 1




6.0 Energy modelling ana

6.1

Policy option 1 - Part L analysis for domestic buildings

lysis for Policy option 1
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Policy option 1 | Note on Waste Water Heat Recovery (WWHR) in domestic buildings

Under Part L 2021, waste water heat recovery (WWHR) systems have
become embedded into the “notional specification” which is used to
generate the Target Emission Rate (TER), i.e. the Part L 2021 CO,
limit, and therefore the ‘Be Lean’ baseline.

Waste Water Heat Recovery in the 2019 study

In the Cost of Carbon study (2019), WWHR was included in the ‘more
efficient heat pump’ scenarios, the most efficient building services
selection. However, as WWHR is now included in the TER and the '‘Be
Lean’ baseline, we did not consider appropriate to have WWHR only
in one of the building services scenarios. It was therefore removed
from all building services scenarios.

What is the impact of WWHR in SAP calculations?

‘Be Lean' calculations required by London Plan policy are based on
the notional building specification (TER) set out in Part L 2021.
Previously, the notional building in Part L 2013 did not include WWHR
in the TER.

As WWHR has a significant effect on the calculations, a development
could provide calculations that pass the ‘Be Lean’ requirement
through including WWHR systems without improving the building
fabric much beyond ‘Business as Usual’. Furthermore, proposals with
high-performance fabric and ventilation could be penalised for not
including WWHR.

The adjacent graph illustrates this risk: the WWHR turns a scheme
which would be worse than the ‘Be Lean’ baseline into one exceeding
it by 9%, very close to the 10% ‘Be Lean’ requirement.

6.0 Energy modelling analysis for Policy option 1

Hot Water

IShower o

Water _t Mixer

Heater

(&l

Shower Tray
Preheated
Water

WWHR

Incoming

cold water
To Drain

WWHR vertical pipe installation © Power pipe UK WWHR example operation schematic

Figure 6.4 - What is WWHR and how does it work?

A WWHR system is a heat recovery device that recycles the heat energy from waste water. The
technology can recover heat from any appliance or fitting that discharges hot water to the foul
drains, such as a shower. The heat recovered is then used immediately to reduce the energy
required to heat the shower water. WWHR tend to have no moving or active parts, recovering
heat passively.

B
30
. 25
>
NE 20
~ 34.4 34.8 31.3
O 15
Q
2 10
5
0
TER DER DER
Business as usual Business as usual
energy fabric energy fabric with
without WWHR WWHR

Figure 6.5 - The chart above shows the impact of WWHR on the GLA ‘Be Lean’ case in a mid-rise
apartment building. A significantly greater reduction in CO, emissions is achieved when WWHR is
included in the proposed building specification.
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6.1.1

Policy option 1 - Part L analysis for terrace house

I
[

6.0 Energy modelling analysis for Policy option 1
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Terrace house | Policy option 1 | Improvement over Part L (regulated carbon emissions)

‘ 2019 study

D] D! Reduction in CO, - With PV
SAP 2012
EH II SAEtO0 Gas Direct Heat Heat
. boiler electric pump pump
GLA (reg) less efficient  more efficient
Findings of the 2019 study
.. . 47% 53% 96% 103%
London Plan policy of a 35% reduction in CO, emissions on-site on 5 : ’ -
Part L 2013 (using SAP 10.0 emission factors) did not prevent the use E
of gas boilers. A more demanding requirement would incentivise heat =
9 greq g Good 62% 100% 106%
pumps more. i practice
0
: £
35/f’ <35% < 60% 60-80% |l L Ultra-low
compliant] energy
Table 6.4 — Performance of each case in terms of CO, against the Part L 2013 baseline
T 2023 study
Findings of the 2023 study
With PV
A 35% improvement on Part L 2021 would not be effective at Reduction in CO, -
preventing the use of gas boilers. Also, it would not be sufficient to SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

encourage developments to achieve further efficiencies through the

less efficient  more efficient

fabric or heating system. A 50% 'benchmark' target improvement
over Part L 2021 could be more effective in limiting applicants to

direct electric or heat pumps, but an even more ambitious target =
would be required to drive further improvements to building fabric B
5
and ventilation. Direct electric should be combined with an @
. _ g Cloed 64% 98% 99%
appropriate performance standard, such as the Passivhaus standard). 3 practice
g
o
I Ultra-low
5% < 0% <50%  <60%  60-80% [ERA ener 45% 79%
compliant] 9y

Table 6.5 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
6.0 Energy modelling analysis for Policy option 1 networks with low distribution losses) may perform well.
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Terrace house | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021

N
10

i

Metrics combined

Part L compliance drives the ‘good practice’ and “ultra-low energy’
fabric specifications by ruling out a ‘business as usual’ level of fabric
and ventilation performance.

The GLA's latest Energy Assessment Guidance (2022) sets an on-site
35% target improvement on Part L 2021. Our modelling results for
this building type suggest that a 35% target would help to make it
more challenging for a gas boiler scenario, however a benchmark
50% target would be even more effective.

A more ambitious target would incentivise even better designs and
would be technically feasible.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
SAP10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

c
.0
=
?, Good
o ! 23% 64% 98%
e practice
.0
-
L -
Ultra-low 45% 79% 103%
energy

Table 6.6 — Performance of each case in terms of CO, overlaid with compliance with
all Part L 2021 criteria

Would not pass all 3 building
regulations Part L 2021 metrics

< 0% < 35% < 50% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well
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Terrace house | Policy option 1 | Be Lean

N
10

i

Findings of the 2019 study

All scenarios tested achieved a 10% reduction in emissions, therefore
complying/exceeding the London Plan 'Be Lean' policy requirement.

For the terrace house, the Be Lean requirement was therefore not
effective at incentivising more energy efficient fabric and ventilation
specification.

2019 study

Reduction in CO, -
SAP 2012

SAP 10.0 Be Lean
GLA (reg)

=
.0
=
)
=
5] Good
> .
&5 practice
L
—
o)
m©
L Ultra-low
energy

Table 6.7 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

Findings of the 2023 study

A home with ‘good practice’ or ‘ultra-low energy’ fabric achieves
greater than a 10% reduction in CO, from fabric and ventilation.

For the terrace house it also appears that the changes between each
of the fabric specifications causes a large change in the result. This is
less apparent in the other house typologies.

The inclusion of a waste water heat recovery (WWHR) system could
allow even the "business as usual’ fabric scenario to meet the 10%
reduction requirement. The inclusion of WWHR in schemes has the
potential to mask the improvement or lack of improvement of the
building fabric.

Using the Fabric Energy Efficiency indicator from Part L 2021 may be
an alternative.

6.0 Energy modelling analysis for Policy option 1

< 10%

2023 study

Reduction in CO, -

SAP 10.2
GLA (reg) Be Lean

=
.0
=
c
£
) Good
> 9
& practice
0
a
& Ultra-low
40%
energy

Table 6.8 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)
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6.0 Energy modelling an

6.1.2

Policy option 1 - Part L analysis for low-rise

apartment building

alysis for Policy option 1
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Low-rise apartment building | Policy option 1 | Improvement over Part L (regulated carbon emissions)

2019 study
Reduction in CO, - With PV
SAP 2012
SAP10.0 G Direct :,ﬁ:, F':,er;‘;,
GLA (reg) orer electric less efficient  more efficient
Findings of the 2019 study . 47% 53% 96% 103%
o
London Plan policy of a 35% reduction in CO, emissions on-site on =
Part L 2013 (using SAP 10.0 emission factors) did not prevent the use £ G
: , S g ood 62% 100% 106%
of gas boilers, nor directly incentivise heat pumps. 5 practice ’ - -
80
: £
35/f’ <35% < 60% 60-80% |l L Ultra-low
compliant] energy
Table 6.9 — Performance of each case in terms of CO, against the Part L 2013 baseline
Findings of the 2023 study 2023 study
A 35% improvement on Part L 2021 would not be effective at With PV
preventing the use of gas boilers. Also, it would not be sufficient to Reduction in CO, - Hoat Hoat
encourage developments to achieve further efficiencies through the éﬁ;;IOZ) Gas Direct puer::p PU?::P
re i i
fabric or heating system. A 50% 'benchmark' target improvement J boiler electric less efficient more efficient

over Part L 2021 would be more effective in limiting applicants to

direct electric or heat pumps, but an even more ambitious target 559 67%

would be required to drive further improvements to building fabric S
and ventilation. Direct electric should be combined with an .L;
appropriate performance standard, such as the Passivhaus standard). § Good 75%
o5 practice
0
5
35% i Ultra-low
° < 0% < 50% < 60% 60-80% > 80% 77% 86%
compliant] energy

Table 6.10 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
6.0 Energy modelling analysis for Policy option 1 networks with low distribution losses) may perform well.
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Low-rise apartment building | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021

Metrics combined

Part L compliance drives the ‘good practice’ and ‘ultra-low energy’
fabric specifications by ruling out a ‘business as usual’ level of fabric
and ventilation performance.

The GLA's latest Energy Assessment Guidance (2022) sets an on-site
35% target improvement on Part L 2021. Our modelling results for
this building type suggest that a 35% target would help to make it
more challenging for a gas boiler scenario, however a benchmark
50% target would be even more effective.

A more ambitious target would incentivise even better designs and
would be technically feasible.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

-O< X<

C
kS
ke
=
3 Good 22% 64% 75% 89%
& practice
0
2
L =
Dlir=iou 43% 77% 86% 96%
energy

Table 6.11 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass all 3 building
regulations Part L 2021 metrics

< 0% < 35% < 50% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well
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Low-rise apartment building | Policy option 1 | Be Lean

Findings of the 2019 study

The ‘good practice’ and ‘ultra-low energy’ fabric scenarios tested
achieved greater than a 10% reduction in emissions, therefore
exceeding the London Plan 'Be Lean' policy requirement. This
requirement was therefore effective at encouraging energy efficiency
improvements in the building fabric and ventilation specification.

Findings of the 2023 study

Only a low-rise apartment building with ‘ultra-low energy’ fabric
achieves greater than a 10% reduction in CO, from fabric and
ventilation improvements, but it does it with a significant margin.
There is a significant jump in results between the ‘good practice’ and
‘ultra-low energy’ fabric specifications, and the ‘good practice’ does
not quite meet the 10% reduction. This suggests that the threshold
for complying is somewhere between ‘good practice’ and "ultra-low
energy’. The ‘Be Lean’ requirement is therefore effective at driving
more energy efficient building fabric and ventilation specification.

The inclusion of a waste water heat recovery (WWHR) system could
allow the ‘good practice’ fabric scenario to meet the 10% reduction
requirement, but it is unlikely that it would allow the ‘business as
usual’ specification to pass.

6.0 Energy modelling analysis for Policy option 1

< 10%

2019 study

Reduction in CO, -
SAP 2012

SAP 10.0 Be Lean
GLA (reg)

c
.0
®
k=
g e 15%
& practice
0
o
i Ultra-low
33%
energy

Table 6.12 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

2023 study
No PV

Reduction in CO, -

SAP 10.2
GLA (reg) Be Lean

c

.0

k)

2

g —— 7%
&5 practice

.0

e

i Ultra-low

28%
energy

Table 6.13 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)
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Mid-rise apartment building | Policy option 1 | Improvement over Part L (regulated carbon emissions)

Findings of the 2019 study

London Plan policy of a 35% reduction in CO, emissions on-site on
Part L 2013 (using SAP 10.0 emission factor) did not prevent the use
of gas boilers. A more demanding requirement would incentivise heat

pumps.

35%

compliant]

< 35% < 60%

60-80%

> 80%

2019 study
Reduction in CO, - With PV
SAP 2012
SAP 10.0 bG-E?s ?irec; F':]‘j:;‘; F'Ler;‘;’
GLA (reg) orer electric less efficient  more efficient
26% 40% 71%
S
5
=
2 Good 36% 51%
o3 practice
0
i)
s Ultra-low
51% 66%
energy

Table 6.14 — Performance of each case in terms of CO, against the Part L 2013 baseline

Findings of the 2023 study

A 35% improvement on Part L 2021 would be effective at preventing
the use of gas boilers. However, it would not be sufficient to
encourage developments to achieve further efficiencies through the
fabric or heating system. A 50% 'benchmark' target improvement
over Part L 2021 would be more effective in limiting applicants to
direct electric or heat pumps, but an even more ambitious target
would be required to drive further improvements to building fabric
and ventilation. Direct electric should be combined with an
appropriate performance standard, such as the Passivhaus standard).

35%

compliant]

< 0% < 50% < 60%

6.0 Energy modelling analysis for Policy option 1

60-80%

> 80%

2023 study
With PV
Reduction in CO, -
SAP 10.2 Gas Direct Heat Heat

pump pump

less efficient  more efficient

GLA (reg) boiler electric

=
.0
5
€
g Gt 53% 62% 75%
& practice
L
o
i Ultra-low
64% 72% 81%
energy

Table 6.15 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Mid-rise apartment building | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021

Metrics combined

Part L compliance drives the ‘good practice’ and “ultra-low energy’
fabric specifications by ruling out a ‘business as usual’ level of fabric
and ventilation performance.

The GLA's latest Energy Assessment Guidance (2022) sets an on-site
35% target improvement on Part L 2021. Our modelling results for this
building type suggest that a 35% target would help to effectively rule
out a gas boiler scenario.

A benchmark 50% target would be even more effective.

A more ambitious target would incentivise even better designs and
would be technically feasible.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

()

C
.0
k!
2
g Goreid 13% 53% 62% 75%
o3 practice
o
5
i Ultra-low
29% 64% 72% 81%
energy

Table 6.16 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass all 3 building
regulations Part L 2021 metrics

< 0% < 35% < 50% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat

networks with low distribution losses) may perform well
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Mid-rise apartment building | Policy option 1 | Be Lean

Findings of the 2019 study

The ‘good practice’ and ‘ultra-low energy’ fabric scenarios tested
achieved greater than a 10% reduction in emissions, therefore
exceeding the London Plan 'Be Lean' policy requirement. This
requirement was therefore effective at encouraging energy efficiency
improvements in the building fabric and ventilation specification.

2019 study

Reduction in CO, -
SAP 2012

SAP 10.0 Be Lean
GLA (reg)

=
.0
=
o
=
& Good
> .
& practice
.0
o
i Ultra-low
29%
energy

Table 6.17 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

Findings of the 2023 study

A mi-rise apartment building with ‘good practice’ or ‘ultra-low
energy’ fabric achieves greater than a 10% reduction in CO, from
fabric and ventilation and comply with the ‘Be Lean’ requirement.

The inclusion of a waste water heat recovery (WWHR) system could
allow the ‘business as usual’ fabric scenario to meet the 10%
reduction requirement. The inclusion of WWHR in schemes has
therefore the potential to mask the improvement or lack of
improvement of the building fabric.

Using the Fabric Energy Efficiency indicator from Part L 2021 may be
an alternative.

6.0 Energy modelling analysis for Policy option 1

< 10%

2023 study
No PV

Reduction in CO, -

SAP 10.2
GLA (reg) Be Lean

c
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=
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o Good
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©

L Ultra-low
energy

Table 6.18 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)
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6.1.4

Policy option 1 - Part L 2021 analysis for high-rise
apartment building
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6.0 Energy modelling analysis for Policy option 1
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High-rise apartment building | Policy option 1 | Improvement over Part L (regulated carbon emissions)

Findings of the 2019 study

London Plan policy of a 35% reduction in CO, emissions on-site on
Part L 2013 (using SAP 10.0 emission factor) prevented the use of
gas boilers and partially incentivised heat pumps.

2019 study
Reduction in CO, -
SAP 2012
SAP 10.0
GLA (reg)
=
.0
=
=
o Good
; practice
80
S
35% ®
) < 0% < 35% < 60% 60-80% > 80% Ultra-low
compliant] energy

Gas
boiler

8%

18%

29%

With PV
Direct Heat Heat
electric pump pump
less efficient  more efficient
25% 54% 69%
35% 60% 72%
47% 67% 75%

Table 6.19 — Performance of each case in terms of CO, against the Part L 2013 baseline

Findings of the 2023 study

A 35% improvement on Part L 2021 would not be effective at
preventing the use of gas boilers. Also, it would not be sufficient to
encourage developments to achieve further efficiencies through the
fabric or heating system. A 50% 'benchmark' target improvement
over Part L 2021 would be more effective in limiting applicants to
direct electric or heat pumps, but an even more ambitious target
would be required to drive further improvements to building fabric
and ventilation. Direct electric should be combined with an
appropriate performance standard, such as the Passivhaus standard).

35%
compliant]

6.0 Energy modelling analysis for Policy option 1

2023 study

SAP 10.2
GLA (reg)

c
.0
=
0
£
g Good
o5 practice
Q
a
& Ultra-low
< 0% < 50% < 60% 60-80% > 80%
energy

Reduction in CO, -

Gas

boiler

With PV

Heat Heat
pump pump

less efficient  more efficient

Direct
electric

56% 65% 77%

63% 69% 81%

Table 6.20 - Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat

networks with low distribution losses) may perform well.
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High-rise apartment building | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021

With PV
Reduction in CO, -
SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

HKXX

=
.2
=
=
=
Metrics combined :>; p?;:;ge 16% 56% 65% 77%
Part L compliance drives the ‘good practice’ and ‘ultra-low energy’ =
fabric specifications by ruling out a ‘business as usual’ level of fabric ©
ati Ultra-low 24% 63% 69% 81%
and ventilation performance. energy ° ° © e

The GLA's latest Energy Assessment Guidance (2022) sets an on-site

35% target improvement on Part L 2021. Our modelling results for Table 6.21 - Performance of each case in terms of CO, overlaid with compliance
this building type suggest that a 35% target would help to effectively with all Part L 2021 criteria

rule out a gas boiler scenario.

A benchmark 50% target would be even more effective.

A more ambitious target would incentivise even better designs and Would not pass all 3 b“”dmg_
would be technically feasible regulations Part L 2021 metrics

< 0% < 35% < 50% < 60% 60-80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well
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High-rise apartment building | Policy option 1 |

Findings of the 2019 study

The ‘good practice’ and ‘ultra-low energy’ fabric scenarios tested
achieved greater than a 10% reduction in emissions, therefore
exceeding the London Plan 'Be Lean' policy requirement. This
requirement was therefore effective at encouraging energy efficiency
improvements in the building fabric and ventilation specification.

Be Lean

2019 study

Reduction in CO, -
SAP 2012

SAP 10.0 Be Lean
GLA (reg)

=

.0

=

o

=]

o Good

> .

% practice

0

e

i Ultra-low

26%

energy

Table 6.22 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

Findings of the 2023 study

Only a high-rise building with ‘ultra-low energy’ fabric achieves
greater than a 10% reduction in CO, from fabric and ventilation
improvements. For the high-rise apartment building the ‘good
practice’ does not quite meet the 10% reduction. This suggests that
the threshold for complying is somewhere between ‘good practice’
and ‘ultra-low energy’.

The inclusion of a waste water heat recovery (WWHR) system could
allow the ‘good practice’ fabric scenario to meet the 10% reduction
requirement, but it is unlikely that it would allow the ‘business as
usual’ specification to pass. The inclusion of WWHR in schemes has
the potential to mask the improvement or lack of improvement of the
building fabric.

Using the Fabric Energy Efficiency indicator from Part L 2021 may be
an alternative.

6.0 Energy modelling analysis for Policy option 1

< 10%

2023 study

Reduction in CO, -

SAP 10.2
GLA (reg) Be Lean
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9

=

©

=

@ Good

> -

& practice

0

5

©
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Table 6.23 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)
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6.2

Policy option 1 - Part L 2021 analysis for
non-domestic buildings

6.0 Energy modelling analysis for Policy option 1
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Policy option 1 | Non-domestic buildings | Note on PV impact

The impact of PVs

It is clear from the results that the amount of photovoltaic panels (PV)
provision included has a significant impact on the Part L performance
of the non-domestic typologies analysed.

Further investigation has been undertaken to understand the impact
of PVs in achieving the GLA 35% on-site reduction target. An
example is therefore presented based on Scenario 1D for the office
typology. This represents the ‘Business as usual’ fabric and ventilation
specification, with the ‘Heat pump — More efficient’ system
specification.

+ The Notional building PV allowance contributes to 4% of the
building’s emission rate as it only has 15% building footprint area
of PV. This follows the allowance set by NCM based on the heat
source being used for the building.

* The Actual building is based on 50% of the building footprint area
being used for PV, and this reduced the building’s regulated
carbon emissions by 41%. This scenario subsequently achieves a
14% on-site carbon emission reduction beyond Part L 2021.

* When the PV provision is increased to 70% of building footprint
results in the Actual building and this reduced the building's
regulated carbon emissions by 57%. This scenario subsequently
achieves a 38% on-site carbon emission reduction beyond Part L
2021.

As it can be seen, PVs appear to have a disproportionate impact on
regulated CO, emissions estimated by Part L.

Other non-domestic typologies

The highly reactive nature of the Part L results to the quantity of PV
provision included is reflected across all non-domestic typologies.
Details of performance with and without PV for each are presented in
the specific results sections for each building type.

6.0 Energy modelling analysis for Policy option 1

4% CO2
reduction
from PV

41% CO:
reduction
from PV

57% CO:
reduction
from PV

The target set by
the Notional

5.0 building is very low.
: When actual
4.5 efficiencies are The inclusion
4.0 inputted, estimated| of PV has the
’ emissions greatest
s 35 emissions go up reduction The BER needs to be
O N O e =' below this line to
E comply with the CO,
8 2.5 criterion of Part L 2021
O 2.0
2
1.5
1.0
0.5
0.0
TER BER BER
Notional — 93m? PV Actual — 309m?PV Actual - 432m?PV
(50% Building (70% Building
Footprint) Footprint)

Carbon Emission savings from PV
O Regulated Carbon Emissions after PV

I Graphical representation of modelled PV areas

Figure 6.6 - The above chart shows that regulated carbon emissions forming the Part L 2021 limit
which new buildings have to comply with is very challenging: the emissions are very low. In the
actual building, even when good/best practice specifications are assumed, the building’s emissions

are estimated to be much higher, relying on PVs to comply. The example used above is the office

building.
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6.2.1

Policy option 1 - Part L analysis for office building

6.0 Energy modelling analysis for Policy option 1
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Office building | Policy option 1 | Improvement over Part L 2021 (regulated carbon emissions)

Findings of the 2019 study

All the scenarios, except for one, achieved the London Plan policy of
a 35% reduction in CO, emissions on-site on Part L 2013 (using SAP
10.0 emission factors).

35%

) < 0% < 60%
compliant]

> 80%

2019 study
With PV
Reduction in CO, -
NCM - SAP 10.0 Gas Heat Fleat
GLA (reg) i VRF pamP PP
boiler less efficient  more efficient
48% 44% 49%
9
&
€
5 Good 41% 54% 51% 55%
o3 practice
L
o)
@
w Ultra-low 55% 61% 59% 61%
energy

Table 6.24 — Performance of each case in terms of CO, against the Part L 2013 baseline

Findings of the 2023 study

Changes in the Part L 2021 methodology appear to significantly
impact this building type. The modelling results suggest that none of
the scenarios tested would achieve a 35% improvement on Part L
2021 of the Building Regulations, even with PVs covering 50% of the
building footprint area. The highest improvement obtained was 32%.
There is also limited improvement when comparing between electric
heating scenarios, moving from ‘Good practice’ fabric and ventilation
towards the better performing ‘Ultra-low energy’ level, therefore
making Policy option 1 less effective at incentivising efficient fabric
and ventilation design.

< 0% < 60%

6.0 Energy modelling analysis for Policy option 1

> 80%

2023 study
With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat
GLA (reg) boiler VRF pump  pump

less efficient  more efficient

=

.0

=
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g

o Good
> .
& practice
L

e
Qa

(0]

L Ultra-low

energy

PV area covering 50% of the building footprint area
Table 6.25 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Office building | Policy option 1 | Improvement over Part L 2021 (A study on PV impact)

The impact of PVs is significant

The top table on the right shows results with PVs covering 50% of the
building footprint area, an area equivalent to 300m?.

The second table shows results with PVs covering 70% of the building
footprint area, an area of 430m?2.

This highlights the impact of PV in carbon reduction performance,
which may be the key difference between failing or complying with
the 35% on-site carbon reduction requirement on Part L 2021.

This is likely to be due to the fact that the regulated emissions
assessed by Part L 2021 modelling tools (e.g. heating) are now very
small: PVs make more of an impact as the baseline is smaller.

35%
compliant]

< 0% < 60%

6.0 Energy modelling analysis for Policy option 1

60-80%

> 80%

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat
GLA (reg) boiler VRF pamp pamp

less efficient  more efficient
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Table 6.26 — Performance of each case in terms of CO, against the Part L 2021
baseline with the solar PV area covering 50% of the building footprint area

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat
GLA (reg) boiler VRF pump pump
less efficient  more efficient
37% 38%
<
Kel
5
?, Good
> . 53% 49% 54%
& practice
.0
o)
i Ultra-low
47% 57% 55% 57%
energy

Table 6.27 — Performance of each case in terms of CO, against the Part L 2021
baseline with the solar PV area covering 70% of the building footprint area
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Office building | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021

Metrics combined

Both Building Regulation metrics (primary energy and carbon
reduction) have been overlaid with the carbon reduction
performance. All scenarios except the ‘Gas boiler’ scenario under
‘Business as usual’ are able to comply with Part L 2021, including
those with poorer fabric/ventilation and system specifications.

None of the scenarios achieve the 35% on-site carbon reduction
requirement on Part L 2021 with the PV area covering 50% of the
building footprint.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat
GLA (reg) boiler VRF puamp pamp

less efficient  more efficient

13% 6% 14%
S
5
t
e Good 7% 29% 25% 30%
5 practice
L0
6
i Ultra-low
26% 32% 30% 32%
energy

PV area covering 50% of the building footprint area

Table 6.28 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass both building
regulations Part L 2021 metrics

< 0% < 35% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well
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Office building | Policy option 1 | Be Lean

2019 study

Be Lean
Reduction in CO, -

NCM - SAP 10.0 Gas
GLA (reg) baseline

Findings of the 2019 study . 5%
o
The "good practice’ and “ultra-low energy’ fabric scenarios tested =
achieved a 15% reduction in emissions on Part L 2013 (assuming SAP ?, Good
(o)
10.0 carbon factors), therefore meeting the London Plan 'Be Lean' ; practice 1o
policy requirement. This requirement was therefore effective at g
©
L

encouraging energy efficiency improvements in the building fabric Ultra-low
o P <15% f >=15% 31%
and ventilation specification. energy

Table 6.29 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

Findings of the 2023 study 2023 study

The methodology set out in the GLA's Energy Assessment Guidance

(2022) confirms a change in approach to Be Lean calculations for non- B.e Le.an

d i buildi Emissi ducti ired to b Reduction in CO, - Heat
omestic buildings. Emission reductions are now required to be NCM - SAP 10.2 Gas pump/

compared against a baseline with the same fuel and system type as GLA (reg) baseline VRF
the proposed ‘Be Green' scenario, where previously the baseline for baseline

comparison remained the same for all scenarios. Since the proposed
system scenarios have two different system types, the adjacent table
has two columns representing the different baselines as a result of

alternative proposed systems.

-58% -43%
Based on the scenarios tested in this study, none of them achieve the
required 15% improvement over the Part L 2021 required by ‘Be

Goo.d
practice
Lean’, even 'ultra-low energy fabric' (Passivhaus levels of efficiency) < 15% Ulkpslom
energy
Cha”enging to achieve for office bu”dings' Table 6.30 — Performance of the three levels of fabric and ventilation

Fabric & ventilation

These results suggest that the ‘Be Lean’ requirement may be
performance against the Be Lean requirement (2023 study)

6.0 Energy modelling analysis for Policy option 1
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6.2.2

Policy option 1 - Part L analysis for primary school
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6.0 Energy modelling analysis for Policy option 1
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Primary school building | Policy option 1 | Improvement over Part L 2021 (regulated carbon emissions)
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Findings of the 2019 study

All scenarios achieved the London Plan policy of a 35% reduction in
CO, emissions on-site on Part L 2013 (using SAP 10.0 emission
factors).

35%

) < 0% < 35% < 60%
compliant]

60-80%

> 80%

2019 study
With PV
Reduction in CO, -
NCM - SAP 10.0 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump
less efficient  more efficient
46% 50% 58% 62%
9
&
2
g oo 43% 46% 47% 47%
3 practice
L
o)
i Ultra-low
51% 53% 53% 54%
energy

Table 6.31 — Performance of each case in terms of CO, against the Part L 2013 baseline

Findings of the 2023 study

The modelling results suggest that some scenarios tested would
achieve a 35% improvement on Part L 2021 of the Building
Regulations with PVs covering 25% of the building footprint area: all
those with heat pumps as well as the ‘ultra-low energy’ scenarios with
‘gas boiler’ and ‘direct electric'.

The introduction of MVHR unfortunately penalises the % figures
despite the absolute emissions being lower, which is one of the
problem with a ‘relative’ approach to target setting.

Overall, Policy option 1 appears only partially effective at
incentivising better and more efficient design solutions.

< 0% < 60%

6.0 Energy modelling analysis for Policy option 1

60-80%

> 80%

2023 study
With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Direct Heat Heat

pump pump

less efficient  more efficient

GLA (reg) boiler electric

=
.0
5
E Good
> . 40% 40%
& practice
0
i)
i Ultra-low
63% 73% 83% 83%
energy

PV area covering 25% of the building footprint area

Table 6.32 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Primary school building | Policy option 1 | Improvement over Part L 2021 | A study on PV impact

The impact of PVs is significant

The top table on the right shows results without any PVs modelled,
where only the ultra-low energy scenarios comply with Building
Regulations, and none achieve the 35% carbon reduction policy.

The second table shows results with PVs covering 25% of the building
footprint area, an area of 600m?2.

This highlights the impact of PV in carbon reduction performance,
which may be the key difference between failing or complying with
the 35% on-site carbon reduction requirement on Part L 2021.

This is likely to be due to the fact that the regulated emissions
assessed by Part L 2021 modelling tools (e.g. heating) are now very
small: PVs make more of an impact as the baseline is smaller.

< 60% 60-80% > 80%

6.0 Energy modelling analysis for Policy option 1

No PV
Reduction in CO, -

NCM - SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient
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Table 6.33 — Performance of each case in terms of CO, against the Part L 2021
baseline with no solar PV area

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

C
5
B
2
& practice
O
9
L -
Ultra-low 63% 73% 83%
energy

Table 6.34— Performance of each case in terms of CO, against the Part L 2021
baseline with the solar PV area covering 25% of the building footprint area
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Primary school building | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021
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Metrics combined

Both Building Regulation metrics (primary energy and carbon
reduction) have been overlaid with the carbon reduction
performance. All scenarios are able to comply with Part L 2021,
including those with poorer fabric/ventilation and system
specifications.

The 35% CO, reduction requirement on Part L 2021 would encourage
better systems or better fabric but would fail to prevent gas boilers or
a business as usual fabric if a heat pump was the heating system.
Finally, good practice specifications appear worse than business as
usual just due to the fact that Part L 2021 fails to reward mechanical
ventilation with heat recovery.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

less efficient  more efficient

27% 11% 75% 77%
S
©
TE‘
g Caee 26% 3% 40% 40%
& practice
L
)
i Ultra-low
63% 73% 83%
energy

PV area covering 25% of the building footprint area

Table 6.35 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass both building
regulations Part L 2021 metrics

< 0% < 35% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well
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Primary school building | Policy option 1 | Be Lean
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Findings of the 2019 study

None of the fabric and ventilation scenarios tested achieved a 15%
reduction in emissions on Part L 2013 (assuming SAP 10.0 carbon
factors), therefore they all failed the London Plan 'Be Lean' policy
requirement. It was therefore ineffective at incentivising better levels
of energy efficiency.

< 15% >=15%

Findings of the 2023 study

The methodology set out in the GLA's Energy Assessment Guidance
(2022) confirms a change in approach to Be Lean calculations for non-
domestic buildings. Emission reductions are now required to be
compared against a baseline with the same fuel and system type as
the proposed ‘Be Green’ scenario, where previously the baseline for
comparison remained the same for all scenarios. Since the proposed
system scenarios have two different system types, the adjacent table
has two columns representing the different baselines as a result of
alternative proposed systems.

Based on the scenarios tested in this study, only one of them achieves
the required 15% improvement over the Part L 2021 required by ‘Be
Lean’. These results suggest that the ‘Be Lean’ requirement may be <15%
challenging to achieve for school buildings.

6.0 Energy modelling analysis for Policy option 1

2019 study

Be Lean No PV

Reduction in CO, -

NCM - SAP 10.0 Gas
GLA (reg) baseline

=

.0

=

)

£

[5) Good

> .

& practice

L

3

L [tra-|
Ultra-low 8%
energy

Table 6.36— Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

2023 study
Be Lean
Reduction in CO, - Gas Direct Heat
NCM - SAP 10.2 baccline electric pump
GLA (reg) baseline  baseline

-
GOO.d -27% -53%
practice

Table 6.37 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)

Fabric & ventilation
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Industrial building | Policy option 1| Improvement over Part L 2021 (regulated carbon emissions)

Findings of the 2023 study

The modelling results suggest that, except all gas boiler scenarios, all

scenarios tested would achieve a 35% improvement on Part L 2021 of
the Building Regulations with PVs covering 20% of the building
footprint area.

There is however limited improvement across the electric heating
scenarios as you move from ‘Business as usual’ fabric and ventilation
towards the better performing ‘Ultra-low energy’ level, therefore
making Policy option 1 ineffective at incentivising better and more
efficient design solutions.

< 0% < 60% 60-80% > 80%

6.0 Energy modelling analysis for Policy option 1

2023 study
With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Four pi Heat
pipe
GLA (req) boiler VRF chiller pumE
more efficient
41% 40% 53%
S
&
€
o3 practice
L
o)
(1]
w Ultra-low 48% 46% 61%
energy

PV area covering 20% of the building footprint area

Table 6.38 — Performance of each case in terms of CO, against the Part L 2021 baseline

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat networks

with low distribution losses) may perform well.
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Industrial building | Policy option 1 | Improvement over Part L 2021 (A study on PV impact)

The impact of PVs is significant

The top table on the right shows results without any PVs modelled,
where none of the scenarios comply with Part L 2021, let alone the
35% carbon reduction policy.

The second table shows results with PVs covering 20% of the building

footprint area, an area of 670m?2. All of the scenarios except the ‘Gas
boiler ones’, achieve the 35% carbon reduction policy.

This highlights the impact of PV in carbon reduction performance,
which may be the key difference between failing or complying with
the 35% on-site carbon reduction requirement on Part L 2021.

This is likely to be due to the fact that the regulated emissions
assessed by Part L 2021 modelling tools (e.g. heating) are now very
small: PVs make more of an impact as the baseline is smaller.

< 0% < 60% 60-80% > 80%

6.0 Energy modelling analysis for Policy option 1

No PV
Reduction in CO, -
NCM - SAP 10.2 - Heat
Gas Four pipe
GLA (reg) boiler VRF chiller pump

more efficient

(<

.0

=}

o

=

g Good
& practice
0

—

o)

@

= Ultra-low

energy

Table 6.39 — Performance of each case in terms of CO, against the Part L 2021
baseline with no solar PV area

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Four pi Heat
pipe
GLA (reg) boiler VRF chiller PU':R .
more efricien
41% 40% 53%
S
®
E Good
o _ 41% 40% 53%
i practice
L
3
w Ultra-low 48% 46% 61%
energy

Table 6.40 - Performance of each case in terms of CO, against the Part L 2021
baseline with the solar PV area covering 20% of the building footprint area
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Industrial building | Policy option 1 | Improvement

Metrics combined

Both Building Regulation metrics (primary energy and carbon
reduction) have been overlaid with the carbon reduction
performance. All scenarios except the ‘Gas boiler’ scenario under
‘Business as usual’ and ‘Good practice’ are able to comply with Part L
2021, including those with poorer fabric/ventilation and system
specifications.

It is clear that the 35% on-site carbon reduction requirement on Part L
2021 appears more stringent than Building Regulations for this
typology and prevents the use of gas boilers.

However, as all electric scenarios comply with the 35% reduction
target it fails to incentivise better fabric, ventilation or heating
systems.

6.0 Energy modelling analysis for Policy option 1

over Part L 2021 + Compliance with Part L 2021

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Four bi Heat
pipe
GLA (reg) boiler VRF chiller pump
more efficient
41% 40% 53%
S
&
€
e e 41% 40% 53%
5 practice
L
o)
i Ultra-low
21% 48% 46% 61%
energy

PV area covering 20% of the building footprint area

Table 6.41 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass both building
regulations Part L 2021 metrics

< 0% < 35% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Industrial building | Policy option 1 | Be Lean

Findings of the 2023 study
The methodology set out in the GLA's Energy Assessment Guidance

(2022) confirms a change in approach to Be Lean calculations for non-
domestic buildings. Emission reductions are now required to be
compared against a baseline with the same fuel and system type as
the proposed ‘Be Green’ scenario, where previously the baseline for
comparison remained the same for all scenarios. Since the proposed
system scenarios have two different system types, the adjacent table
has two columns representing the different baselines as a result of
alternative proposed systems.

Based on the scenarios tested in this study, none of them achieve the
required 15% improvement over the Part L 2021 required by ‘Be
Lean’, even 'ultra-low energy fabric' (Passivhaus levels of efficiency)
These results suggest that the ‘Be Lean’ requirement may be
challenging to achieve for industrial buildings.

6.0 Energy modelling analysis for Policy option 1

2023 study

Be Lean

Reduction in CO, - Elec & heat  Heat

NCM - SAP 10.2 Gas pump pump
GLA (reg) baseline baseline baseline

less efficient more efficient

Good
practice

Fabric & ventilation

Ultra-low

<15% >=15% energy

*  System A: Gas boiler
+  System B: VRF (heat pump for space heating, direct electric DHW)
+  System C: Four pipe chiller (heat pump for space heating, direct electric DHW)

+  System D: Better heat pump (heat pump for space heating and DHW)

Table 6.42 — Performance of the three levels of fabric and ventilation performance against the Be Lean
requirement (2023 study)
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6.2.4

Policy option 1 - Part L analysis for hotel

6.0 Energy modelling analysis for Policy option 1
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Hotel building | Policy option 1 | Improvement over Part L 2021 (regulated carbon emissions)

2019 study
With PV
,gé“ Reduction in CO, -
R gfﬁ‘t NCM - SAP 10.0 Gas Heat Heat Heat
R 555 GLA (reg) boiler pump pump pump
Nﬁég/ (220) (400/300) (450/300)
v
Findings of the 2019 study - 45% 56% 56%
.2
All scenarios, except the ones using gas heating, achieved London &
Plan poli.cy of a 35% redu.ct'!on in CO, emissions on-site on Part L E Good - — —
2013 (using SAP 10.0 emission factors). 3 practice
0
o
& Ultra-low
(o) o) (o) O,
35/?’ < 0% < 60% 60-80% > 80% energy Sl iz Sfeo
compliant]

Table 6.43 — Performance of each case in terms of CO, against the Part L 2013 baseline

Findings of the 2023 study 2023 study
The modelling results suggest that none of the scenarios tested With PV
Id achieve a 35% i t on Part L 2021 of the Buildi Reduction in CO, -
would achieve a 35% improvement on Pa of the Building NCM - SAP 10.2 . Heat Heat Heat
Regulations with PVs covering 50% of the building footprint area. The GLA (reg) boiE?Zr pump pump pump
220) (400/300) (450/300)

highest improvement obtained is 16%.

There is also limited improvement across the electric heating
scenarios as you move from ‘Business as usual’ fabric and ventilation

(
_2%

(=
towards the better performing ‘Ultra-low energy’ level, therefore '%
making Policy option 1 ineffective at incentivising better and more = Good
[
efficient design solutions. ; practice -13%
.0
S
@
u Ultra-low 79
< 0% <60%  60-80% [ERLA energy 7%

PV area covering 50% of the building footprint area
Table 6.44 — Performance of each case in terms of CO, against the Part L 2021 baseline
Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat

6.0 Energy modelling analysis for Policy option 1 networks with low distribution losses) may perform well.
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Hotel building | Policy option 1 | Improvement over Part L 2021 (A study on PV impact)

No PV

The impact of PVs is less significant for hotels

Reduction in CO, -

The top table on the right shows results without any PVs modelled. NCM - SAP 10.2 Gas Heat Heat Heat
The second table shows results with PVs covering 50% of the building GLA (reg) boiler pump pump pump
(220) (400/300) (450/300)

footprint area, an area of 200m?2.

None achieve the 35% on-site carbon reduction requirement on Part 8% 39 2%
= (] = (e} = (]
L 2021 and the impact of PVs is less pronounced than it is for other =
typologies. R
§ Good
o3 practice
=
=
(18 =
Ultra-low 17%
energy
Table 6.45 — Performance of each case in terms of CO, against the Part L 2021
baseline with no solar PV area
With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat Heat
GLA (reg) boiler pump pump pump
(220 (400/300) (450/300)
-18%
=
.0
)
=
§ Good
3 practice
.0
2
(T =
< 0% <50%  <60%  60-80% [ER Ultra-low
energy

Table 6.46 — Performance of each case in terms of CO, against the Part L 2021
baseline with the solar PV area covering 20% of the building footprint area

6.0 Energy modelling analysis for Policy option 1
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Hotel | Policy option 1 | Improvement over Part L 2021 + Compliance with Part L 2021
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Metrics combined

Both Building Regulation metrics (primary energy and carbon
reduction) have been overlaid with the carbon reduction
performance. All scenarios except the ‘Gas boiler’ scenario under
‘Business as usual’ and all "Heat pump 220% efficiency) are able to
comply with Part L 2021, including those with poorer
fabric/ventilation and system specifications.

None of the hotel scenarios would achieve the 35% on-site carbon
reduction requirement on Part L 2021 with the PV area covering 50%
of the building footprint.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat Heat
GLA (reg) boiler pump pump pump
(220) (400/300) (450/300)

7% 8%
=
.0
5
€
o Caae 2% 10% 1%
& practice
L
3
L =
Ultra-low 4% 16% 16%
energy

PV area covering 50% of the building footprint area

Table 6.47 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria

Would not pass both building
regulations Part L 2021 metrics

< 0% < 35% < 60% 60-80% > 80%

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Hotel building | Policy option 1 | Be Lean
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Findings of the 2019 study

None of the fabric and ventilation scenarios tested achieved a
15% reduction in emissions on Part L 2013 (assuming SAP 10.0
carbon factors), therefore they all failed the London Plan 'Be Lean'
policy requirement. It was therefore ineffective at incentivising
better levels of energy efficiency.

Findings of the 2023 study

The methodology set out in the GLA's Energy Assessment
Guidance (2022) confirms a change in approach to Be Lean
calculations for non-domestic buildings. Emission reductions are
now required to be compared against a baseline with the same
fuel and system type as the proposed ‘Be Green’ scenario, where
previously the baseline for comparison remained the same for all
scenarios. Since the proposed system scenarios have two different
system types, the adjacent table has two columns representing
the different baselines as a result of alternative proposed systems.

Based on the scenarios tested in this study, none of them achieve
the required 15% improvement over the Part L 2021 required by
‘Be Lean’, even 'ultra-low energy fabric' (Passivhaus levels of
efficiency) These results suggest that the ‘Be Lean’ requirement
may be challenging to achieve for hotel buildings.

6.0 Energy modelling analysis for Policy option 1

2019 study

Be Lean No PV

Reduction in CO, -

NCM - SAP 10.0 Gas
GLA (reg) baseline

c

.0

=

Qo

kS

5 Good

> .

& practice

0
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i Ultra-low

5%

energy

Table 6.48 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2019 studly)

2023 study
Be Lean Mol
Reduction in CO, - Heat
NCM - SAP 10.2 Gas pump
GLA (reg) baseline baseline

=

.0
K]

g

3] Good

> .
& practice
L
a

i Ultra-low

5% 7%
energy

Table 6.49 — Performance of the three levels of fabric and ventilation
performance against the Be Lean requirement (2023 study)
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6.3

Policy option 1 - how are heat networks
assessed and how do they perform?

6.0 Energy modelling analysis for Policy option 1
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Policy option 1 | How are heat networks assessed in Part L?

District heat networks are considered within the Part L methodologies
(i.e. SAP for domestic buildings and NCM/SBEM for non-domestic
buildings). Key aspects of these methodologies include:

* A notional building that uses a heat network to calculate a target
primary energy rate and a target carbon emissions rate. This
baseline changes if buildings are connected to an existing heat
network or to a new one and dependent on the type of heat
generation used by the network.

* The Approved Document requires that the carbon emissions and
primary energy figures for the heat delivered should be calculated
for the proposed heat network using set fuel factors (gas and
electricity) and the results compared against the notional baseline.

* The heat and electrical efficiencies for an existing network are
stored in an official database; if it is not listed, these values should
be obtained from operational records or the design specification.

+ Efficiencies used are those from the heat generators, disregarding
other factors, such as distribution losses, that can influence the
efficiency of the system.

SAP 10.2 Consultation updates for heat networks

The outcome of the BEIS consultation in 2021 on heat networks was a
set of ‘adjustment factors’ that are applied to the calculation for
existing networks.

Part L 2021

There has been no fundamental changes to the way in which heat
networks are modelled in SAP in Part L 2013 compared to 2021. aside
from the adjustment factors.

6.0 Energy modelling analysis for Policy option 1

Emissions kg CO2. Primary energy Fuel
CHP description per kWh factor code
New CHP, export unly 0.394 2.345 81
New CHP, flexible operation 0.420 2.369 82
New CHP, standard 0.311 2.107 83
Existing CHP (2015+), export only 0.394 2.345 84
Existing CHP (2015+), flexible operation 0.420 2.369 85
Existing CHP (2015+), standard 0.348 2.149 86
Existing CHP (pre-2015), export only 0.394 2.345 BT
Existing CHP (pre-2015), flexible operation 0.420 2.369 X8
Existing CHP (pre-2015), standard 0.374 2.230 &9

Table 6.50 - Fuel factors in Part L 2021 that apply to electricity generated by CHP.
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Policy option 1 | School | Part L assessment of DH1 and DH2
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For non-domestic buildings, this report uses the School archetype to
assess the performance of DH1, heat generated by an Energy from
Waste plant and DH2, heat generated by a mix of heat sources
including gas CHP, gas boilers and heat pumps.

Carbon emissions rate comparison

The graph on the bottom-right shows the comparative regulated
emissions rates in kgCO,/mZ2.yr for the Part L target (TER) and
building emissions rates (BER) for the different scenarios being
considered.

Comparison with non-district heating scenarios

The standard methodology applies different Part L baselines for the
heat pump and district heating (DH) network scenarios, with a larger
TER for the heat network. This larger TER allows buildings connected
to the DH network to have worse performing fabric than those not
connected whilst aiming to meet the same nominal % carbon
reduction target.

6.0 Energy modelling analysis for Policy option 1

With PV

Reduction in CO, ! .
NCM - SAP 10.2 Gas Direct eat eat

um um
GLA (reg) boiler electric plessp pmorep DHN1 DHN 2
efficient efficient

c 75% 77%

&

|5 Good

o practice 40% 10%

[

0

'c': Ultra-I

L er::;;;” 63% 73% 83% 112% 75%

Table 6.51 - Performance of each case in terms of CO, against the Part L 2021 baseline

Note that the automatic (within the Part L methodology) use of adjusted carbon factors, means that the
performance of DH scenarios cannot be directly compared with the non- district heating scenarios

5.0
4.0 Change in baseline
3.0 T 112% 75%
. 83% reduction in reduction reduction
2.0 CO, emissions in CO, in CO,

00 =

Regulated emission rate (kgCO,/m?)

-1.0
Baseline Heat pump Baseline DH1 DH2
Part L 2021 (BER) Part L 2021 Energy from Fossil fuel
- Elec -DH waste seeking to
(TER) (TER) (BER)  decarbonise
(BER)
Heat pump District heat

Figure 6.7 - Analysis of district heating and comparison with heat pump scenario: comparison of
results from a heat pump (ground Source heat pump or ambient loop) and district heating scenarios.

DH2 scenario assumes a blended energy mix and does not account for ‘sleeving’. The heat pump scenario includes
direct electric point-of-use hot water to bathrooms and does not include water storage.
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Policy option 1 | School | Part L assessment of DH1 and DH2
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Emissions and primary energy figures have been calculated for each
of the networks and compared against the notional baseline,
assuming a fixed carbon emissions factor, as defined by the NCM.

Results

The results in the table on the top-right show the regulated CO,
emissions (kgCO,/m?2.yr) for the two district heating networks when
modelled for the school archetype, along with those of the notional
baseline in the NCM. The graph on the bottom right shows the
regulated emissions compared to the better heat pump scenario.

Heating in both DH scenarios has negligible CO, emissions, which
seems unrealistic. There is a very wide variation in the DHW emissions
between the scenarios, although the load is the same. The reductions
for DH1 seem to be much greater than would be expected.

These results suggest the emissions from heating and hot water are
not reliably accounted for by the NCM approved methodology.

6.0 Energy modelling analysis for Policy option 1

Regulated emission rate (kgCO,/m?)

Notional DH1 DH2

Heating 0.14 0.00 0.02
Cooling 0.00 0.00 0.00
Auxiliary 0.95 0.65 0.65
Lighting 1.04 1.02 1.02
DHW 3.41 0.22 1.89
Displaced elec -1.11 -2.44 -2.44
Total 4.44 -0.55 1.13

Table 6.52 — Regulated carbon emission results for DH1 and DH2 compared with notional baseline.

CO, emissions (kgCO,/m2.yr) for the two district heating networks when modelled for the school
archetype, along with those of the notional baseline.

4.0 DHW CO, reduction appears to

3.0
2.0 -

-1.0
-2.0
-3.0
Heat pump
(BER)

B Heating m Auxiliary

be over- emphasised.

L

DH1
Energy from waste
(BER)

Lighting mDHW

DH2
Fossil fuel seeking to
decarbonise
(BER)

Displaced Electricity

Figure 6.8 - Analysis of district heating and communal heat pump scenarios.

1.0 Heating CO,
- emissions appear
0.0 |

to be negligible
this is unrealistic

Modelling results from each district heating option compared with the ‘heat pump-more efficient’

scenario
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Policy option 1 | Mid-rise apartment building | Part L assessment of DH1 and DH2

For domestic buildings, using the mid-rise apartment building
archetype as an example, the performance of the different types of
heat networks has been analysed.

Carbon emissions rate comparison

The figures for both district heating scenarios have been compared
against the ‘heat pump’ scenarios for the mid-rise apartment and
results are shown in the adjacent table and graph.

Key points include:

* The Part L 2021 baseline remains relatively constant across the
domestic calculations, therefore enabling a simple comparison
between the different heating systems.

* DH1 (Energy from Waste) shows a significant reduction in
regulated emissions, the best of all heating scenarios. The result
appears logical given the very low carbon content of heat
allocated to Energy from Waste in SAP 10.2.

« DH2 (Fossil fuel based heat network seeking to decarbonise)
shows a reduction compared to the Part L baseline, but it performs
only better than a gas boiler scenario and not as well as electrical
heating scenarios. Again this appears logical as it is a blend
between fossil fuels heating systems (i.e. gas boilers, gas CHP) and
electrical heating systems (i.e. heat pumps).

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, Heat Heat
ea €a
SAP 10.2 Gas Direct pump pump
GLA (reg) boiler  electric less more DHN 1 DHN 2
efficient efficient

(=

8

5

g Good

1 53%  62%  75%
P

0

i U;::rg’;” 64%  72%

Table 6.53 - Performance of each case in terms of CO, against the Part L 2021 baseline

150
E |\ -7 77T 34%
O 72% 81% reduction
% 10.0 reduction reduction 101% in CO,
vy . .
o in CO, in CO, reduction
© emissions in CO,
.5 5.0
8 v
: [
5}
- 0.0
@
&
>
g
® -50
Baseline Communal Individual DH1 DH2
Part L2021  heatpump  heatpump Energy from  Fossil fuel
(TER) (DER) (DER) waste seeking to
(DER) decarbonise
(DER)
Heat pump District heating

Figure 6.9 - Analysis of district heating and comparison with heat pump scenario

DH2 scenario assumes a blended energy mix and does not account for ‘sleeving’. The heat pump scenarios
do not include water storage, but a direct electric point-of-use hot eater to bathrooms.
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Policy option 1 | Mid-rise apartment building | Part L assessment of DH1 and DH2

Primary energy

This metric specifies the maximum primary energy use for a building
in a year. Primary energy is defined in the assessment as being
‘energy from renewable and non-renewable sources which has not
undergone any conversion of transformation process’.

The figures on the right summarise the results from the SAP 10.2
model and compare the calculated reduction in CO, emissions (top
table) and the forecasted reduction in primary energy (bottom table)
compared with the Part L 2021 baseline.

Key conclusions include.

* For all scenarios, the two measures, carbon emissions and primary
energy, show reductions from the notional baseline that are in
proportion with each other.

» DH1 (Energy from Waste) shows a significant reduction in primary
energy, the best of all heating scenarios.

* DH2 (Fossil fuel based heat network seeking to decarbonise)
shows a reduction compared to the Part L baseline and but it
performs better in terms of primary energy, e.g. better than direct
electric and the less efficient heat pump system. It still performs
worse than the more efficient heat pump system.

6.0 Energy modelling analysis for Policy option 1

With PV
Reduction in CO, Heat Heat
ea ea
SAP 10.2 Gas Direct pump pump
GLA (reg) boiler electric less more DHN1 DHN 2
efficient efficient

Good
practice

Ultra-low - 64% 72% 101% -
energy

Table 6.54 - Performance of each case in terms of CO, against the Part L 2021 baseline

53% 62% 75%

Fabric & ventilation

With PV
Reduction in
Primary energy G o Heat Heat
SAP 10.2 as irect um um
Part L (reg) boiler electric plessp pmorep DHN 1 DHN 2
efficient efficient
&
=
2 oo 1% 2% 20% 45%
5 practice
0
£ Ultrae
- ra-low 28% 22% 36% 54% 100% 41%
energy

Table 6.55 - Performance of each case in terms of Primary Energy against the Part L 2021 baseline
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Policy option 1 | The concept of ‘sleeving’

What is ‘sleeving'?

Sleeving is a term used to describe the theoretical allocation of some
heat from a network to specific users. The principle is that new homes
connecting to an existing network can be assumed to only use the
heat generated by low carbon equipment that is added to meet the
demand of those new homes.

Where the existing network uses fossil fuels and the new heat
generation is from, say, heat pumps, then new homes added to the
network are considered as only using the heat from the heat pumps
and not from the fossil fuel plant.

At the time of writing, the GLA permits sleeving and is due to publish
further guidance.

New low carbon heat for new buildings only - Implications

If sleeving is assumed, then without a separate strategy in place to
decarbonise the supply for existing homes (i.e. replacing the original
fossil fuel plant) existing homes will not decarbonise.

If London boroughs allow sleeving to be used when permitting new
homes to be added to an existing fossil fuel led DH network, then
they should ensure that carbon emission reductions are not ‘double
counted'. For example, If sleeving is used to permit new homes, then
the London borough should not also declare that the DH network
reduces the carbon emissions of existing homes.

New Low
carbon heat
source added

)|

Energy

Centre
(CHP/Gas)

Existing network

New Homes
connected

)
AR

Energy

Centre
(CHP/Gas)

Expanded network |

Figure 6.10 - The principle of ‘sleeving” heat.

New homes are assumed to only take heat from new (low carbon) heat sources in the energy

centre. Existing homes therefore do not decarbonise as none of the carbon emissions

reduction are allocated to them unless the original fossil fuel plant is entirely replaced with a

zero carbon alternative
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Policy option 1 - Summary

6.0 Energy modelling analysis for Policy option 1
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Part L energy modelling for Policy option 1 | Domestic buildings | Summary of findings

Policy option 1 assumes that the Part L framework continues to be In summary, domestic Part L modelling undertaken indicates the following
used to go beyond the minimum requirements of Building * This report finds that the GLA's new 35% improvement target against
Regulations Part L 2021 in London. Part L 2021 appears broadly effective in encouraging applicants to use
The London Plan requires a 35% reduction in CO, emissions on-site low-carbon energy sources, such as heat pumps, or ultra-low energy
relative to Part L 2013. The GLA's Energy Assessment Guidance fabric combined with direct electric.

published in 2022 advises that the same percentage improvement * Requiring a more ambitious level of on-site CO, reduction compared

should now apply relative to Part L 2021 for domestic buildings. with Part L 2021 would however incentivise even better designs and

Part L 2021 methodology for domestic buildings introduces a new would be technically feasible.

range of requirements, assessed using a new government-approved + In addition, it appears that the '‘Be Lean' 10% fabric improvement
SAP modelling methodology (SAP 10.2). requirement is now less effective at incentivising improvements to the
building fabric than it did when it was applied to Part L 2013. This is
Would not pass all three metrics of partially because Part L 2021 now includes waste water heat recovery
Building Regulations Part L 2021 (WWHR) in the 'notional specification' of the target emission rate (TER).

The use of the Fabric Energy Efficiency (FEE) metric in Part L 2021 may

be a useful alternative.
< 0% < 50% < 60% 60-80% > 80%

Terrace house Low-rise apartment building Mid-rise apartment building High-rise apartment building
Reduction in CO, -

SAP 10.2 Heat Heat Heat Heat Heat Heat Heat Heat

) Gas Direct pump Pump Gas Direct pump Pump Gas Direct pump Pump Gas Direct pump Pump

GLA(reg) boiler electric less more boiler electric less more boiler electric less more boiler electric less more

efficient efficient efficient efficient efficient efficient efficient efficient

o © o o o © o © 7

c
.2
5
=

1 64% LA 64%  75% 53%  62%  75% 56%  65%  77%
Ry
4
©
w

o 45%  79% 77% 64%  72% 63%  69% IS

Table 6.56 - Performance of each case in terms of CO, against the Part L 2021 baseline

6.0 Energy modelling analysis for Policy option 1
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Part L energy modelling for Policy option 1 | Non-domestic buildings | Summary of findings

Policy option 1 assumes that the Part L framework continues to be In summary, domestic Part L modelling undertaken indicates the following
used to go beyond the minimum requirements of Building * The results indicate a large range of CO, emissions reductions
Regulations Part L 2021 in London. depending on the building typology.

The London Plan requires a 35% reduction in CO, emissions on-site * The results of the modelling suggest that a 35% reduction beyond Part L
relative to Part L 2013. The GLA's Energy Assessment Guidance 2021 is only achieved for two of the non-domestic building types
published in 2022 advises that the same percentage improvement investigated. This suggests that the 35% target is challenging to achieve
should now apply relative to Part L 2021 for non-domestic buildings. in all non-domestic scenarios".

Part L 2021 methodology for non-domestic buildings introduces a + Setting different policy targets across building types could be an

new range of requirements, assessed using a new government- appropriate solution.

approved NCM modelling methodology. * All results are highly reactive to the amount of PV provision, partially due

to the fact that heating energy use tends to be significant
Would not pass both metrics of underestimated.

Building R lati Part L 2021 .. . .
uriding reguiations fa * In addition, It has not been possible to achieve the 15% Be Lean

reduction target in the majority of the scenarios investigated, even with

. < 60% 60-80% A typologies that have greater potential for CO, reductions.

' This would be consistent with the GLA Energy Assessment guidance item 2.2: ..benchmarks may be
updated periodically to include additional building types to reflect improvements in performance over time’

School Office Industrial Hotel
Reduction in CO, -
Heat Heat Heat Heat
- i H Heat Heat Heat
e botl R SO G e VRF pump  PATP bole VRE conter ® | b pum um ump
GLA(reg) oiler electric less more oiler T more oiler pipe chiller more oiler
efficient efficient less efficient efficient efficient (220) (400/300) (450/300)

5% 77% 1% 40%  53% | 1% .
S
B o 40%  40% M%  40%  53% .
%‘:
oo 63%  73% 48%  46%  61% .

Table 6.56 - Performance of each case in terms of CO, against the Part L 2021 baseline

6.0 Energy modelling analysis for Policy option 1
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Energy modelling analysis for Policy option 2
(Absolute energy targets using predictive
energy modelling)



7.0 Energy modelling analysis for Policy option 2

Policy option 2 uses energy-based metrics to go
beyond the requirements of Part L 2021 of the
Building Regulations. Demonstration of compliance
with these requirements is evidenced by the use of
predictive energy modelling.

This section provides, for each archetype, the
performance of each case against two key energy-
based metrics: space heating demand (SHD) and
total energy use (also referred to as energy use
intensity or EUI).

Based on the findings of section 5.0, we can
overlay compliance with all criteria in Part L 2021
with these two energy-based metrics. This enables
to see whether and how planning policy option 2
would be successful at incentivising the design and
construction of better buildings.

A particular analysis on heat networks has also
been undertaken to investigate how they are likely
to perform under policy option 2.

7.0 Energy modelling analysis for Policy option 2

Policy option 2 - Predictive energy analysis for domestic buildings

7.1.1

Policy option 2 -
Predictive energy

7.1.2

Policy option 2 -
Predictive energy

7.1.3

Policy option 2 -
Predictive energy

7.1.4

Policy option 2 -
Predictive energy

analysis for analysis for low- analysis for mid- analysis for high-
terrace house rise apartment rise apartment rise apartment
building building building
Policy option 2 - Predictive energy analysis for non-domestic buildings
7.21 7.2.2 7.2.3 7.24

Policy option 2 —
Predictive energy
analysis for office
building

Policy option 2 —
Predictive energy
analysis for
primary school

Policy option 2 —
Predictive energy
analysis for
industrial building

Policy option 2 —
Predictive energy
analysis for hotel

Policy option 2 - how are heat networks assessed and how do they perform?

Policy option 2 - summary
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How to read the tables in this section?

Most tables in this section indicate, for each Space heating demand -
archetype, which space heating demand and energy Predictive
use intensity (EUI) are achieved by each combination (kWh/m?/yr)

of fabric and ventilation specifications and heating

systems. C
.2
)
The results are colour coded using a clear key ranging =
from dark to light orange for space heating demand § Good
. . . . 5 practice
and from dark to light purple for energy use intensity Space heating demand S
EUI). _§
) ) o Worst Best = Ultra-low 14 Would not pass all building
Cases which do not comply with all Part L 2021 criteria energy regulations Part L 2021 metrics
are identified with a dark red cross.
Table 7.1 - Performance of each case in Figure 7.1 — Graphical code to help the reader
terms of space heating demand understand which cases would not be Part L compliant

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

c
.0
=]
&)
= ;
Goo
£ : 34 31
& practice
Energy use intensity o
o A
P 0
- 5 e Ultra-low 27 25 £
orst est energy I3
C
S
Table 7.2 - Performance of each case in terms of energy use intensity (EUI) o
it
Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat %
networks with low distribution losses) may perform well. 40-5
o
143

7.0 Energy modelling analysis for Policy option 2
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Policy option 2 - Predictive energy analysis for
domestic buildings

7.0 Energy modelling analysis for Policy option 2
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7.1.1

Policy option 2 - Predictive energy analysis analysis
for terrace house

I
[

7.0 Energy modelling analysis for Policy option 2
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Terrace House | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

The space heating demand for the Terrace houses modelled

varies from 38 (worst) down to 14 kWh/m2.yr (best). The Space heating demand

improvement between the Business-as-usual and Good
practice cases is relatively marginal in comparison with the Worst Best

space heating demand improvement achieved by the Ultra-low

energy case. The benefit of MVHR and best practice fabric
specifications are clearly showing.

The Energy Use Intensity (EUI) of the terrace house covers all
energy uses: space heating, domestic hot water, ventilation,
lighting, equipment (cooking etc.) and appliances. The table
shows a graduation of improvement as both the building fabric
and heating systems become progressively more efficient. The
estimated EUIs range from 73 (worst) down to 25 kWh/m?2/yr
(best). As with the space heating demand, the difference
between the Good practice and the Ultra-low energy is
reflected in the EUI results.

The cases which generate the ideal compound result for both
metrics are the two Ultra-low energy building fabric with heat

pump scenarios. The heat pump cases use significantly less Energy use intensity

energy (i.e. lower EUls) due to lower flow temperature

requirements and better heating efficiencies. Best

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?/yr)

C

.2

=

o

=

] Good

> .

& practice

2

5

©

= Ultra-low 14
energy

Table 7.3 - Performance of each case in
terms of space heating demand

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

37 34
=
.0
®
TE
g Gt 34 31
& practice
L
S
i Ultra-low
27 25
energy

Table 7.4 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Terrace House | Policy option 2 | Predictive energy modelling results comparison across all cases

- 80 73 73
01l 70 65 67
gl 59
: B
- 47

41
37
40 34 34 31
30 . . 27 25

10

kWh/m?/year

Benchmark 1A 1B 1C 1D 2A 2B 2C 2D ‘ 3A 3B 3C 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation

Figure 7.1 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case

Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/m?2.yr) mark

Other energy uses 73 - - - - - - - - - - - -
Catering - - - - - - - - - - - -
Equipment 11 11 11 11 11 11 11 11 11 11 11 11
Lifts - - - - -

External lighting - - - - -

Lighting 1 1 1 1 1 1 1 1 1 1 1 1
Auxiliary (fans & pumps) 5 5 5 5 4 4 4 4 3 3 3 3
Cooling 2 2 2 2 2 2 2 2 2 2 2 2
Domestic hot water 15 12 5 4 15 12 5 4 15 12 5 4
Space heating 39 35 14 1 34 30 12 10 16 13 6 5

Table 7.5 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case

7.0 Energy modelling analysis for Policy option 2
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Terrace house | Policy option 2 | EUI + Compliance with Part L 2021

R
00

1l

Metrics combined

This table shows how the space heating demand and EUI results
would work in combination with Part L 2021 compliance.

+ The 'good practice’ and ‘ultra-low energy’ fabric specifications
with the gas boiler case would be compliant with building
regulations Part L 2021. They achieve an EUI of 67 and 47
kWh/m?2.yr respectively, so it could be ruled out if the EUI policy
limit is lower than 47 kWh/mZ2.yr.

+ Additionally, the ‘good practice’ and ‘ultra-low energy’ and direct
electric cases comply with Part L. They would achieve an EUI of
between 59 and 41 kWh/m?2.yr respectively.

7.0 Energy modelling analysis for Policy option 2

Heat Heat
pump pump

less efficient  more efficient

B3R X

EUI - Predictive Gas Direct
(KWh/m?2/yr) boiler electric

=)
.0
=]
=
E Good
> . 67 59 34 31
& practice
L
el
i Ultra-low
47 41 27 25
energy

Table 7.6 — Performance of each case in terms of Energy Use Intensity (EUI) overlaid
with compliance with all Part L 2021 criteria

Would not pass all three criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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7.0 Energy modelling ana

7.1.2

Policy option 2 - Predictive energy analysis for
low-rise apartment building

lysis for Policy option 2
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Low-rise apartment building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

The space heating demand for the low-rise apartment building
modelled varies from 35 (worst) down to 12 kWh/m?/yr (best).
The improvement between the business-as-usual and good
practice cases are relatively marginal in comparison to the
space heating demand achieved in the ultra-low energy case.
The benefit of MVHR and best practice fabric specifications are
clearly showing.

The Energy Use Intensity (EUI) of the low-rise apartment
building covers all energy uses: space heating, domestic hot
water, ventilation, lighting, equipment (cooking, lift etc.) and
appliances. The table shows a graduation of improvement as
both the building fabric and heating systems become
progressively more efficient. The estimated EUIs range from 71
(worst) down to 23 kWh/m?/yr (best).

As with the space heating demand, the difference between the
good practice and the ultra-low energy is reflected in the EUI
results. The case which generates the ideal compound result
for both metrics is the Ultra-low energy building fabric with the
more efficient heat pump.

7.0 Energy modelling analysis for Policy option 2

Space heating demand

Worst Best

Energy use intensity

Best

Space heating demand -

Predictive
(kWh/m2/yr)

=

.9

=

©

e

o Good

> .

% practice

0

o)

©

w Ultra-low 12
energy

Table 7.7 - Performance of each case in
terms of space heating demand

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

43 31
<
.0
5
€
g e 39 28
& practice
L
o)
s Ultra-low
37 31 23
energy

Table 7.8 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Low-rise apartment building | Policy option 2 | Predictive energy modelling results comparison across all cases

80

73 71

70 65

60 54

-0\
N

48
IS
0 39
E g -
€ 31 31
< 28
30
~
20
10
0 i
Benchmark 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation
Figure 7.2 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case
Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/mZ2.yr) mark
Other energy uses 73 - - - - - - - - - - - -
Catering - - - - - - - - - - - -
Equipment 11 11 11 11 11 11 11 " " " " "
Lifts - - - - - - - - - - - -
External lighting - - - - - - - - - - - - /u\)
+—
Lighting 1 1 1 1 1 1 1 1 1 1 1 1 5
o
Auxiliary (fans & pumps) 4 3 4 4 3 2 3 3 3 2 3 3 S
O
Cooling - - - - - - . . . - - - 9
Domestic hot water 16 12 8 4 16 12 8 4 16 12 8 4 £
S
Space heating 39 35 19 11 33 28 16 9 17 12 9 4 é
Table 7.9 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case
151
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Low-rise apartment building | Policy option 2 |

Metrics combined

This table shows how the space heating demand and EUI results
would work in combination with Part L 2021 compliance.

* The ‘good practice’ and ‘ultra-low energy’ fabric specifications
with the gas boiler case would be compliant with building
regulations Part L 2021. They achieve an EUI of 65 and 48
kWh/m?.yr respectively, so it could be ruled out if the EUI policy
limit is lower than 48 kWh/m?2.yr.

» Additionally, the ‘good practice’ and ‘ultra-low energy’ and direct
electric cases comply with Part L. They would achieve an EUI of
between 54 and 37 kWh/mZ2.yr respectively.

7.0 Energy modelling analysis for Policy option 2

EUIl + Compliance with Part L 2021

Heat Heat
pump pump

less efficient  more efficient

XX

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

c
Kel
&
2
g Gz 54 39 28
& practice
L
o)
& Ultra-low
48 37 31 23
energy

Table 7.10 — Performance of each case in terms of Energy Use Intensity (EUI)
overlaid with compliance with all Part L 2021 criteria

Would not pass all three criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Mid-rise apartment building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

The space heating demand for the mid-rise apartment building

modelled varies from 28 (worst) down to 10 kWh/m?/yr (best). Space heating demand

The improvement between the business-as-usual and good
practice cases is relatively small in comparison to the space Worst Best
heating demand achieved in the ultra-low energy case. The

benefit of MVHR and best practice fabric specifications are
clearly showing.

The Energy Use Intensity (EUI) of the mid-rise apartment
building covers all energy uses: space heating, domestic hot
water, ventilation, lighting, equipment (cooking, lift etc.) and
appliances. The table shows a graduation of improvement as
both the building fabric and heating systems become
progressively more efficient. The estimated EUIs range from 55
(worst) down to 26 kWh/mZ2.yr (best).

As with the space heating demand, the difference between the
good practice and the ultra-low energy is reflected in the EUI
results. The cases which generates the ideal compound result
for both metrics is the ultra-low energy building fabric with the

more efficient heat pump system (e.g. communal heat pump Energy use intensity

with ambient loop). It leads to significantly lower EUls due to

better heating efficiencies, lower flow temperature Best

requirements and less distribution losses.

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?2/yr)

N
oo

c

.0

-

o

e

o Good

> .

5 practice

L

o)

L Ultra-low 10
energy

Table 7.11 - Performance of each case in
terms of space heating demand

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m2/yr) boiler electric

[
.8
-
v
€
g e 49 35 29
5 practice
L
5
L Ultra-low 32 2%
energy

Table 7.12 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Mid-rise apartment building | Policy option 2 | Predictive energy modelling results comparison across all cases

80
73
70
49 48
50 43
] 38 35 39
I 40 31 32
RS 29
S 30 26
£
20
10
0 i
Benchmark 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation
Figure 7.3 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case
Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/mZ2.yr) mark
Other energy uses 73 - - - - - - - - - - - -
Catering - - - - - - - - - - - -
Equipment 13 13 13 12 13 13 12 12 14 13 13 12
Lifts - - - - - - - - - - - .
A\
External lighting - - - - - - - - - - - - 1
c
Lighting 1 1 1 1 1 1 1 1 1 1 1 1 9
c
Auxiliary (fans & pumps) 4 3 4 4 3 3 3 3 3 2 3 3 8
Cooling 1 1 1 1 1 1 1 1 1 1 1 1 L
c
Domestic hot water 11 15 6 6 11 15 6 6 1" 15 6 6 5
=]
Space heating 24 20 14 8 19 16 12 7 14 8 9 4 &
Table 7.13 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case 155
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Mid-rise apartment building | Policy option 2 | EUI + Compliance with Part L 2021

Metrics combined

This table shows how the space heating demand and EUI results
would work in combination with Part L 2021 compliance.

+ The 'good practice’ and ‘ultra-low energy’ fabric specifications
with the gas boiler case would be compliant with building
regulations Part L 2021. They achieve an EUI of 49 and 43
kWh/m?2.yr respectively, so it could be ruled out if the EUI policy
limit is lower than 43 kWh/mZ2.yr.

+ Additionally, the ‘good practice’ and ‘ultra-low energy’ and direct
electric cases comply with Part L. They would achieve an EUI of
between 48 and 39 kWh/m2.yr respectively.

7.0 Energy modelling analysis for Policy option 2

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kKWh/m2/yr) boiler electric

=

.0

I

=

S

g G 49 35 29

&4 practice

Q

3

(i Ultra-low 43 39 32 2%
energy

Table 7.6 — Performance of each case in terms of Energy Use Intensity (EUI) overlaid
with compliance with all Part L 2021 criteria

Would not pass all three criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Policy option 2 - Predictive energy analysis for
high-rise apartment building

7.0 Energy modelling analysis for Policy option 2
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High-rise apartment building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)
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Space heating demand

The space heating demand for the high-rise apartment building

modelled varies from 24 (worst) down to 10 kWh/m?/yr (best). Worst Best

The improvement between the business-as-usual and good
practice cases is relatively small in comparison to the space
heating demand achieved in the ultra-low energy case. The
benefit of MVHR and best practice fabric specifications are
clearly showing.

The Energy Use Intensity (EUI) of the high-rise apartment
building covers all energy uses: space heating, domestic hot
water, ventilation, lighting, equipment (cooking, lift etc.) and
appliances. The table shows a graduation of improvement as
both the building fabric and heating systems become
progressively more efficient. The estimated EUls range from 45
(worst) down to 20 kWh/m?/yr (best).

As with the space heating demand, the difference between the

good practice and the ultra-low energy is reflected in the EUI
Energy use intensity

results. The case which generates the ideal compound result
for both metrics is the ultra-low energy building fabric with the

communal heat pump with ambient loop. The introduction of Best

an efficient heat pump system leads to significantly lower EUls
due to better heating efficiencies, lower flow temperature
requirements and less distribution losses.

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?2/yr)

c
.0
—
©
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& practice
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©
w Ultra-low 10
energy

Table 7.15 - Performance of each case in
terms of space heating demand

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

45 42 30 24
kS
E
=
g G 41 - 28 22
& practice
L
e
i Ultra-low
25 20
energy

Table 7.16 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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High-rise apartment building | Policy option 2 | Predictive energy modelling results comparison across all cases

80 73

70

60

50 45

42 41
40

39
- B .
: - .8

24 22 25

20
: B B
10 l
O _

Benchmark 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D

kWh/m?2/year

Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation

Figure 7.4 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case

Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D

breakdown (kWh/m?2.yr) mark

Other energy uses 73 - - - - - - . . . . - -

Catering - - - - - - - - - - - -

Equipment 10 10 10 10 10 10 10 10 10 10 10 10

Lifts - - - - - - - - - - - -

External lighting - - . . . - - - - - B B C)

Lighting 1 1 1 1 1 1 1 1 1 1 1 1 g

Auxiliary (fans & pumps) 3 3 3 3 3 2 3 3 2 2 2 2 %

Cooling 1 1 1 1 1 1 1 1 1 1 1 1 E

Domestic hot water 12 12 6 4 12 12 6 4 12 12 6 4 c

Space heating 19 16 9 5 15 13 8 4 1" 6 6 2 ;.3)
Table 7.17 — Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case o
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High-rise apartment building | Policy option 2 |
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Metrics combined

This table shows how the space heating demand and EUI results

would work in combination with Part L 2021 compliance.

* The ‘good practice’ and ‘ultra-low energy’ fabric specifications
with the gas boiler case would be compliant with building
regulations Part L 2021. They achieve an EUI of 41 and 36
kWh/m?.yr respectively, so it could be ruled out if the EUI policy
limit is lower than 36 kWh/m?2.yr.

» Additionally, the ‘good practice’ and ‘ultra-low energy’ and direct
electric cases comply with Part L. They would achieve an EUI of
between 39 and 32 kWh/m?2.yr respectively.

7.0 Energy modelling analysis for Policy option 2

EUI + Compliance with Part L 2021

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m?/yr) boiler electric

C
.0
-
=
=
g G 28 22
& practice
L
e
i Ultra-low
36 32 25 20
energy

Table 7.18 — Performance of each case in terms of Energy Use Intensity (EUI)
overlaid with compliance with all Part L 2021 criteria

Would not pass all three criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Policy option 2 - Predictive energy analysis for
non-domestic buildings

7.0 Energy modelling analysis for Policy option 2
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7.2.1

Policy option 2 - Predictive energy analysis for
office building

7.0 Energy modelling analysis for Policy option 2
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Office building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

Space heating demand varies from 23 (worst) down to 4 Space heating demand
kWh/m2/yr (best). The benefit of better fabric and MVHR is
clearly showing. Worst Best

The estimated EUls range from 104 (worst) down to 66
kWh/m?/yr (best). The benefit of heat pumps over gas boilers is
clear.

All results appear logical.

LETI design guidance recommends space heating demand of <
15 kWh/m?/yr and an EUI of < 55 kWh/m?2/yr for offices. This
would rule out the Business as usual case.

Energy use intensity

Best

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?2/yr)

S

2

—
&)

=

] Good
> .
& practice
Q2
o

©

w Ultra-low 4

energy

Table 7.19 - Performance of each case in
terms of space heating demand

Heat Heat
VRF pump pump

less efficient  more efficient

EUI - Predictive Gas
(KWh/m?2/yr) boiler

C
S
=
E
g Good 83 72 74 72
& practice
9
a
iis Ultra-low
66 67 66
energy

Table 7.20 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Office building | Policy option 2 | Predictive energy modelling results comparison across all cases

140

120

80

60

kWh/m?/year

40

20

71

66

67

Benchmark

104
87
82 I 81
1A 18 1C 1D

Business as usual Fabric & Ventilation

83
I 72 4 72
2A 28 2C 20

Good practice Fabric & Ventilation

3A

Figure 7.5 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case

Best practice Fabric & Ventilation

3B

3C

66

3D

Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/mZ.yr) mark

Other energy uses - - - - - - - - - - - -
Catering - - - - - - - - - - - -
Servers/IT hub 10 10 18 10 10 10 10 10 10 10 10 10
Equipment 15 15 15 15 15 15 15 15 15 15 15 15
Lifts 4 4 4 4 4 4 4 4 4 4 4 4
External lighting 120 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Lighting 11 11 11 11 10 10 10 10 9 9 9 9
Auxiliary (fans & pumps) 26 26 26 26 21 21 21 21 19 19 19 19
Cooling 3 3 3 3 4 4 4 4 4 4 4 4
Domestic hot water 3 2 2 2 3 2 2 2 3 2 2 2
Space heating 31 1" 15 10 16 6 8 5 6 2 3 2

7.0 Energy modelling analysis for Policy option 2

Table 7.21 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case
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Office building | Policy option 2 | EUI + Compliance with Part L 2021

Metrics combined

The table shows the EUls obtained from the predictive modelling
results combined with Part L 2021 compliance.

One of the scenarios tested has failed to meet Part L and it correlates
with the highest predicted EUls.

Introducing a low EUI target would help to incentivise better fabric

and ventilation.

Indicative SHD and EUI targets are introduced in the next section of
the report.

7.0 Energy modelling analysis for Policy option 2

Heat Heat
VRF pump pump

less efficient  more efficient

EUI - Predictive Gas
(KWh/m?/yr) boiler

87 81
c
.0
®
g
g Gioie 72 74 72
& practice
L
o)
hid Ultra-low
71 66 67 66
energy

Table 7.22 — Performance of each case in terms of Energy Use Intensity (EUI)
overlaid with compliance with all Part L 2021 criteria

Would not pass both criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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7.2.2

Policy option 2 - Predictive energy analysis for

school
b R
E— -

7.0 Energy modelling analysis for Policy option 2
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Primary school building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

doongp
L DMUU
1]

Space heating demand varies from 37 (worst) down to 4
kWh/m?2/yr (best). The benefit of better fabric and MVHR is

clearly showing.

The estimated EUls range from 96 (worst) down to 57
kWh/m?/yr (best). The benefit of heat pumps over gas boilers
or direct electric is clear, but it is diluted by the fact that DHW
is provided by direct electric.

All results appear logical.

7.0 Energy modelling analysis for Policy option 2

Space heating demand

Worst Best

Energy use intensity

Best

Space heating demand -

Predictive
(kWh/m?2/yr)

[
.0
—
o
e
g Good
o3 practice
L
S
©
w Ultra-low 4
energy

Table 7.23 - Performance of each case in
terms of space heating demand

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m2/yr) boiler electric

92 65 64
c
.0
&
€
e G 72 71 62 62
& practice
9
5
i Ultra-low
60 60 57 57
energy

Table 7.24 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Primary school building | Policy option 2 | Predictive energy modelling results comparison across all cases

120
96
100 92
80 79 o
v - o4 62 62 60 60
= 50 57 57
£
:
=~ 40
20
0
Benchma 1A 1B 1C D 2A 2B 2C 2D 3A 3B 3C 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation

Figure 7.6 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case

Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/m?2.yr) mark

Other energy uses - - - - - - - - - - - -
Catering 5 5 5 5 5 5 5 5 5 5 5 5
Equipment 18 18 18 18 18 18 18 18 18 18 18 18
Lifts 4 4 4 4 4 4 4 4 4 4 4 4
External lighting 1 1 1 1 1 1 1 1 1 1 1 1
Lighting 10 9 9 9 9 8 8 8 8 7 7 7 7
Auxiliary (fans & pumps) 2 2 2 2 7 7 7 7 4 4 4 4
Cooling - - - - - - - - - - - -
Domestic hot water 17 17 17 17 17 17 17 17 17 17 17 17
Space heating 41 37 10 9 13 12 3 3 5 4 1 1

7.0 Energy modelling analysis for Policy option 2 Table 7.25 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case
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Primary school building | Policy option 2 |

Qnongg
LTI []nunu
IR

Metrics combined

The table shows the EUls obtained from the predictive
modelling results combined with Part L 2021 compliance.

None of the scenarios tested have failed to meet Part L. An EUI
target could clearly help to drive the design and construction of
better school buildings.

Indicative SHD and EUI targets are introduced in the next
section of the report.

7.0 Energy modelling analysis for Policy option 2

EUI + Compliance with Part L 2021

Heat Heat
pump pump

less efficient  more efficient

EUI - Predictive Gas Direct
(kWh/m2/yr) boiler electric

65 64

C
.0
=
E Good
> . 72 71 62 62
& practice
0
S
i Ultra-low

60 60 57 57

energy

Table 7.26 — Performance of each case in terms of Energy Use Intensity (EUI)
overlaid with compliance with all Part L 2021 criteria

Would not pass both criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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7.2.3

Policy option 2 - Predictive energy analysis for
industrial building

7.0 Energy modelling analysis for Policy option 2
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Industrial building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

Space heating demand varies from 17 (worst) down to 10 Space heating demand

kWh/m?2/yr (best). The benefit of better fabric and MVHR is

clearly shown as you move towards better fabric performance. Worst Best

The estimated EUls range from 50 (worst) down to 27
kWh/m?/yr (best). Fabric seems to have a greater impact on the
Gas boiler scenarios due to the higher heating energy
consumption, as results vary from 50 down to 36 kWh/m?/yr.
EUI results are very similar for VRF, Four pipe chiller and heat
pump scenarios. The benefit of electric heating-over gas boilers
is clear.

All results appear logical.

Energy use intensity

Best

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?2/yr)

c

.0

—

©

=

] Good

> .

& practice

0

5

©

w Ultra-low 10
energy

Table 7.27 - Performance of each case in
terms of space heating demand

D . Heat
EUI - Predictive G.as VRE Four pipe pump
(kWh/m?/yr) boiler chiller "
more efficient
34 34 32
c
.9
=
=
g Good 30 31 29
& practice
L
S
2 Ultra-low
36 28 28 27
energy

Table 7.28 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Industrial building | Policy option 2 | Predictive energy modelling results comparison across all cases

80

70

50

kWh/m?/year
5

“ - - B e

2 ]

. l

0
Benchmark 2A 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation
Figure 7.7 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case
Detailed energy use Bench
breakdown (KWh/m2.yr) mark 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
Other energy uses - - - - - - - - - - - -
Catering - - - - - - - - - - - -
Equipment 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Lifts 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
External lighting 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
80

Lighting 7.4 7.4 7.4 7.4 6.7 6.7 6.7 6.7 6.5 6.5 6.5 6.5
Auxiliary (fans & pumps) 9.9 9.9 9.9 9.9 9.7 9.7 9.7 9.7 8.5 8.5 8.5 8.5
Cooling 0.5 0.5 0.7 0.5 0.6 0.6 0.8 0.6 0.7 0.7 0.9 0.7
Domestic hot water 1.5 1.5 1.5 0.5 1.5 1.5 1.5 0.5 1.5 1.5 1.5 0.5
Space heating 23.0 6.9 7.3 6.2 14.8 4.4 4.7 4.0 1.2 3.4 3.6 3.1

7.0 Energy modelling analysis for Policy option 2

Table 7.29 — Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case
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Industrial building | Policy option 2 | EUI + Compliance with Part L 2021

Metrics combined

The table shows the EUls obtained from the predictive modelling
results combined with Part L 2021 compliance.

Only two of the scenarios (both gas heated) have failed to meet Part
L. An EUI target could clearly help to drive the design and
construction of better industrial buildings.

Indicative SHD and EUI targets are introduced in the next section of
the report.

7.0 Energy modelling analysis for Policy option 2

EUI - Predictive Gas VRE Four pipe 'jf;:t
(kWh/m2/yr) boiler chiller pump
more efficient
34 34 32
C
.0
5
c
9 G 30 31 29
& practice
L
e
i Ultra-low
36 28 28 27
energy

Table 7.30 — Performance of each case in terms of Energy Use Intensity (EUI)
overlaid with compliance with all Part L 2021 criteria

Would not pass both criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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7.2.4

Policy option 2 - Predictive energy analysis for
hotel

7.0 Energy modelling analysis for Policy option 2
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Hotel building | Policy option 2 | Predictive energy modelling (Space heating demand and EUI)

Space heating demand

Space heating demand varies from 30 (worst) down to 15 UL Best

kWh/m?2/yr (best). The benefit of better fabric and ventilation is

clearly showing

The estimated EUls range from 233 (worst) down to 142
kWh/m?/yr (best). The benefit of heat pumps over gas boilers is
clear.

All results appear logical.

Energy use intensity

Best

7.0 Energy modelling analysis for Policy option 2

Space heating demand -

Predictive
(kWh/m?2/yr)

c

2

—

©

=

] Good
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& practice
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©

w Ultra-low 15
energy

Table 7.31 - Performance of each case in
terms of space heating demand

EUI - Predictive Gas Fleat Heat Heat
(kWh/m?/yr) boiler pump pump pump
(220) (400/300) (450/300)
174 159 158
[
.9
5
g Good
> - 166 152 152
&4 practice
=2
o
2 Ultra-low
154 143 142
energy

Table 7.32 - Performance of each case in terms of energy use intensity (EUI)

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat
networks with low distribution losses) may perform well.
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Hotel building | Policy option 2 | Predictive energy modelling results comparison across all cases

400
350
300
233
_ 250 222
e 206
S 200 174
o
E 159 158 166 152 154
)
< 152 143 142
= 150
100
50
0
Benchmark 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3c 3D
Business as usual Fabric & Ventilation Good practice Fabric & Ventilation Best practice Fabric & Ventilation

Figure 7.8 - Predictive energy modelling results: bar chart showing the detailed breakdown of energy use intensity (EUI) for each case

Detailed energy use Bench 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D
breakdown (kWh/m2.yr) mark

Other energy uses 340 - - - - - - - - - - - R
Catering 71 71 71 71 71 71 71 71 71 71 71 71
Equipment 10 10 10 10 10 10 10 10 10 10 10 10
Lifts 5 5 5 5 5 5 5 5 5 5 5 5
External lighting 0 0 0 0 0 0 0 0 0 0 0 0
Lighting 12 12 12 12 I 11 11 11 10 10 10 10
Auxiliary (fans & pumps) 28 28 28 28 23 23 23 23 17 17 17 17
Cooling 1 1 1 1 1 1 1 1 1 1 1 1
Domestic hot water 74 23 32 23 74 23 32 23 74 23 32 23
Space heating 31 7 13 7 25 6 11 5 16 4 7 3

Table 7.33 - Predictive energy modelling results: detailed breakdown of energy use intensity (EUI) for each case
7.0 Energy modelling analysis for Policy option 2
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Hotel | Policy option 2 | EUI + Compliance with Part L 2021

Metrics combined

The table shows the EUls obtained from the predictive modelling
results combined with Part L 2021 compliance.

An EUI target could clearly help to drive the design and
construction of better hotel buildings, incentivising both fabric and
ventilation efficiency as well as better heating systems.

Indicative SHD and EUI targets are introduced in the next section
of the report.

7.0 Energy modelling analysis for Policy option 2

El R v Gas F:j'i"jt
(KWh/m?2/yr) boiler p(220)p

C X
Kel
5
& Good
‘; practice
L
e
i Ultra-low
206
energy

Heat
pump
(400/300)

159

152

143

Heat
pump
(450/300)

158

152

142

Table 7.34 — Performance of each case in terms of Energy Use Intensity (EUI)

overlaid with compliance with all Part L 2021 criteria

Would not pass both criteria of
building regulations Part L 2021

Note: the above four heating options are not exhaustive. Other options (e.g. low carbon heat

networks with low distribution losses) may perform well.
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7.3

Policy option 2 - how can heat networks be assessed
using the EUl metric and how do they perform?

7.0 Energy modelling analysis for Policy option 2
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Policy option 2 | How would EUls work with heat networks?

Energy Use Intensity (EUI) f N ( Energy related to A g Energy related to other electricity h
The EUI of a home or building is the total amount of energy it uses for EUI = providing heating + uses such as lighting, ventilation,
all purposes in kWh/year, divided by the gross internal floor area and hot water catering and plug loads.
(GIA) in m2. The value of using this as a metric to measure energy \ J N\ / \
performance is that it can be very easily checked. For a house or a flat
or a school which has heating that only serves that home or building, [ Y ( Heat network Hoot ot thej ( Energy related to other electricity
the energy use is the sum of the utility bills. EUI =| heatsourceand x  byilding + uses such as lighting, ventilation,
However, where there is a heat network (or a communal heating primary losses meter catering and plug loads.
system in general), it is less straightforward to assess the total energy - o \ <
used for that dwelling or building. ‘r
Boundary of the assessment
The usual definition of the EUI is the energy consumed within the site
boundary. However, where that site or building is served by an
energy centre that is outside the boundary, the system losses must be
considered to understand the total energy required to deliver the J
heat to the end user. /’—----- -------\\ ,/’_------ TTTT TS N

" V¢ | Resi Unit \
Heat or energy for heat " |{ H|U. ‘
If heat pumps are located in the energy centre, the efficiency of the : :I :
heat generation also sits outside the site boundary. If the delivered I :: I
heat is considered, rather than the energy used to generate it, the : Primary :: Secondary :
advantage of using a heat pump will not be captured by the EUI : System i losses :
assessment. 1 | I
The EUI will be the measured utility or energy supply to the energy : Energy Building Site/Building :
centre — whether that is gas or electricity — divided by the total GIA of : Centre meter :
the properties served from the network. This though will give an 1 . . - . I
average and will not distinguish better and worse performing : Pri tom | " i 0 :
buildings o. For a mixed use development, this could be very \ brerwarly ;ysdem osses mis ,“\ 'Secondary losses must be /
misleading. Some work will therefore be needed to develop a \\~_i:‘c_u_i________ / \\Jn-cl_ucie_d____________’,l

metering strategy that more accurately measures the actual energy

use of users.

7.0 Energy modelling analysis for Policy option 2

Figure 7.9 — Explanation of how EUIs can be calculated for heat networks

Return to contents >

N
~
O



Policy option 2 | How do you calculate EUI with a heat network?

Energy related to providing heating and hot water

Heat from a heat network is metered at the heat substation, usually
on the upstream (energy centre) side. In domestic developments, the
heat is also metered at the entry to each home, by the heat interface
unit (HIU) if there is one. These meter readings need to be adjusted
to account for the upstream (primary) system losses and the efficiency
of the heat generation plant to derive an equivalent EUI value that is
representative of the “Total Energy” used to deliver heat for heating
and DHW to each dwelling.

The heat network provider would need to advise the primary system
efficiency and losses to accurately assess the EUI.

For multi-residential blocks, the secondary losses can be measured by
summing all of the HIU readings and subtracting that total from the
main system meter reading — the difference will be the heat lost to
the common areas and the ground inside the building or site
boundary. These secondary losses can be applied as an average
factor to all of the heat meter readings in that building to give the
effective EUl required at the site boundary.

For single users, a house or a building like a school, the main system
heat meter reading can be used as the EUl required at the site
boundary.

The efficiencies and losses should be applied to the end use heat
figure and then added to the electrical meter reading to get an
overall EUl per building to compare to the policy target figure.

Energy related to providing heating and hot water

Electricity is always metered at the point of entry to a building or
separately for each home. This meter reading can be used directly in
the calculation of the EUI

7.0 Energy modelling analysis for Policy option 2

Energy related to Energy related to other

Total EUI = providing heating and + electricity uses such as lighting,

hot water ventilation, catering and plug

loads.

How do you calculate EUI with a heat network?

School Mid rise domestic Energy centre
Heating & hot water Heating & hot water metered at

metered at site site boundary and sub metered

boundary. at each home.

Electricity metered at Electricity metered at each

site boundary. home.

Gas (DH2)

L]
[ LI ]

Electricity from CHP
(DH2)

Heat network

Electricity

Figure 7.10 - The image above illustrates the metering strategy typically employed
when delivering heat from a DH network and the metering strategy for electrical
consumption. [t should be recognised that where Combined Heat and Power
generation is adopted, there will be a rebate due to the generation of electricity.
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Policy option 2 | Examples and target setting

Example with specific EUl targets

The targets set for EUI for each building and use type should be the
same irrespective of the heating system that is proposed, so that all
systems are compared with genuine equivalence.

For the heat network studies, only two typologies have been
modelled, the mid-rise domestic building and the school. The target
EUl recommended for each of these are:

Domestic - 35 kWh/m?5/yr.
School - 65 kWh/m?g,,/yr

These targets represent the total gas and electricity required to be
used for each building type, at the energy centre. It is not the total of
heat and electricity demand by the building or home. Whilst this
difference seems complex, given the correct information from the
heat network provider, it is a simple conversion to make. The
following pages work through the two modelled examples and both
network types to demonstrate the process of converting the heat
demand to a corresponding energy consumption that can be used to
assess the EUL.

7.0 Energy modelling analysis for Policy option 2

School Mid rise resi Energy centre

Gas (DH2)

L]

Electricity from CHP
(DH2)

Heat network

Electricity

Energy related to Energy related to other

Total EUI providing heating and electricity uses such as lighting,

hot water ventilation, catering and plug

loads.

Figure 7.11 - To calculate the EUI associated with the all energy use required to power the
buildings, and providing heating and DHW, the energy required to deliver this must be
considered.
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Policy option 2 | School - worked example

This page shows a worked example of how the EUI could be
calculated for the school based on a network using 110mm diameter
primary pipework, 90°C flow temperature. The actual performance of
each system will be individual to the system network characteristics,
and these can be highly variable.

Example using ‘ultra low energy’ performance:
* Space heating demand of 4.3 kWh/m?/yr
+ Hot water demand of 16.7 kWh/m?/yr,

+ Secondary losses between the building heat meter and the school
meter 10% of delivered heat. Heat at the building meter = 23.1
kWh/m?2/yr

+ Electricity related to other electricity uses such as lighting,
ventilation, catering and plug loads =38.9 kWh/m?/yr

DH1 - Energy from Waste

Assuming system performance characteristics as set out for DH1 and
distribution losses of 50% for a system operating within ‘good
practice’ parameters, the input energy to produce each kWh of heat
output is 0.20kWh. Heat generation energy is therefore (23.1 x 0.2) =
4.6 kWh/m?/yr

Total EUI = 4.6 + 38.9 = 43.5 kWh/m?%/yr

DH2 - Fossil fuel based heat network seeking to grow and decarbonise

Assuming system performance characteristics and heat generation
plant mix as set out for DH2 and distribution losses of 50% for a
system operating within ‘good practice’ parameters, the input energy
to produce each kWh heat output is 1.23 kWh. Heat generation
energy is therefore (23.1 x 1.23) = 28.4 kWh/m?2/yr

Total EUI = 28.4 + 38.9 = 67.3 kWh/mZ/yr

7.0 Energy modelling analysis for Policy option 2

School Energy centre

Summary of energy use

* 4.3 kWh/m?/yr heating

* 16.7 kWh/m?/yr hot water
*+ 38.9 kWh/m?/yr electrical

Gas (DH2)

LI
N .

Electricity from

CHP (DH2)
Heat network
Electricity
[ Energy related to Energy related to other )
Total EUI = providing heating and + electricity uses such as lighting,
hot water ventilation, catering and plug
. loads. y
EUI(DHN 1) = 4.6 + 38.9 = 43.5 kWh/m?/yr
EUI(DHN2) = 284 + 38.9 = 67.3 kWh/m?/yr
. J

Figure 7.12 — Calculation of the EUI associated with the connection to heat networks DH1 or DH2

Ul G b Heat Heat
- Predictive as irect um um
(kWh/m2/yr) boiler electric plessp pmorep DHN'T DHN 2
efficient efficient
65 64
<
0
R
S
¢ Grered 72 71 62 62
&5 practice
L
o)
i Ultra-low
60 60 57 57 44 67
energy

Table 7.34 — EUI associated with DH1 and DH2 (ultra-low energy) compared with other heating systems
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Policy option 2 | Mid rise apartment building - worked example

Mid rise resi Energy centre
This page shows a worked example of how the EUI could be Summary of
ry of energy use
calculated for the mid-rise apartment building based on a network « 7.6 KWh/m2/yr heating
using 110mm diameter primary pipework, 20°C flow temperature. * 14.8 kWh/m?/yr hot water

The actual performance of each system will be individual to the * 163 kWh/m?/yr electrical

system network characteristics, and these can be highly variable.
Gas (DH2)

Using ‘ultra low energy’ performance:
Space heating demand of 7.6 kWh/m?/yr,
Hot water demand of 14.8 kWh/m?/yr,

Secondary losses between the building heat meter and the flat meter

Electricity from CHP
(DH2)

Heat network

10% of delivered heat. Heat at the building meter = 24.6 kWh/m?/yr Electricity
Electricity related to other electricity uses such as lighting, ventilation, 4 c mted to ofh )
) B E lated t nergy related to other
catering and plug loads =16.3 kWh/mz/yr Total EUI = pro:iZ:E; Irﬁee:tieng :nd + electricity uses such as lighting,
hot water ventilation, catering and plug
DH1 - Energy from Waste \ loads. y
Assuming system performance characteristics as set out for DH1 and r
distribution losses of 50% for a system operating within ‘good EUIDHN1) = 4.9 + 16.3 = 21.2 kWh/m2/yr
practice’ parameters, the input energy to produce each kWh heat
output is 0.20kWh. Heat generation energy is therefore (24.6 x 0.2) = EUIDHN2) = 303 + 16.3 = 46.6 KWh/m2/yr
4.9 kWh/m?/yr \_ Yy,
Total EUl = 4.9 + 16.3 = 21.2 kWh/m?/yr Figure 7.13 - Calculation of the EUI associated with the connection to heat networks DH1 or DH2
- i i i Heat Heat

DH2 - Fossil fuel based heat network seeking to grow and decarbonise EUI - Predictive Gas Direct o oo N N2
Assuming system performance characteristics and heat generation (kWh/m2/yr) boiler electric less more
plant mix as set out for DH2 and distribution losses of 50% for a efficient efficient
system operating within ‘good practice’ parameters, input energy to
produce each kWh heat output is 1.23 kWh. Heat generation energy 5 =t ol
is therefore (24.6 x 1.23) = 30.3 kWh/m?2/yr &
Total EUI = 30.3 + 16.3 = 46.6 KWh/m%yr g Good - -

; practice

.0

=

= U:::r:’;” 39 32 26 21 47

7.0 Energy modelling analysis for Policy option 2 Table 7.35 — EUI associated with DH1 and DH2 (ultra-low energy) compared with other heating systems
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Policy option 2 - Summary

7.0 Energy modelling analysis for Policy option 2

Return to contents >

®
~



Predictive energy modelling analysis for Policy option 2 | Domestic buildings | Summary of findings

Energy modelling using PHPP software was undertaken to estimate

Space heating demand - Predictive

space heating demand and the total energy use (EUI) for the different (kWh/m2/yr)

domestic typologies.

. . . . . Terrace Low Rise Mid Rise High Rise
+ Space heating demand seeks to improve energy efficiency. As it d

can be seen from the adjacent table, the results are fairly
. . . 38 35 28 24
consistent and would enable to use a particular level for policy

=
o
(e.g. 15 or 20 kWh/m2.yr in line with the recommendations of the &
. . c
CCC). The Terrace house has the widest range of space heating g Good 33 28 22 20
demand per floor area (GIA) relative to the other typologies and ] Fleisi=d .
. . Sy .Q Space heating demand
the high-rise apartment building has the narrowest. 5
©
. o Ultra-low
. i 14 12 10 10
Energy Use Intensity (EUI) seeks to reduce total energy use. As it energy N Best

can be seen from the table below, the results are fairly consistent

and would enable to use a partlcular level for pollcy (e.g- Table 7.36 — Summary of space heating demand results ranges for each domestic

35kWh/m?2.yr). The benefit of introducing a heat pump is clearest typology and each different level of fabric and ventilation specifications

for the terrace house, reducing the EUl by 49% in the business-as-

usual scenario and 43% for the ultra-low energy scenario. Energy use intensity

Best

Terrace House Low rise apartment building Mid rise apartment building High rise apartment building
EUI - Predictive G b Heat Heat G 5 Heat Heat G 5 Heat Heat G 5 Heat Heat
KWh/m?2/vr as irect pump as irect pump as irect pump as irect pump
( y ) boiler electric less Pump boiler electric less Pump boiler electric less Pump boiler electric less Pump
officiont more efficient officiont more efficient officiont more efficient officiont more efficient
c 34 43 31 55 53 30 24
.0
=
i .
F Good :
g o0 31 39 28 49 29 28 2
& practice )
.0 ;
.
0 )
L Ultra-low )
27 25 31 23 25 20 ’
energy :
J
&
Table 7.37 - Energy use intensity result ranges for each case of each domestic typology
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Predictive energy modelling analysis for Policy option 2 | Non-domestic buildings | Summary of findings

Energy modelling using TAS and IES software in conjunction with

Space heating demand - Predictive

CIBSE TM54 was undertaken to estimate space heating demand and (KWh/mz/yr)

the total energy use (EUI) for the different non-domestic typologies.

+ Space heating demand seeks to improve energy efficiency. As it school Office indusril Hotel

can be seen from the adjacent table, the results are fairly

consistent and would enable to use a particular level for policy 5 = -

(e.g. 15 or 20 kWh/m?Z.yr). The school and office typologies have E

the widest range of space heating demand per floor area (GIA) § Good 12

relative to the other typologies. S RS .

L Space heating demand

» Energy Use Intensity (EUI) seeks to reduce total energy use. As it E .

can be seen from the table below, the range of results is very wide energy 4 4 10 15 W Best

and would require specific EUl targets for the different typologies.

The benefit of introducing a more efficient heat pump is clearest
for the hotel which has the highest EUI.

Table 7.38 — Summary of space heating demand results ranges for each non-
domestic typology and each different level of fabric and ventilation specifications

Energy use intensity

Best

School Office Industrial
EUI - Predictive Heat
. H H H H H H
(kWh/mz/yr) G:::s Dlrec't Pl PU?:‘]:’ G?s VRF Pu‘ﬁ; PTJ:?; G?s VRF . Four_ pu::; G_as Puen::: puen::) puen::’
boiler electric e#ie;:nt more efficiont boiler less efficient  mors effiment boiler pipe chiller more efficiont boiler 220) (400/300) (450/300)
= 65 64 104 81 50 34 34 32 159 174 158
Kol
&
g
g Good 72 71 62 62 72 74 72 30 31 29 222 152 166 152
& practice
L
4
L Ultra-low
60 60 57 57 71 66 67 66 36 28 28 27 143 154 142
energy
&
Table 7.39 - Energy use intensity result ranges for each case of each non-domestic typology
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8.0

Comparison between modelling results for
Policy options 1 and 2 and indicative
targets for these policies



8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

The main aim of this section is to derive some Comparison for domestic buildings

indicative policy suggestions, e.g.

» Policy option 1: buildings should achieve a 8.1.1 8.1.2 8.1.3 8.1.4
minimum 65% CO, reduction.

« Policy option 2: buildings should achieve a Comparison for Comparison for Comparison for Comparison for
space heating demand of less than 15 terrace house low-rise mid-rise high-rise
kWh/mZ2.yr and a minimum energy use intensity apartment apartment apartment
(EUI) of less than 35 kWh/mZ2.yr . building building building

Secondly, it enables a comparison between the

likely effects that policy options 1 and 2 would

have, i.e. which combination of specifications

would find it more challenging to comply. Comparison for non-domestic buildings

8.2.1 8.2.2 8.2.3 8.24
Comparison for Comparison for Comparison for Comparison for
office building primary school industrial building hotel

Additional analysis on heat networks - conclusion

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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How to read the tables in this section

The tables in this section
are the same as the ones
shown earlier in the
report for Policy option 1
(Section 6.0) and Policy
option 2 (Section 7.0).

The only difference is the
addition of blue
rectangles to show which
cases would comply with
the indicative policy
target suggested.

Policy option 1 (% over Part L)

With PV
Reduction in CO, -
SAP10.2 Gas Direct I_:Jer:t I_:J?::t
GLA (reg) boiler electric P ' P P P
less efficient  more efficient
Grelee 53% 62% 75%
practice
iezlory 64% 72% 81%
energy

Table 8.1 — Performance of each case in terms of CO, overlaid with compliance with
all Part L 2021 criteria and compliance with indicative policy target for option 1

Would not pass all building
regulations Part L 2021 metrics

Compliant with proposed policy option

Compliant with one of two metrics

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Policy option 2 (Space heating demand and EUI)

Space heating demand -

Predictive
(kWh/m2/yr)

Good
practice

Ultra-low
energy

10

Table 8.2 — Performance of each fabric and ventilation specification level in terms
of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2

EUI - Predictive Gas Direct fleat Fleat
(kWh/m2/yr) boiler electric pump pump
less efficient  more efficient

oo | — ..I_>§.
00
practice 3 I 29
|_ = I _ _|
Ultra-low

Table 8.3 — Performance of each case in terms of energy use intensity (EUI)
overlaid with compliance with all criteria in Part L 2021 criteria and compliance with
indicative policy target for option 2
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8.1

Comparison for domestic buildings

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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8.1.1

Comparison for terrace house

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Return

191



Terrace House | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

N
I

]

Compliant with
proposed policy
option

1 on the left

2 on the right

- _I Compliant with
I_ . one of two
metrics

Would not pass all 3
building regulations
Part L 2021 metrics

Policy option 1 (% over Part L)

With PV
Reduction in CO, -
SAP 10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump
less efficient  more efficient

o Q%

c

S
&

;C-; Good

> . 64% 98% 99%
& practice

0
I

i Ultra-low

45% 79% 104%
energy

Table 8.4 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria and compliance with indicative policy target for option
1

Indicative policy requirement:
*  65% improvement over Part L 2021.

* This threshold drives better energy efficiency by
capturing the cases which marry good fabric
requirements with efficient heating systems. It pushes
schemes with direct electric to have an "ultra-low
energy’ fabric and ventilation.

e It could be raised to 70% or even 75% for the terrace
house but this would make it inconsistent with the
'high-rise’ apartment building.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Policy option 2 (Space heating demand and EUI)

Space heating demand -

Indicative policy requirement:
Predictive
(kWh/m?2/yr) * SHD < 15 kWh/m2.yr

+ EUI < 35 kWh/m2.yr

=
-% * These are in line with the
- Faed |ndustr¥ definition of Net Zero
& practice Operational Carbon for
o residential buildings
ﬁ Ultra-l
tra-low 14
energy

Table 8.5 — Performance of each fabric and ventilation specification level in terms
of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2

Heat
pump

more efficient

Heat
pump

less efficient

EUI - Predictive

Gas
boiler

Direct

(kWh/m?/yr) electric

c
.0
© —— ——
= | ar 1
2 Good 3¢ I 3 12
3 practice 2
(3} | I <
o= —-— - -_— - - 8
z tra-| S
e o
Ue::r y 27 25 o
gy e
£
Table 8.6 — Performance of each case in terms of energy use intensity (EUI) =
overlaid with compliance with all criteria in Part L 2021 criteria and compliance with &

indicative policy target for option 2
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Terrace House | Part L modelling vs Predictive energy modelling

N
I

EU II 80

70 Unregulated
energy use
P> Space heating appears to be significantly underestimated in Part L

modelling, which means that changes to U-values, windows, 60
airtightness will have less effect, thereby not encouraging better
fabric and better design.

50
P> Domestic hot water appears to be significantly overestimated in E
Part L modelling. As heat pumps are generally less efficient when RS 40 «
producing hot water, this negatively affects their performance and EE <
may reduce the difference between a ‘less efficient’ and a ‘more E . Equipment*
efficient’ heat pump system. 30 [ Lighting
> Part L has a simple and standardised calculation for estimating ] Auxwary flans and! pumps)
‘unregulated’ energy use (shown dashed in graph). This is hugely 20 - O COOlmgv
overestimated given that this only covers the cooking and appliances, Bl Domestic hot water

. Space heating

with no estimation for plug loads. The overestimation of unregulated 10
loads means that it can become daunting to include them in dwelling
calculations and any attempt to offset them or balance them with

renewable energy appears expensive.
Benchmark Part L Predictive

Scenario 2C

Figure 8.1 — Comparison between the results of the Part L energy model and the Predictive

energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump

* Note that the Part L equipment (cooking and appliances) is not currently an output from SAP
10.2 software.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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8.1.2

Comparison for low-rise apartment building

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Low-rise apartment building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L) Policy option 2 (Space heating demand and EUI)

With PV
Reduction in CO, - 3 o ) .
SAP 10.2 Gas Direct Heat Heat : Space heating demand - Indicative policy requirement:
GLA (reg) boiler electric pump pump 3 AN
less efficient  more efficient i (kWh/mz/yr) « SHD< 15 kWh/mZ.yr
« EUI < 35 kWh/m2.yr
[ N N c
-% -% * These are in line with the
= = industry definition of Net Zero
g Good 64% 75% g Good Operational Carbon for
o practice & practice P
L L residential buildings
a a
2 Ultra-low 2 Ultra-low
43% 77% 12
energy energy
Table 8.7 — Performance of each case in terms of CO, overlaid with compliance with Table 8.8 — Performance of each fabric and ventilation specification level in terms
all Part L 2021 criteria and compliance with indicative policy target for option 1 of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2
Compliant with | Indicative policy requirement:
. - : Heat Heat
proposed policy EUI - Predictive Gas Direct
. | . 1 P . . pump pump
option | *  65% improvement over Part L 2021. 1 (kWh/m?2/yr) boiler electric " b
i ! ess efficient  more efficient

Would not pass all 3
>< building regulations | inconsistent with the ‘high-rise” apartment building.

Part L 2021 metrics
Table 8.9 — Performance of each case in terms of energy use intensity (EUI)

overlaid with compliance with all criteria in Part L 2021 criteria and compliance with

Tonthe left ! * This threshold drives better energy efficiency by |
2 on the right ! capturing the cases which marry good fabric c : |
: requirements with efficient heating systems. It pushes '% VA
- _| Compliant with i schemes with direct electric to have an ‘ultra-low E 5 b
: [
|_ . oneoftwo 3 energy’ fabric and ventilation (or more PVs). ; practice 65 39 I 2 | /U\,
metrics ‘ o |_ — | %
* It could be raised to 70% or even 75% for the low-rise 2 =
apartment building but this would make it - Ultra-low 31 23 S
energy e}
2
£
2
0
x

indicative policy target for option 2

N
O
(&3]

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets



Low-rise apartment building | Part L modelling vs Predictive energy modelling

P> Space heating appears to be significantly underestimated in Part L
modelling, which means that changes to U-values, windows,
airtightness will have less effect, thereby not encouraging better
fabric and better design.

P> Domestic hot water appears to be grossly overestimated in Part L
modelling. As heat pumps are generally less efficient when producing
hot water, this negatively affects their performance and may reduce
the difference between a ‘less efficient’ and a ‘more efficient’ heat
pump system.

> Part L has a simple and standardised calculation for estimating
‘unregulated’ energy use (shown dashed in graph). This is hugely
overestimated given that this only covers the cooking and appliances,
with no estimation for plug loads. The overestimation of unregulated
loads means that it can become daunting to include them in dwelling
calculations and any attempt to offset them or balance them with
renewable energy appears expensive.

> The ‘regulated’ (heating, hot water, lighting, auxiliary) portion of
the energy use in Part L, exceeds even the total energy use (including
unregulated loads — equipment) for the predictive model.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

90

80

70

60

50

40

kWh/m?2/year

30

20

10

Unregulated
energy use

Ke

<

Equipment*

Lighting

Auxiliary (fans and pumps)
Cooling

Domestic hot water

Space heating

Benchmark

Part L Predictive

Scenario 2C

Figure 8.2 — Comparison between the results of the Part L energy model and the Predictive

energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump

* Note that the Part L equipment (cooking and appliances) is not currently an output from SAP

10.2 software.
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Comparison for mid-rise apartment building

between modelling results for Policy options 1 and 2 and indicative targets

8.0 Comparison



Mid-rise apartment building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Compliant with
proposed policy
option

1 on the left

2 on the right

- _I Compliant with
I_ . one of two
metrics

Would not pass all 3
>< building regulations
Part L 2021 metrics

Poli

icy option 1 (% over Part L)

With PV
Reduction in CO, -
SAP10.2 Gas Direct Heat Heat
GLA (reg) boiler electric pump pump

Fabric & ventilation

less efficient  more efficient

e RO D=

Good

; 53% 62% 75%
practice
Ultra-low 64% 72%
energy

Table 8.10 — Performance of each case in terms of CO, overlaid with compliance

with all Part L 2021 criteria and compliance with indicative policy target for option 1

Indicative policy requirement:

65% improvement over Part L 2021.

This threshold drives better energy efficiency by
capturing the cases which marry good fabric
requirements with efficient heating systems. It pushes
schemes with direct electric to have an even better
level of fabric and ventilation performance than “ultra-
low energy’ or more PVs.

It could be raised to 70% for the mid-rise apartment
building but this would make it inconsistent with the
‘high-rise’ apartment building.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Policy option 2 (Space heating demand and EUI)

Space heating demand - Indicative policy requirement:
Predictive
(kWh/m?2/yr) * SHD < 15 kWh/m2.yr

« EUI < 35 kWh/m2.yr

C
'*,9; * These are in line with the
E_;" Good industry definition of Net Zero
; practice Operational Carbon for
% residential buildings
& Ultra-low
10
energy

Table 8.11 — Performance of each fabric and ventilation specification level in terms
of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2

Heat Heat
pump pump

less efficient  more efficient

XX

EUI - Predictive Gas Direct
(kWh/m2/yr) boiler electric

c

.0

® p—

= . I I

g 0o 29 |

& practice

0 I|_ —

S

w Ultra-low 32 2%
energy

Table 8.12 — Performance of each case in terms of energy use intensity (EUI)
overlaid with compliance with all criteria in Part L 2021 criteria and compliance with

indicative policy target for option 2
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Mid-rise apartment building | Part L modelling vs Predictive energy modelling

Unregulated

00 energy use

P> Space heating appears to be significantly underestimated in Part L 80 5
modelling, which means that changes to U-values, windows,
airtightness will have less effect, thereby not encouraging better 20
fabric and better design.
P> Domestic hot water appears to be grossly overestimated in Part L 60
modelling. As heat pumps are generally less efficient when producing
hot water, this negatively affects their performance and may reduce § 50 Key
the difference between a ‘less efficient’ and a ‘more efficient’ heat L E
pump system. EE 40 I Equipment*

< . Lighting
> Part L has a simple and standardised calculation for estimating -~ B Auxiliary (fans and pumps)
‘unregulated’ energy use (shown dashed in graph). This is hugely 30 B cooling
overestimated given that this only covers the cooking and appliances, B Domestic hot water
with no estimation for plug loads. The overestimation of unregulated 20 B space heating
loads means that it can become daunting to include them in dwelling
calculations and any attempt to offset them or balance them with 10
renewable energy appears expensive.
> The 'regulated’ (heating, hot water, lighting, auxiliary) portion of 0 o
the energy use in Part L, exceeds even the total energy use (including Benchmark PartL Predictive
unregulated loads — equipment) for the predictive model. Scenario 2C

Figure 8.3 — Comparison between the results of the Part L energy model and the Predictive
energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump

* Note that the Part L equipment (cooking and appliances) is not currently an output from SAP
10.2 software.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Comparison for high-rise apartment building

1]
1]
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1]
a
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8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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High-rise apartment building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L) Policy option 2 (Space heating demand and EUI)

With PV
Reduction in CO, - heati
SAP 10.2 Gas Direct Heat Heat Space eatn?g.demand = Indicative policy requirement:
£ GLA (reg) boiler electric pump pump Azl

I
z
iy

(kWh/m?/yr) + SHD < 15 kWh/m2.yr

less efficient  more efficient

\z\

i
7
I / « EUI < 35 kWh/m2.yr
= O O O c
15}
-% B e These are in line with the
= Good .g Good industry definition of Net Zero
> o 56% 65% 77% “ ractice Operational Carbon for
& practice o3 P P
2 = residential buildings
4 S
= Ultra-low L Ultra-low 10
energy 63% 69% energy

Table 8.13 - Performance of each case in terms of CO, overlaid with compliance Table 8.14 — Performance of each fabric and ventilation specification level in terms

with all Part L 2021 criteria and compliance with indicative policy target for option 1 of space heating demand overlaid with compliance with the FEE criterion in Part L

2021 criteria and compliance with indicative policy target for option 2

Compliant with indicative policy requirement: Heat Heat
proposed policy EUI - Predictive Gas Direct um um
option *  65% improvement over Part L 2021. (kWh/m2/yr) boiler electric pumP pamp

ess efficient  more efficient
1 on the left

* This threshold drives better energy efficiency by
2 on the right capturing the cases which marry good fabric
requirements with efficient heating systems. It pushes

schemes with direct electric to have an even better

I Compliant with

Fabric & ventilation

Return to contents >

I_ = oOneoftwo level of fabric and ventilation performance than “ultra- practice
metrics low energy’.
Would not pass all 3 + Setting the threshold at 70% would be too restrictive U;tnrz;low
>< building regulations in terms of heating system, making it virtually <t
Part L 2021 metrics i i i i i !
ImpOSSIble to comply with direct electric or a ‘less Table 8.15 — Performance of each case in terms of energy use intensity (EUI)
efficient’ heating system. overlaid with compliance with all criteria in Part L 2021 criteria and compliance with
indicative policy target for option 2
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High-rise apartment building | Part L modelling vs Predictive energy modelling

a
a
o
o
o
1}
a
o
o
o
o
a
o
a
a
o
g
a
o
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P> Space heating appears to be significantly underestimated in Part L
modelling, which means that changes to U-values, windows,
airtightness will have less effect, thereby not encouraging better
fabric and better design.

P> Domestic hot water appears to be grossly overestimated in Part L
modelling. As heat pumps are generally less efficient when producing
hot water, this negatively affects their performance and may reduce
the difference between a ‘less efficient’ and a ‘more efficient’ heat
pump system.

> Part L has a simple and standardised calculation for estimating
‘unregulated’ energy use (shown dashed in graph). This is hugely
overestimated given that this only covers the cooking and appliances,
with no estimation for plug loads. The overestimation of unregulated
loads means that it can become daunting to include them in dwelling
calculations and any attempt to offset them or balance them with
renewable energy appears expensive.

> The ‘regulated’ (heating, hot water, lighting, auxiliary) portion of
the energy use in Part L, exceeds even the total energy use (including
unregulated loads — equipment) for the predictive model.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Unregulated
90 energy use

80

70

60

50

40

kWh/m?/year

30

20

10

Benchmark Part L Predictive

Scenario 2C

Ke

<

Equipment*

Lighting

Auxiliary (fans and pumps)
Cooling

Domestic hot water

Space heating

Figure 8.4 — Comparison between the results of the Part L energy model and the Predictive

energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump

* Note that the Part L equipment (cooking and appliances) is not currently an output from SAP

10.2 software.
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8.2

Comparison for non-domestic buildings

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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8.2.1

Comparison for office building

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Office building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L)

With PV
Reduction in CO, -

NCM - SAP 10.2 Gas Heat Heat

GLA (reg) boiler VRF pump pump

less efficient  more efficient

Ultra-low
energy

PV area covering 50% of the building footprint area

Good
practice

Table 8.16 — Performance of each case in terms of CO, overlaid with compliance
with all Part L 2021 criteria and compliance with indicative policy target for option 1

Compliant with
proposed policy
option

Indicative policy requirement:
1 on the left
. *  25% improvement over Part L 2021.
2 on the right

* It enables ‘good practice’ and ‘ultra-low energy’
| Compliant with levels of fabric and ventilation to comply with various
! one f’f two types of electric heating systems.
metrics

Would not pass both
>< building regulations

Part L 2021 metrics

« Unfortunately, a gas heating system would still be
possible with an ‘ultra-low energy’ fabric and
ventilation. Other policy mechanisms are
recommended to prevent new fossil fuel heating
systems to be granted planning permission.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Policy option 2 (Space heating demand and EUI)

Space heating demand - Indicative policy requirement:
Predictive

(kWh/m2/yr) + SHD < 15 kWh/mZ.yr

* The EUl is higher than the 55

Good
practice for office buildings. The LETI
target indicates what can be
Ultra-low achieved in use whereas this
energy 4 evidence base seeks to set a
reasonable minimum target.

Table 8.17 — Performance of each fabric and ventilation specification level in terms
of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2

Heat Heat
VRF pump pump

less efficient  more efficient

EUI - Predictive Gas
(KWh/m?/yr) boiler

Gloioe 72 74 72
practice
Ultra-low 6 67 6
energy

Table 8.18 — Performance of each case in terms of energy use intensity (EUI)
overlaid with compliance with all criteria in Part L 2021 criteria and compliance with
indicative policy target for option 2

kWh/m2.yr suggested by LETI
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Office building | Part L modelling vs Predictive energy modelling

P> Space heating appears to be significantly underestimated in Part
L modelling, which means that changes to U-values, windows,
airtightness will have limited effect, thereby not encouraging better
fabric and better design.

> Part L estimates ‘unregulated’ energy use (shown dashed in
graph) but does not include it in the reported emissions and energy
metrics. Policy Option 1 would therefore have no effect on it. The
predictive modelling allows greater scrutiny of equipment loads and
has found that equipment energy use is likely to be much lower than
Part L calculates. This goes some way to explaining the very low
space heating load, as equipment heat gains in the spaces act to
suppress the heating load.

> The predictive modelling has found that the auxiliary (fans and
pumps) energy use is likely to be much higher than is assumed by
Part L.

P> Benchmark total - the best practice benchmark for total energy
use in offices is 120kWh/m?2/yr. This figure is almost twice the EUI
estimated by the predictive model. This shows that an energy model
would always show how much energy a building could use if it was
managed perfectly. Although some might say the estimate is
unrealistic, it is a useful target to have when a building is being
operated: it shows how low energy use could be.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Figure 8.5 — Comparison between the results of the Part L energy model and the Predictive
energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump
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8.2.2

Comparison for primary school
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8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Primary school building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L)

onog =
B o Doy

1!

—

With PV
Reduction in CO, - .
NCM- SAP 10.2 Gas Direct Heat Heat Space heating demand - Indicative policy requirement:
GLA (reg) boiler electric pump pump Fedictive

less efficient  more efficient

(kWh/m?/yr) *  SHD < 15 kWh/m2.yr

c c
o
'% B * These are in line with the
b= = industry definition of Net Zero
9 Good 40% 40% g Good Oberational Carbon for school
& practice & practice perational Carpon for schoo
2 2 buildings
- H
- (18 o
L= Ultra-low 63% 73% 83% Ultra-low 4
energy energy

of space heating demand overlaid with compliance with the FEE criterion in Part L

Table 8.19 — Performance of each case in terms of CO, overlaid with compliance 2021 criteria and compliance with indicative policy target for option 2

with all Part L 2021 criteria and compliance with indicative policy target for option 1

PV area covering 25% of the building footprint area Table 8.20 — Performance of each fabric and ventilation specification level in terms
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Primary school building | Part L modelling vs Predictive energy modelling
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P> Space heating appears to be significantly underestimated in Part
L modelling, which means that changes to U-values, windows,
airtightness will have limited effect, thereby not encouraging better
fabric and better design.

> Part L estimates ‘unregulated’ energy use (shown dashed in
graph) but does not include it in the reported emissions and energy
metrics. Policy Option 1 would therefore have no effect on it. The
predictive modelling allows greater scrutiny of equipment loads and
has found that equipment energy use is likely to be lower than Part L
calculates. This goes some way to explaining the very low space
heating load, as equipment heat gains in the spaces act to suppress
the heating load.

> The combination of the above and the overestimation of fan
power means that MVHR could be discouraged using Policy Option
1. The predictive modelling has found that the auxiliary energy use is
likely to be much lower than is assumed by Part L, meaning that
ventilation systems that are overall more efficient will be incentivised.

P> Benchmark total - the best practice benchmark used is 100
kWh/m?/yr., which approximately aligns with the proposed
performance level stated for primary schools in the the Green
Construction Board research on energy efficiency for BEIS' Buildings
Mission 2030. This is around half the CIBSE good practice benchmark
data for existing school buildings, which is not considered
appropriate as it is 10 years old, probably backward looking, and not
transparent about what is included.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Figure 8.6 — Comparison between the results of the Part L energy model and the Predictive
energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump
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Industrial building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L) Policy option 2 (Space heating demand and EUI)

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Four pipe Heat Space heatir.mg'demand = Indicative policy requirement:
GLA (reg) boiler VRF chiller pump NEdE s
more efficient (kWh/mZ/yr) « SHD< 15 kWh/mZyr
. 2
) e e 53% ) EUI < 35 kWh/mZ2.yr
-% '% * These are in line with the
*s' Good . 105 e, g Good industr)'/ definition of Net Zero
‘; practice & ® ® ; practice Operational Carbon.
Q L
e o]
© ©
L= Ultra-low 48% 46% 61% L= Ultra-low 10
energy energy

of space heating demand overlaid with compliance with the FEE criterion in Part L

Table 8.22 — Performance of each case in terms of CO, overlaid with compliance with 2021 criteria and compliance with indicative policy target for option 2

all Part L 2021 criteria and compliance with indicative policy target for option 1

Compliant with Hoat
proposed policy EUI - Predictive Gas VRF Four pipe u‘:)
option (kWh/m?/yr) boiler chiller P ff'p' )
Indicative policy requirement: more efricien
1 on the left j—— | ——°ar—=—1
2 on the right *  45% improvement over Part L 2021. _ I 32 It 32 11 3 |
o | 1 |
- + An efficient heat pump scenario can comply relatively o L -L_-_-Y— -
| Compliant with easily but other forms of electric heating would only = Good
| — oneoftwo v with ltradl ' fabri q > ractice 30 31 29
— et comply with an ‘ultra-low energy’ fabric an 3 P
ventilation. _§
L= Ultra-|
Would not pass both er::rgo;v 36 28 28 27
>< building regulations

Part L 2021 metrics
Table 8.24 — Performance of each case in terms of energy use intensity (EUI)

PV area covering 20% of the building footprint area Table 8.23 — Performance of each fabric and ventilation specification level in terms
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indicative policy target for option 2
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Industrial building | Part L modelling vs Predictive energy modelling

30
P> Space heating appears to be significantly underestimated in Part 20
L modelling, which means that changes to U-values, windows,
airtightness will have limited effect, thereby not encouraging better
fabric and better design. 70
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8.2.4

Comparison for hotel

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Hotel building | Policy Option 1 (% over Part L) vs Option 2 (Space heating demand and EUI)

Policy option 1 (% over Part L)

With PV
Reduction in CO, -
NCM - SAP 10.2 Gas Heat Heat Heat
GLA (reg) boiler pump pump pump
(220) (400/300) (450/300)

=

.0

=]
o

=

o Good
o5 practice
0
o

@

L8 Ultra-low

energy

PV area covering 50% of the building footprint area

Table 8.25 — Performance of each case in terms of CO, overlaid with compliance with
all Part L 2021 criteria and compliance with indicative policy target for option 1

Compliant with
proposed policy
option

Indicative policy requirement:
1 on the left

* 10% improvement over Part L 2021.
2 on the right

+ This would enable ‘good practice’ and ‘ultra-low

- _l Compliant with energy’ fabric and ventilation combined with heat
I _ oneoftwo pump scenarios to comply.
metrics

Would not pass both
>< building regulations

Part L 2021 metrics

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

Policy option 2 (Space heating demand and EUI)

Space heating demand - Indicative policy requirement:
Predictive

(kWh/m2/yr) * SHD < 15 kWh/m2.yr

«  EUI < 160 kWh/m2.yr

c

'% * These are in line with the

%‘ Good industry definition of Net Zero

; practice Operational Carbon, although

2 the particular hotel modelled in

K this evidence base is a high-

1 Ultra-low 15 9
energy energy use type.

Table 8.26 — Performance of each fabric and ventilation specification level in terms
of space heating demand overlaid with compliance with the FEE criterion in Part L
2021 criteria and compliance with indicative policy target for option 2

EUI - Predictive Gas Fl'fr:t F:"f:t Fl'fmat
(KWh/m?2/yr) boiler pump pump pump
(220) (400/300) (450/300)

|— =—r—=—1

_ 1 159 I g5 1
= S |
© - [ ——
TE | -ar 1
g oo 1 152 o152 |
& practice
0 S |
a
i Ultra-low
143 142
energy

Table 8.27 — Performance of each case in terms of energy use intensity (EUI)
overlaid with compliance with all criteria in Part L 2021 criteria and compliance with
indicative policy target for option 2
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Hotel building | Part L modelling vs Predictive energy modelling
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> Catering loads are very dominant in the predictive model yet have
little bearing on building design and are likely, at planning stage, to
be indicative estimates based on CIBSE benchmarks.

P> DHW loads dominate the Part L assessment. Lower demand
assumptions (based on CIBSE benchmarks) and cooler storage/supply
temperatures result in lower energy use in predictive model.

P> Benchmark total - the CIBSE best practice benchmark for total
energy use in hotels is 340kWh/m?2/yr. This figure is 10 years old, was
probably backward looking then, and is not transparent about what is
included, but is twice the EUl estimated by the predictive model.

P> Space heating is significantly underestimated in Part L modelling,
which means that changes to U-values, windows, airtightness will
have little effect, thereby not encouraging better fabric and better
design.

> Part L estimates ‘unregulated’ energy use (shown dashed in
graph) but does not include it in the reported emissions and energy
metrics. Policy Option 1 would therefore have no effect on it. The
predictive modelling allows greater scrutiny of equipment loads and
has found that equipment energy use (excluding catering loads) is
likely to be much lower than Part L calculates.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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Figure 8.8 — Comparison between the results of the Part L energy model and the Predictive

energy model, per separable energy use, for a typical ‘good practice’ scenario with a heat pump
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8.3

Additional analysis on heat networks - conclusion

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets
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How would heat networks perform under Policy options 1 and 2?

Purpose of the TNZC study

The main aim of the TNZC study is to establish an evidence base to
inform and support the development of new energy and carbon
policies for new buildings in each of the 18 London Boroughs.

Heat networks are a key part of current GLA policy for heating, so it
was necessary, as part of the study, to investigate how they would
perform under Policy option 1, and to explain how they would be
assessed (and perform) using Policy option 2.

Summary of conclusions

+ Because the carbon content of grid electricity has rapidly reduced
and heat pumps have become the first choice for local heating
systems, the reduction in emissions that may be delivered by heat
networks should be re-evaluated against this new baseline.

+ Part L 2021 energy modelling used for Policy option 1 assess DH1
(Energy from Waste) favourably but not DH2, particularly in terms
of carbon. It performs worse than a local heat pump system, which
seems logical.

*+ Itis possible to evaluate the performance of heat networks using
the EUI metric (Policy option 2), with the additional information
from the network providers. Including heat generating plant
efficiencies and actual predicted system losses.

e Distribution losses are an inevitable feature of all heat networks.
These system losses should be evaluated for each application,
rather than estimated based on a factor of the heat delivered.

8.0 Comparison between modelling results for Policy options 1 and 2 and indicative targets

With PV
Reduction in CO,
=SlE) Gas Direct Il-|eat Heat
ump um
(reg) boiler electric less pmorep DHN1 DHN 2
efficient efficient
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o

5

2

|

2 Ultra-|

i e;:rg";" 63% 73% 83% 112% 75%

Table 8.28 - Policy option 1: performance of DH1 and DH2 (assuming an ultra-low energy building) in terms
of CO, compared with all other cases

EUI - Predicti G b Heat Heat
- Predictive as irect
. . pump pump
(kWh/m2/yr) boiler electric less more DHN1 DHN 2
efficient efficient
65 64
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S Goqd 72 71 62 62
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]
i Ultra-low
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Table 8.29 — Policy option 2: performance of DH1 and DHZ2 (assuming an ultra-low energy building) in
terms of energy use intensity (EUI) compared with all other cases
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Cost modelling



9.0 Cost modelling

What would be the likely impact of these different
combination of specifications on capital
(construction) costs? And on the energy costs that
residents would have to pay?

This section, prepared by Currie & Brown, seeks to
provide these answers and forms part of this
evidence base.

As always with costs, it is important to understand
how these assessments were undertaken as well as
their limitations. In particular:

» The costs models are based on the buildings
modelled. Although the trends and orders of
magnitude are expected to be broadly similar
for other buildings within the same archetype,
variations are possible.

* The 'cost reference scenario’ or ‘baseline’ has
been chosen to represent a set of specifications
which would comply with Part L 2021.

» Annual domestic energy costs are highly
sensitive to utility prices which have been very
volatile. This section has been included in this
evidence base to illustrate that more efficient
and better buildings would benefit residents'
energy bills too. It should not be relied upon to
accurately predict a particular building’s future
energy bills.

9.0 Cost modelling

9.1
Capital cost
modelling

9.2

Domestic energy
costs
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How to read tables in this section?

These tables indicate, for each archetype, the comparative
construction costs of each combination of specifications compared to
a 'cost reference scenario’ or ‘baseline’ selected on the basis that it is
Part L 2021 compliant.

The costs are shown as savings (shades of blue) or additional costs
(shades of pink), and they are indicated both in % and £/m?.

A red cross has been added over the scenarios which would not
comply with Part L 2021 of the building regulations.

Would not pass all
>< criteria of building

regulations Part L 2021

9.0 Cost modelling

Low-rise apartment (~ £2,500/m? baseline construction cost)

With PV
% uplift in cost per Heat Heat
m? of construction Gas Direct
boiler electric pump pump

less efficient  more efficient

' oo -X :

c

S

5

€

g Good 0.0% 2.3% 2.1% 4.7%
& practice

L

6

s Ultra-low

2.4% 0.2%
energy

Table 9.1 — Relative costs (%) of each case compared to the ‘0" baseline, overlaid
with compliance with all Part L 2021 criteria and

With PV
£/m2 of
. Heat Heat
construction Gas Direct
boiler electric pump pump

less efficient  more efficient

>OCX

c

0

=

?, Good

> practice f0 -£57 £51 £117
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o

©
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energy

Table 9.2 - Relative costs (£/m?) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria and
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9.0 Cost modelling

9.1

Capital cost modelling
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Cost methodology and impact of inflation since 2019 cost assessment

Costing approach

The uplift costs associated with each specification option were
estimated based on Currie & Brown's cost datasets for energy
efficiency and low carbon technologies which incorporate information
from market prices, specific market testing and first principles cost
planning by their specialist quantity surveyors.

The costs are based on Q4 2022 prices and reflect a London cost base
inclusive of overheads, profit and preliminaries.

Costs were developed for each affected element to identify the
variance in price between the baseline and the enhanced
specifications. Those elements that are not materially affected by the
energy efficiency / low carbon technology options, e.g substructure,
roof coverings, kitchen and bathrooms, etc, were not costed in detail.
Instead, these costs were incorporated within the ‘balance of
construction’ cost estimated by reference to a typical whole building
construction cost per m? for the building type in question. This whole
building cost was then adjusted for each option based on the
variance in the elements costed in detail to determine the overall
percentage impact on construction costs.

Inflation

Overall cost inflation in London between Q2 2019 (first Towards Net
Zero Carbon study) and Q4 2022 (this update) is c.12% based on
published tender price indices which also reflect Currie & Brown'’s
experience of average tender returns over this period.

Inflation is driven by a wide range of factors, predominantly materials
pricing, but also wage inflation and reflects a combination of supply
shortages, exchange rates, and wider inflation across the UK and
global economy. Materials pricing indices show more significant
inflation for some products notably aggregates (over 60%) and
insulation (30%). We have therefore applied element specific inflation
rates accordingly as follows: flat roofs (25%), heating and heat
distribution (25%), windows (30%).

9.0 Cost modelling

-10%

-15%

-20%

Some products, notably photovoltaics, are experiencing more
significant short-term cost ‘spikes’ due to short term stock availability.
However, we do not believe these elevated rates will be sustained
beyond the short term (6-9 months) and so have excluded from this
analysis on the basis that they will not be in place when new policies
are implemented.

Future projection

Notwithstanding the currently high levels of economic instability and
associated uncertainties in economic forecasting, some indicative
levels of future inflation are shown below suggesting that it is likely
that overall construction cost inflation in years 2023-25 will be under
5% per year. This industry average figure masks a reasonable degree
of variability in demand for different sectors with strong activity in the
public sector from a backlog of public projects currently in
procurement and a weakening in demand in the commercial
(particularly office) market.

Indicative economic data forecast (%) (2019-2025)

15%

10%

5%

2019 2020 2021 2022 2023 2024 2025

-5%

UK GDP (Experian) UK construction output (Experian / BCIS)

Currie & Brown UK TPI (Q3 2022) =——— CPI (Experian)

Figure 9.1 - Inflation projection to 2025
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Terrace house | Capital costs

mil

Cost analysis shows that the Good practice standard with gas is
similar in cost to a BAU fabric with a heat pump.

The ultra-low energy fabric is ¢.3% more expensive than the Good
Practice specification largely a result of the costs of the higher
specification walls, floor and windows.

The introduction of a heat pump or better heat pump adds around
1.5-2.5% to the capital cost while direct electric heating and hot
water systems are c.2% less expensive than gas boiler option.

There is potential to reduce the capital costs of the heat pumps for
the ultra-low energy standards if units of a smaller capacity can be
specified (ie <5kW). However, there are relatively few of these
systems available.

Would not pass all 3
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Terrace house (~ £2,020/m? baseline construction cost)

With PV

% uplift in cost per ‘ Heat Heat
m?2 of construction Gas Direct pump pump

boiler electric o T
less efficient  more efficient

B R

Good
practice

energy

Table 9.1 — Relative costs (%) of each case compared to the ‘0" baseline, overlaid

0.0% -2.0% 1.4% 2.3%

Fabric & ventilation

with compliance with all Part L 2021 criteria

With PV
f/m?2 of H
. eat Heat
construction Gas Direct
boiler electric pump pump

less efficient  more efficient
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C
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> practice f0 -£40 £28 f46
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Table 9.2 - Relative costs (£/m?) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria
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Low-rise apartment building | Capital costs

Cost analysis shows that the Good practice standard with gas is
similar in cost to a BAU fabric with a heat pump.

The ultra-low energy fabric is ¢.2.4% more expensive than the Good
Practice specification largely as a result of the costs of the higher
specification walls, floor and windows.

The introduction of a heat pump or better heat pump (GSHP) adds
around 2-5% to the capital cost the higher costs being for a system
with a relatively expensive ground array.

Direct electric heating and hot water systems are c.2% less expensive
than gas boiler option.

Would not pass all 3
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Low-rise apartment (~ £2,500/m? baseline construction cost)

With PV
% 2up1|:iﬁ in cost per s Direct Heat Heat
m? of construction
boiler electric pump pump

less efficient  more efficient

: /O -X i

c
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4 Good 0.0% 2.3% 2.1% 4.7%
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1Y
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iis Ultra-low

2.4% 0.2%
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Table 9.3 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria

With PV
£/m?2 of
. Heat Heat
construction Gas Direct
boiler electric pump pump

less efficient  more efficient

B OCXK
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energy

Table 9.4 - Relative costs (£/m?) of each case compared to the ‘0’ baseline, overlaid

Fabric & ventilation

with compliance with all Part L 2021 criteria
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Mid-rise apartment building | Capital costs

Cost analysis shows that the Good practice standard with gas is
similar in cost to a BAU fabric with a heat pump.

The ultra-low energy fabric is c.1.6% more expensive than the Good
Practice specification largely a result of the costs of the higher
specification walls, floor and windows. The additional cost of the
more energy efficient fabric is a smaller percentage than for the low-
rise flats or terrace houses this is a combination of the relatively lower
additional cost due to a better form factor and the higher overall cost
of this form of development per m2.

The introduction of a heat pump or more efficient heat pump (GSHP)
adds around 1.5-3% to the capital cost the higher costs being for a
system with a relatively expensive ground array. The costs of a
shared ground array are lower for the mid-rise flat scenario than for
the low-rise flats. This reflects the greater economies of scale
achieved in the larger mid-rise archetype.

Direct electric heating and hot water systems are c.2-3% less
expensive than gas boiler option.

Would not pass all 3
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Mid-rise apartment (~ £3,200/m? baseline construction cost)

With PV
% uplift in cost per Heat Heat
m? of construction Gas Direct
boiler electric pump pump

less efficient  more efficient
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e Good 0.0% 2.8% 1.6% 3.2%
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Table 9.5 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria

With PV
£/m?2 of
. Heat Heat
construction Gas Direct
boiler electric pump pump

less efficient  more efficient
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Table 9.6 - Relative costs (£/m?) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria
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High-rise apartment building | Capital costs

Cost analysis shows that the Good practice standard with gas is
similar in cost to a BAU fabric with a heat pump.

The ultra-low energy fabric is less than 1% more expensive than the
Good Practice specification largely a result of the costs of the higher
specification walls, floor and windows. The additional cost of the
more energy efficient fabric is a smaller percentage than for either the
other flats or house archetypes. This is due to a combination of the
relatively lower additional cost due to a better form factor and the
higher overall cost of this form of development per m2.

The introduction of a heat pump or a more efficient heat pump
(GSHP) adds around 1.5-3% to the capital cost the higher costs being
for a system with a relatively expensive ground array. The costs of a
shared ground array are lower for the high-rise flat scenario than for
the low-rise flats. This reflects the greater economies of scale
achieved in the larger high-rise archetype.

Direct electric heating and hot water systems are ¢.2% less expensive
than gas boiler option.

The total additional cost of applying ultra-low fabric standards and a
highly efficient low carbon heating system is estimated at less than

3% of the baseline cost of construction.
Would not pass all 3
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

High-rise apartment (~ £3,400/m? baseline construction cost)

With PV
% uplift in cost per ‘ Heat Heat
m?2 of construction Gas Direct pump pump
boiler electric

less efficient  more efficient
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Table 9.7 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria
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Table 9.8 - Relative costs (£/m?) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria

Return to contents >

N
N
o~



Office building | Capital costs

Cost analysis shows that the Good practice standard with gas is
similar in cost to a BAU fabric with a heat pump.

The ultra-low energy fabric is less than 2% more expensive than the
Good Practice specification largely a result of the costs of the higher
specification walls, windows, ventilation and lighting systems.

The introduction of an air source heat pump adds less than 1% to the
capital cost of the building with a more expensive ground source heat
pump solution (GSHP) increasing costs by 2-4% depending on fabric
standard.

The more energy efficient fabric standards enable reductions in the
size of the building’s heating system meaning that the additional cost
of a specification with both a GSHP and an ultra-low energy
specification is only 0.7% more expensive than a GSHP and BAU
fabric combination.

Would not pass both
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Office building (~ £4,050/m? baseline construction cost)

With PV
%Zuplift in cost per Gas Heat Heat
m? of construction biler VRF pump pump
less efficient  more efficient
-% -0.2% 3.0%
9
5
€
g Glered 0.0% 1.6% 0.4% 2.7%
& practice
L
o
s Ultra-low
1.8% 0.6% 2.0%
energy

Table 9.19- Relative costs (%) of each case compared to the ‘0 baseline, overlaid
with compliance with all Part L 2021 criteria

With PV
£/m? of Gas Heat Heat
construction
boiler VRF pump pump
less efficient  more efficient
- -f9 £120
C
.2
5
g Good
> . £0 -f64 £15 £110
& practice
L
o
s Ultra-low
74 £23 £82
energy

Table 9.10 - Relative costs (£/m?) of each case compared to the ‘0’ baseline,
overlaid with compliance with all Part L 2021 criteria
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Primary school | Capital costs

Qonoggp,
gu 10

0Of
&

The additional costs associated with the most energy efficient
specification and better heat pump are less than 4% higher than the
Part L compliant solution of a BAU specification with heat pump.

For the more energy efficient specifications, the low level of space
heating demand means that the costs of adopting low carbon heating
is relatively low, with an air source heat pump adding virtually no
additional cost in comparison to a gas boiler.

The additional costs of the more energy efficient standards are driven
by enhanced ventilation, lighting, windows and insulation
specifications.

Would not pass both
X building regulations

Part L 2021 metrics

9.0 Cost modelling

Primary school (~ £3,400/m? baseline construction cost)

With PV

% uplift in cost per

m?2 of construction Gas Direct
boiler electric

-1.1%
Geed 0.6% 1.0%
practice
Ultra-low 1.4%
energy

Heat Heat
pump pump

less efficient  more efficient

0.0%

1.1%

2.9%

Table 9.11 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid

with compliance with all Part L 2021 criteria

With PV
f/m?2 of H
. eat Heat
construction Gas Direct
boiler electric pump pump

-£37
Good £22 £35
practice
Ultra-low €47
energy

less efficient  more efficient

0

£39

£95

Table 9.12 - Relative costs (£/m?) of each case compared to the ‘0’ baseline,

overlaid with compliance with all Part L 2021 criteria
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Industrial building | Capital costs

The additional costs of the electrically heated solutions modelled are

dominated by the need for additional radiant panels to provide space

heating to the warehouse space. This is because of the lower flow
temperatures achieved by these systems and the resulting need for
more panels.

More energy efficient warehouse specifications reduce the need for
more radiant panels for the electrically heated solutions, so the
additional cost of these options is lower than for the less efficient
options.

The lowest cost Part L compliant solution is the ultra-low energy
standard with a gas boiler. In cost terms the saving from a reduced
need for radiant panels offsets the additional costs of the higher
fabric standard.

Would not pass both
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Industrial building (~ £1,300/m? baseline construction cost)

With PV
%Zupilrift in cost per Gas Four pipe Heat
m? of construction
boiler VRF chiller pump
more efficient
3.8%
=
.0
5
;C-; Good
> . -2€% 3.8% 4.7% 5.8%
& practice
Q
I
& Ultra-low
0.0% 5.5% 6.2% 7.3%
energy

Table 9.13 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria

With PV
f/me of Gas Four pipe Heat
construction
boiler VRF chiller pump
more efficient
£50
c
.0
5
IS
2 e ) £49 £61 £76
& practice
0
o
i Ultra-low
£0 £71 £81 £95
energy

overlaid with compliance with all Part L 2021 criteria
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Hotel | Capital costs

In comparison to the building regulations compliant option (Good
practice with Gas boiler) the cost of lower carbon solutions range
from a small cost saving for the least energy efficient option to a cost
increase of around 2.3% for the most energy efficient option with a
Better heat pump.

The additional cost of an air source heat pump is negligible in
comparison to the gas boiler alternative.

Would not pass both
>< building regulations

Part L 2021 metrics

9.0 Cost modelling

Hotel (~ £4,250/m?2 baseline construction cost)

With PV
% uplift in cost per Heat Heat Heat
m? of construction Gas
boiler pump pump pump
(220) (400/300) (450/300)

1
@
[9)

-0.3% 0.8%
c
.0
i
E Good
> . 0.0% -D&% 0.5% 1.6%
& practice
80
S
L
Ultra-low energy 1.4% -B&% 1.9%

Table 9.15 — Relative costs (%) of each case compared to the ‘0’ baseline, overlaid
with compliance with all Part L 2021 criteria

With PV
£/m? of Gas Heat Heat Heat
construction borlor pump pump pump
(220) (400/300) (450/300)
=
.2
5
E Good
> . £0 - £23 £67
& practice
2
5
2 Ultra-low
£59 £80
energy

Table 9.16 - Relative costs (£/m?) of each case compared to the ‘0’ baseline,
overlaid with compliance with all Part L 2021 criteria
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Summary costs per m? of construction | Domestic

The tables below show the summary results for the domestic archetypes in comparison to the ‘zero additional cost’ Part L 2021 compliant option.

Terrace house (~ £2,020/m? baseline construction cost) Mid-rise apartment (~ £3,200/m? baseline construction cost)
With PV With PV
% uplift in cost per _ Heat Heat % uplift in cost per ‘ Heat Heat
m? of construction Gas Direct pump pump m? of construction Gas Direct pump pump
boiler electric boiler electric
less efficient  more efficient less efficient  more efficient
= =
.0 .0
= =}
= €
g ez 0.0% 2.0% 1.4% 2.3% g e 0.0% 2.8% 1.6% 3.2%
e practice < practice
Q L
a o
& Ultra-low i Ultra-low
3.0% 1.0% 1.6% -1.3%
energy energy
Low-rise apartment (~ £2,500/m? baseline construction cost) High-rise apartment (~ £3,400/m? baseline construction cost)
With PV With PV
% 2up}lch‘t in cost per s Direct Heat Heat % 2upilrift in cost per s Direct Heat Heat
mZ of construction m? of construction
boiler electric pump pump boiler electric pump pump
less efficient  more efficient less efficient  more efficient
‘ /o . X X - : - X 1 )
C C
e .0
= =)
ki k!
£ €
e G 0.0% 2.3% 2.1% 4.7% g G 0.0% -1.9% 1.1% 2.1%
e practice & practice
L2 L
a o
& Ultra-low & Ultra-low
2.4% 0.2% 0.8% -1.2% 1.9%
energy energy

Table 9.17 — Summary of all domestic relative costs (£/m?) compared to the ‘0’ baseline, overlaid with compliance with all Part L 2021 criteria

9.0 Cost modelling
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Summary costs per m? of construction | Non-domestic

The tables below show the summary results for the non-domestic archetypes in comparison to the ‘zero additional cost’ Part L 2021 compliant option.

Office building (~ £4,050/m? baseline construction cost) Industrial building (~ £1,300/m? baseline construction cost)
With PV With PV
% uplift in cost per Heat Heat % uplift in cost per Heat
mZ of construction Gas m? of construction Gas Four pipe
boiler VRF pump pump boiler VRF chiller pump

less efficient  more efficient

- : /o _0.2%

Good Good ¢

R 0.0% -1.6% 0.4% 2.7% . - b 3.8% 4.7%
practice practice
Lo 1.8% 0.6% 2.0% il 0.0% 5.5% 6.2%
energy energy
Primary school (~ £3,400/m? baseline construction cost) Hotel (~ £4,250/m?2 baseline construction cost)
With PV With PV
%:p\l(ift in ct:os;tper s Direct Heat Heat %Zup}ift in cost per s Heat Heat
m? of construction m? of construction
boiler electric pump purﬁp boiler pump pump
less efficient  more efficient (220) (400/300)
Good o 5 o Good o o
practice 0.6% -1.0% 1.1% practice 0.0% - o 0.5%
Ultra-low 14%  2.9% Ultra-low 14% & | 19%
energy energy

Table 9.18 — Summary of all non-domestic relative costs (£/m?) compared to the ‘0’ baseline, overlaid with compliance with all Part L 2021 criteria

9.0 Cost modelling

more efficient

5.8%

7.3%

Heat

pump
(450/300)

0.8%

1.6%
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Summary | Capital costs by policy option

The base compliant option for each specification is based on the cost

. . . . gy Compliant opti Uplift £m2 Uplift %,
of the most typical modelled scenario compliant with Building B emprant optens AL s PLE TR
) ] o Archetype  compliant
Regulations Part L2021. This base option is set at zero cost and all option - el Faliey soliey Felliey el
other options are shown net of this cost. For most archetypes, the option 1 option 2 option 1 option 2 option 1 option 2
zero-cost base option is combination A2, for the School combination
. . L Terrace A2 thc C3, D3 tbc £88 - £107 tbc 4% - 5%
C1 is lower cost than A2 whereas for the Industrial building
combination A3 is the lowest cost compliant option. 83 D1 2
Low rise A2 D2' C3, D3' C3,D3 £-57 - £178  £112-£178 -2%-7% 4% - 7%
In general, there are more compliant options for Policy option 1 than Y
Policy option 2, however for the industrial building option 2 has more C3. D1 D2
. . . . Mid rise A2 N GC A DX £29 - £118 £81-£118 1% - 5% 3%-5%
compliant solutions thanks option 1. Reflecting on the reduced b3
number of compliant options, the cost range for policy option 2 is
wider than that for policy option 1. High rise A2 tbe B3,C3,D3  tbc £-40 - £101 thc -1%- 3%
At the lower end of the scale the uplift cost for Policy option 2 ranges A3,B3,Cl, s o2y
' ' ' o/ _ A9 oL _ 49
from 1% to 4% of construction costs whereas for Policy option 1 the School c1 gg gg Dl c3pg,p3 £0-£121 £39 - £121 1%- 4% 1%- 4%
range is -2% to 1%. The higher percentage costs for Policy option 2
tend to be ||nked to the additional costs Wlth meeting the minimum Hotel A2 323: B3, D2, B3, C3, D3 £-54 - £99 £13 - £99 -1%- 3% 1% - 3%
space heating demand standards, particularly for residential
developments. B2 B3 C2
Office A2 D2’, C3’, D3’ B3, C3,D3 £-64 - £150  £23 - £150 -2%- 4% 1% - 4%
Note: capital cost commentary on heat networks
Indlustrial Az B3GDNBZB3CO g pos a9 g9s 5%-7%  4%-7%

Cost benchmarks have not been created for heat network scenarios. This is because of D2, D3 C3,D2,D3
the very wide range of variables that can affect costs as both the network and building

level. Table 9.19 — Summary of cost uplift associated with cases compliant with policy options 1 and 2

Variables include whether the network is existing or new, the heat density in the area,

the distance from the generation source, whether additional capacity is required to

enable a connection, ground conditions, etc. Further the business model applied can The codes above correspond to the Heating system Fabric and Ventilation
affect the portion of a connection cost recovered via different means. For example, combination of heating system and _
. . . s fabri 0 ficati A. Gas boiler 1. Business as usual*

that between capital connection cost (and whether this extends to the HIU within a abric and ventilation specifications
building or just to a plate heat exchanger) the unit rate for heat supply and the used throughout the report. . .

| gi Jh P ger) PRy d P B. Direct electric 2. Good practice
availability charge. They differ for each typology but an
Typically, connection to a heat network will enable some avoided costs and space take example is provided for the domestic C. Less efficient heat pump 3. Ultra-low energy
at the building level, however there will still be a need for heat circulation buildings on the right.
infrastructure, pumps and controls and for heat exchangers meaning, therefore the D. More efficient heat pump

level of cost saving relative to a ‘standard’ gas boiler-based connection could be quite
modest.

9.0 Cost modelling
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9.0 Cost modelling

9.2

Domestic energy costs

Return to contents >

N
w
~



Energy cost analysis

Projections based on latest (Jan 2023) projections from BEIS
Projections for year one cost (assumed to be 2025)

Projections show central scenario with a sensitivity analysis for the
highest combined cost scenario

Gas scenarios include an additional standing charge of £102 pa
No assessment of PV generation (same for all options) and levels

of self consumption / export (different for all options)

More energy efficient options will be better able to utilise time of
use tariffs / demand response when the market for such products
is re-established.

9.0 Cost modelling

Pence per kiwh

Retail electricity price projections - domestic
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Figure 9.2 — Retail electricity price projections (Domestic)

Pence per kWh

Retail gas price projections - domestic
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Figure 9.3 — Retail gas price projections (Domestic)
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Terrace house | Energy costs

I

]
mil

+ Compared to the reference scenario only 2d, 3a, c and d are lower
cost.

+ Scenarios 1d and 2c are also comparable in cost terms

+ Direct electric solutions are significantly more expensive than the
reference specification with 2b being around £850 higher per year.

9.0 Cost modelling

Year 1 (2025) running cost for - Terrace House

£4,500

£4,000

£3,500

£3,000

£2,500
A

H
ra
g2
(=]

4

Running cost £ per home

2c

Terrace House

Option
B Y1 - 2025 cost electricity  mmmm— Y1 - 2025 cost gas

Figure 9.4 — Estimated year 1 energy costs for each case

A
A
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£0
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Low-rise apartment building | Energy costs

+ Compared to the reference scenario only 2d, 3a and d are lower
cost.

+ Direct electric significantly more expensive even with ultrahigh
efficiency levels

* 1d and 3c are broadly similar cost to reference scenario

9.0 Cost modelling

Year 1 (2025) running cost for - Low rise

£4,500
£4,000
A
£3,500 .
£3,000
£
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g | A
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]
]
A i
2 £2,000 'y E =
=
o
=
o
£1,500
£1,000
£500 I I
£0
Low rise
Option

I Y1 - 2025 cost electricity NEEEEEE Y1 - 2025 cost gas

Figure 9.5 — Estimated year 1 energy costs for each case
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Mid-rise apartment building | Energy costs

+ Compared to the reference scenario only 3a and d are lower cost.

+ Direct electric significantly more expensive even with ultrahigh
efficiency levels

* 1d, 2d and 3c are broadly similar cost to reference scenario

9.0 Cost modelling
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Year 1 (2025) running cost for - Mid-rise
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2d
Mid-rise
Option

. Y1 - 2025 cost electricity NN Y1 - 2025 cost gas A

Figure 9.6 — Estimated year 1 energy costs for each case
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High-rise apartment building | Energy costs

]

et e

+ Compared to the reference scenario only 2d, 3a and d are lower
cost.

+ Direct electric significantly more expensive even with ultrahigh
efficiency levels

* 1d, 2d and 3c are broadly similar cost to reference scenario

9.0 Cost modelling

Year 1 (2025) running cost for - High rise
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I Y1 - 2025 cost electricity EEEEEEE Y1 - 2025 cost gas

Figure 9.7 — Estimated year 1 energy costs for each case
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Impact on other household costs

No material variation in non-energy household costs are anticipated
from the options considered in this study

* Most of the cost variation associated with the different options is
linked to either passive measures (eg insulation, window
specification, etc) or to the heating system, which lead to lower
energy costs.

* Replacement of a heat pump is likely to be slightly more expensive
than replacing a gas boiler. However, it is high likely that the first
replacement of a gas boiler installed after 2023 (i.e. in 2038 or
beyond) will be with a heat pump. In this scenario replacement of
a gas boiler with a heat pump will be more expensive thana like for
like heat pump replacement.

* Maintenance of heat pumps is unlikely to materially more
expensive than gas boilers in the medium term. Heat pumps do
not pose the same gas safety risks as boilers and so maintenance
checks are likely to be lighter touch in many instances. The
ground source heat pump options are likely to have lower
maintenance costs than a boiler equivalent given to the sealed
nature of these systems.

* Those options with direct electric heating will have lower
maintenance and replacement costs than gas based systems.

9.0 Cost modelling
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10.0

Offsetting



The issues with carbon offsetting identified in 2019 remain

Policy option 1 still gives a significant role to offsetting 180

As it has been described previously in the report, a 35% on-site
improvement over Part L 2021 may be relatively easy to comply with
for some buildings. In those cases, if it is cheaper to offset than to

-
N
o

seek further carbon reductions on site, applicants will generally find it

-
o
o

tempting to limit their commitments in terms of on-site performance
to the 35% minimum, and offset the residual regulated emissions

(representing the majority of them). This is an issue as carbon
emissions during the lifetime of this building and its equipment will be

P

o
—
—

Regulated CO, emissions (tonnes/annum)
(=2} @
o o

higher than they should be, and there may be other implications too

n
=]
| —

(e.g. energy bills for residents higher than what they could have

o
|

]

been).

be lean be clean be green Further on-site
savings and/or
L. off-set payment
Unregulated emissions are not even offset
= domestic carbon emissions carbon savings

Apart from the London borough of Islington, current planning policy
still focuses on regulated carbon emissions only and requires only the

residual regulated emissions to be offset. This means that
Figure 10.1 - Regulated carbon emissions for a policy compliant energy strategy for the high

unregulated emissions are not offset. ,
rise typology

The challenge of delivering carbon savings elsewhere for bOFOUghS It illustrates that carbon offset payments play too large a role in current ‘net zero’ planning
policy. In the above chart supposedly 50% of the reduction in regulated carbon emissions

Applicants pay into the Local Authority’s offset fund, effectively

o o . associated with the development will come from the offset payment. This ability to offset, and
shifting the responsibility of carbon savings away from the

the relatively low cost of doing so, does not incentivise sufficient carbon reductions on site,
applicant/the building to the Council/off-site. Saving carbon and it ignores unregulated emissions.

elsewhere has its own challenges, and it is virtually impossible to save

1 tonne of carbon at the current GLA carbon price (£60-95). And if

carbon is not saved at the rate assumed by the carbon offset

payment, can we really refer to the new buildings which used this

mechanism as 'Zero Carbon’?

This goes against the recommendations of the Climate Change
Committee

The Climate Change Committee is clear that carbon offsetting should
be reserved to the hard-to-treat sectors, and not new buildings.

10.0 Offsetting
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Offsetting and Policy option 1 | How carbon offsetting would work

Addressing the current issues with carbon offsetting

The status quo with the current carbon offsetting system is not an
option. If Policy option 1 is selected, it should seek to address the
issues summarised on the previous page:

1. Reducing carbon emissions on site should be the priority,
minimising the role of offsetting. A set of ambitious (but
deliverable) on-site % regulated carbon reduction targets over
Part L 2021 should be set for each typology.

2. Carbon offsetting should not only cover regulated emissions:
unregulated emissions should be covered too.

3. Carbon offsetting should not be the cheapest option: its price
should be at least as high as the cost of installing PVs on the
building. That would encourage applicants to do this instead of
doing less and pay into the offset fund.

4. The carbon offset price should be set at a level which enables
each London borough to save carbon elsewhere on a 1:1 basis,
administer the carbon offset fund, and ensure that all other good
practice principles on carbon offsetting are complied with (e.g.
additionality).

High level comparison between flat rate vs tiered rates

The Towards Net Zero Carbon study in 2019 recommended a tiered
approach with a high carbon price (i.e. £1,000 tCO,) when applicants

would fail to achieve the levels of on-site performance recommended.

This approach may still be used but as the carbon offset price is
increasing anyway, it may not be necessary or would have to be
increased too. It also recommended, for domestic buildings only, a
cheaper carbon offset price to reward applicants achieving a level of
on-site performance much greater than the minimum. This is no
longer considered necessary.

In conclusion, a flat rate is now recommended. Its price should ideally
be £880/tCO, over 30 years (see following page for more details).

10.0 Offsetting

Set the minimum on-site Part L improvement at the right level to
minimise residual (regulated) carbon emissions

Minimum levels for each typology could be considered*. For example:

*  65% better than Part L 2021 for domestic buildings
*  25% better than Part L 2021 for offices

o 35% better than Part L 2021 for schools

*  45% better than Part L 2021 for industrial buildings
*  10% better than Part L 2021 for hotels

Include unregulated carbon in the zero carbon definition to encourage
reductions

In the absence of a quantified target on unregulated carbon, the
carbon offset mechanism could be used to incentivise its reduction.

Unregulated
carbon (tCO,)

Regulated
carbon (tCO,) Current
carbon offset

Recommended
carbon offset

PartL  Application PartL  Application
2021 2021

Figure 10.2 - Carbon offsetting should not only cover all regulated CO, emissions

Set the carbon offset price at a level sufficient to incentivise greater
carbon savings on site rather than offsetting

The following page suggests that this level at £330-880/tCO, for 30
years to make sure it is less economical than to install additional PVs

Set the carbon offset price at a level sufficient to be able to save the
same amount of carbon elsewhere

Return to contents >

The following page suggests that this level is either at £330-880/tCO,
for 30 years for PVs or £480/tCO, for 30 years for retrofit.

*Councils may also wish to consider an approach that uses a mid-point percentage uplift for all
non-residential typologies.
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Offsetting and Policy option 1 | Recommendations for the carbon offset price

The non-traded cost of carbon

This approach underpins the figure of £95/tCO, currently
recommended by the GLA. The Zero Carbon Hub used this approach
and assumed a ‘central scenario’ in 2012 and it was also used by the
GLA/AECOM when they considered carbon offsetting and allowable
solutions. The GLA have opted for the 'high scenario’ in 2017.

Our recommendation is to stop using the non-traded cost of carbon
and to focus instead of a carbon offset price representing what it
would cost to the applicant to save more carbon on-site and/or what
it would cost a London Borough to fund an equivalent carbon saving
elsewhere.

Funding additional PVs on-site

If the applicant is to be incentivised to save more carbon on-site
rather than pay into a carbon offset fund, the cost of additional PVs is
a good proxy. Using a reasonable cost rate for a high output PV
system with micro-inverters (£1,016/kWp*) and applying a 10%
additional rate for administering and managing the PV funding
process would give a carbon offset price of £330-880/tCO,
depending on which carbon factor is used for electricity (respectively
136gCO,/kWh and 50gCO,/kWh).

Funding PVs off-site or social housing/public building retrofit

The cost of retrofit is notoriously variable and its ‘low carbon
component’ difficult to isolate. Based on an indicative cost of
£20,000/retrofit, and an indicative carbon saving of £2tCO,/yr, the
carbon offsetting cost should be £370/tCO,/yr, including a 10%
additional rate for administration and management.

If the offset contribution is used to fund PV systems in the borough, a
carbon offset price of of £330-880/tCO, is recommended.

It should be noted that it is up to boroughs to decide what most
appropriate offset mechanism is though. They can develop separate
SPDs to determine locally appropriate use of offset funds.

2012 assessment 2017 assessment
(Zero Carbon Hub) (GLA/AECOM)

£60 £95

_
/t CO, /t CO,
‘central’ ‘high’

scenario scenario

Figure 10.3 - Carbon offset price using the the non-traded cost of carbon approach. The
GLA recommended price dates back from 2017 and is considered insufficient to save
carbon on a 1:1 basis

£330-880
/t CO,

Figure 10.4 - If the carbon offset price is to incentive more PVs on-site, it should be
set at more than £330/tCO, assuming the same electricity carbon factor as SAP 10.2
of 136 gCO,/kWh (Part L 2021).

However, should a London borough wish to use an electricity carbon factor
representative of the average electricity carbon content over the lifetime of the PV
system (e.g. 50gCO,/kWh), this number would increase to £880/tCO,.

Both carbon offset prices include a 10% administration and management fee.

* Median cost of 10-50kWp PV installations for 2021/22 from MCS (Source: DESNZ)



Offsetting and Policy option 2 | How energy offsetting could work

Moving towards energy offsetting

Policy option 2 is based on energy metrics, most importantly the
buildings’ predicted energy use (Energy Use Intensity - EUI) but also
the balance between annual energy use and annual renewable energy
generation on-site.

In order for the role of energy offsetting to be clearly defined, we
would recommend the following:

1. Option A - Policy option 2 should seek to minimise the building’
predicted energy and maximise PV generation on site.

2. Option A - Once officers are satisfied that the building complies
with these policy requirements, energy offsetting could be used
to deal with the residual difference between energy use and
renewable energy generation.

Case study: if we take the example of a residential development of
5,000m? GIA with an Energy Use Intensity of 27 kWh/m?g,,/yr and a
PV generation of 15 kWh/m?,,/yr. There is a shortfall between annual
energy use and renewable energy generation of 12 kWh/m?,/yr,
which equates to 60,000 kWh/yr. The applicant should pay into the
Council’s offset fund a sum of £79,200 (i.e £1.32/kWh x 60,000 kWh)
to enable the Council to install a renewable energy system elsewhere
which would generate 60,000 kWh/yr.

Another option is possible (Option B) in case the London borough
decides to set a specific renewable energy generation target. In this
case, the energy offset will not seek to address the gap between the
predicted EUl and renewable energy generation on-site, but the gap
between the policy requirement for PV generation (e.g. 100
kWh/mzfootprim) and renewable energy generation on-site. The targets
provided on this page are only indicative. If a London borough wishes
to proceed with Option B, it is recommended to undertake a
technical evidence base to establish which targets would be
technically feasible based on a variety of typologies and buildings.

10.0 Offsetting

Set the EUIl requirement at the
right level to minimise energy
use and require PVs to match
the EUI

These levels could be specific
to each typology, e.g:

* 35 kWh/m?g, for domestic

« 70 kWh/m?g, for offices

* 70 kWh/m?g, for schools

+ 35 kWh/m?g, for industrial
buildings

* 160 kWh/m?g, for hotels

Work out the difference
between the energy used by the
development and how much
renewable energy it will
generate

Any shortfall of renewable
energy generation will lead to
an energy offset payment

EUl policy target

Recommended

energy offset
Energy

(kWh)

Energy Renewable
use energy
generation

Set a renewable energy
generation requirement at the
right level to maximise
renewable energy generation

These levels could be specific
to each typology, e.g:

* 100 kWh/mZ(, for domestic

* 50 kWh/m? for offices

* 80 kWh/m?g, for schools

* 150 kWh/mZ(, for industrial
buildings

* 50 kWh/m? for hotels

Work out the difference
between the target and the
actual renewable energy
generation

Any shortfall of renewable
energy generation will lead to
an energy offset payment

Renewable policy

target Recommended
energy offset

Renewable
energy
generation

Figure 10.5 - Two alternative options for the energy offset
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Offsetting and Policy option 2 | Recommendations for the energy offset price

A fair energy offset price for applicants

As the source of the energy offset is the gap between energy use and
renewable energy generation (or the gap between the required and
actual renewable energy generation on site), its price should be set
on the basis of the cost of PVs.

Using a reasonable cost rate for a high output PV system with micro-
inverters (i.e. £1,016/kWp*) and applying a 10% additional rate for

administering and managing the PV funding process, would give an
energy offset price of £1.32/kWh/yr**.

Funding PVs, retrofit and other climate mitigation projects

It is up to boroughs to decide what most appropriate offset
mechanism is. They can develop separate SPDs to determine locally
appropriate use of offset funds.

* Median cost of 10-50kWp PV installations for 2021/22 from MCS (Source: DESNZ)

** This is assuming a conservative electricity generation rate for the PV system of 850
kWh/kWp.

10.0 Offsetting

Figure 10.6 - If the energy offset price is to incentive more PVs on-site, it should be
set at more than £1.32/kWh.
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Assessing the impact of offsetting on costs

Although the main objective of policy options 1 and 2 is to maximise

performance on-site, offsetting may still be required. The move away

from fossil fuels and the decarbonisation of the grid are generally

reducing offset costs for developers, but any future increase in scope

for offsetting or carbon offset price may counter-balance this effect.

Assessing its impact on capital costs depends on a number of

parameters:

1.

Which policy option will be used?

With policy option 1, carbon emissions assessed with Part L
energy modelling will need to be offset. With policy option 2 it is
the shortfall of renewable energy generation which needs to be
‘offset’.

Which targets will be used?

The report provides some indicative targets for each policy
option but London boroughs may decide to use different ones.

What will be offset?

For policy option 1, London boroughs should decide whether to
follow this report’s recommendation and offset unregulated
emissions as well, or just regulated emissions.

For policy option 2, London boroughs should decide whether to
offset the shortfall between the EUI and the on-site renewable
energy generation (option A) or to offset the shortfall between
the target and the actual renewable energy generation on-site
(option B). They may also decide not to use offsetting.

Which price will be used?

Finally, London boroughs should confirm which carbon offset
price they will want to use.

10.0 Offsetting

Step 1 - Decide which policy will be used

Step 2 — Confirm which targets will be set in policy

Step 3 — Confirm extent of offsetting required

Step 4 - Validate offsetting price

Step 5 — Test the impact of offsetting on capital costs

Figure 10.7 - The above process is recommended to estimate the additional cost of
offsetting.
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Policy recommendations:
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key considerations for implementation



11.0 Policy recommendations: indicative targets, policy wording and key considerations for implementation

This section provides recommendations on how
indicative policies could be written and which
targets they could refer to. It also highlights
considerations for implementation.

Although the consultant team recommends Policy
option 2, these are provided for both policy
options.

It is very important to note that this study is an
evidence base, not a policy document. Its purpose
is to inform and support Local Authorities in
developing future planning policy targets that will
deliver Net Zero Carbon development, through
providing robust and up-to-date evidence
regarding carbon emission reductions and energy
efficiency in buildings.

Although indicative minimum targets and policy
wording are provided, Local Authorities may
decide to set higher targets appropriate to their
borough.

11.0 Policy recommendations:

11.1

Policy option 1
recommendations
Indicative targets
and policy
wording

11.2

Policy option 2
recommendations
Indicative targets
and policy
wording

1.3

Key
considerations for
implementation
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11.0 Policy recommen

11.1

Policy option 1 recommendations:
indicative targets and policy wording

dations:
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Policy option 1 | Summary of indicative targets and wording

Carrying on with the current framework

Some London boroughs may want to carry on using the Part L
framework to go beyond the requirements of Part L 2021 and drive
the design and construction of better buildings in their boroughs. This
system has the advantage of being broadly consistent with the
current approach in the GLA energy assessment guidance (2022) but
it also has a number of weaknesses evidenced in this report (e.g. the
single metric approach does not incentivise energy efficiency or
renewable energy generation significantly, Part L energy modelling is
not a prediction of energy use, etc.).

Different targets for domestic and non-domestic

Part L 2021 works very differently between domestic and non-
domestic buildings, driven mainly by the different Part L energy
modelling calculation methodologies: SAP for domestic buildings and
NCM/SBEM for non-domestic buildings. Based on this analysis we
would recommend requiring different levels of on-site carbon
performance for domestic and non-domestic buildings.

Policy targets for non-domestic buildings

National and regional planning policy has previously set one
emissions reduction target for all non-domestic buildings, due to a
lack of evidence available to justify setting specific targets for
different building types. This study sets out detailed evidence for a
range of non-domestic buildings and, based on this new evidence,
recommends distinct policy targets for each building type thereby
maximising potential carbon savings.

Councils may also wish to consider an approach that uses a mid-point
percentage uplift for all non-residential typologies

No more ‘be lean’ requirement

The ‘be lean’ requirement is challenging to achieve for non-domestic
buildings and and, for domestic buildings, has little added value
compared with the FEE requirement in Part L 2021.

Indicative policy wording for Policy option 1

Overarching policy

All developments must achieve Net Zero Carbon according to the Building
Regulations framework, i.e. a 100% improvement over Part L 2021 and offset
their residual emissions.

On-site carbon reduction

All developments must reduce carbon emissions on-site as much as possible.
In terms of regulated emissions, the minimum level of on-site performance
required is:

» Domestic buildings: 65% better than Part L 2021

» Office buildings: 25% better than Part L 2021

* School buildings: 35% better than Part L 2021

* Industrial buildings: 45% better than Part L 2021

* Hotel: 10% better than Part L 2021

»  Other non-domestic buildings: 35% better than Part L 2021 (tbc)

Buildings must also comply with the other requirements of the Building
Regulations Part L 2021, e.g. Fabric Energy Efficiency criterion for domestic
buildings and Primary Energy criterion for all buildings and demonstrate
compliance at planning stage.

Applicants must undertake Part L 2021 modelling to demonstrate compliance.

Unregulated emissions must also be reduced as much as possible.

Carbon offsetting

On-site carbon reductions should be maximised as far as possible before any
remaining emissions are offset. If the Council is satisfied that the development
has maximised on-site reductions but the development is still short of achieving
Net Zero Carbon, the developer is expected to make a cash-in-lieu contribution
to the Council's carbon offsetting fund at a price of £880/tCO, per year over a
period of 30 years.



Policy option 1 | Domestic buildings | Summary of which cases would comply

What would be the effect of Policy option 1 with these targets?

Gas boiler Direct electric Heat Pump Heat Pump
This diagram indicates which domestic building cases scenarios less efficient more efficient

would be able to comply with the indicative wording proposed for
Policy option 1 with an on-site minimum compliance threshold of 65%
better than Part L 2021.

Business as
usual
|
—1 11
L\\\‘/LJ,,HJ
Terrace house Mid-rise
apartment building
Good
Practice
s High-rise
— apartment building
Ultra |°W
energy

Figure 11.1 - Diagram indicating which domestic building cases would be able to comply with the indicative
wording proposed for Policy option 1

Non-compliant

Would not pass all 3 building
regulations Part L 2021 metrics

Case compliant with proposed Policy option 1

11.0 Policy recommendations:
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Policy option 1 | Non-domestic buildings | Summary of which cases would comply

What would be the effect of Policy option 1 with these targets? i '
yop 9 Heating system A Heating system B Iﬂeatw}? §ys;ci|m (t: Ueatmg Sy Stte:] Dt
The adjacent diagram shows which non-domestic building cases Gas boiler Direct Elec or Other ess eficient fea ore efhaent Hea
Pump or Other Pump

would comply with Policy option 1 if the on-site compliance threshold

was set at:

+ Office buildings: 25% better than Part L 2021
Business as

* Industrial buildings: 45% better than Part L 2021
* Hotel: 10% better than Part L 2021

Councils may also wish to consider an approach that uses a mid-point

+ School buildings: 35% better than Part L 2021 usual ><

percentage uplift for all non-residential typologies.

Good
Practice

Ultra low
energy

e N
oo 1 Sty o g 18
8 ggjgd 8 g

o S
b B
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[ =
4’

Figure 11.2 - Diagram indicating which non-domestic building cases would be able to comply with the
indicative wording proposed for Policy option 1

School Hotel

;8 | Case compliant with proposed Policy option 1

Would not pass both building
regulations Part L 2021 metrics

Non-compliant

11.0 Policy recommendations:
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11.0 Policy recommen

11.2

Policy option 2 recommendations:
indicative targets and policy wording

dations:
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Policy option 2 | Summary of indicative targets and policy wording

Using a different policy framework

This section details indicative policy recommendations for London
boroughs interested in considering Policy option 2.

A suite of policies are proposed that address a range of
considerations.

The following aspects have been considered in detail in this report.

* Space heating demand policy
* Energy Use Intensity (EUI) policy
+ Offsetting (as last resort) policy

The following policies have not been considered in detail, but an
example of wording is provided.

* Low carbon heat policy
* On-site renewable energy generation policy

* Assured energy performance policy

Finally, embodied carbon policies are strongly recommended but
were outside the scope of this study.

11.0 Policy recommendations:

Indicative policy wording for Policy Option 2

Overarching policy

All new buildings should be designed and built to be Net Zero Carbon in
operation. They should be ultra-low energy buildings, use low carbon heat,
contribute to the generation of renewable energy on-site and be constructed
with low levels of embodied carbon.

This is an overarching policy. Compliance with it relies on compliance with the
following policies.

* Space heating demand policy

* Low carbon heat policy

» Energy Use Intensity (EUI) policy

+  On-site renewable energy generation policy
+ Assured energy performance policy

+  Offsetting (as last resort) policy

* Embodied carbon policies (see separate document)

Buildings must also comply with the other requirements of the Building
Regulations Part L 2021, e.g. Fabric Energy Efficiency criterion for domestic
buildings and Primary Energy criterion for all buildings and demonstrate
compliance at planning stage.
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Policy option 2 | Summary of indicative targets and policy wording | Space heating demand (SHD)

Space heating demand poli [ \
P 9 policy Factors influencing space heating demand
The space heating demand is the amount of heat energy needed to
heat a building over a year and is expressed in kWh/m?/yr. It is a /;3\;
measure of the thermal efficiency of the building elements. L ~)/
Various design and specification decisions affect space heating R = Fa )]
demand including building form and orientation, insulation, air- ﬂ””””“ Form/ Air-tightness  Insulation
tightness, windows and doors and the type of ventilation system. Exposure
The Climate Change Committee recommends a space heating )
demand of less than 15-20 kWh/m?2/yr for new homes. This Space heating demand N
recommendation is also in line with the recommendations of the : :
Royal Institute of British Architects (RIBA), the Low Energy Th‘; amo“k:t l‘j heat energy needed -
e . . to heat a buildi
Transformation Initiative (LETI) and the UK Green Building Council. s:u:rae rietL:;) ing over a year (per
e . . Wind Ventilati t Orientati
As a building with a low space heating demand would lose heat very ndows - en |(T\A|\<;:;;/s em Lrientation
slowly, it will also make it easier for the wider energy system to deliver \ j
energy in a flexible way, helping to maximise the contribution from
renewable energy and reduce energy cost benefits for the residents. Figure 11.3 - The space heating demand metric
The Climate Change Committee has
UK housing: Fit for the future? published a report in 2019 named ‘UK
Indicative policy wording for Policy Option 2 housing - fit for the future?’. The report
e sion Gl Change highlights the need to build new buildings
Space heating demand policy with ‘ultra-low’ levels of energy use.

It makes a specific reference to space
heating demand and recommends a
maximum of 15-20 kWh/m?/yr for new
dwellings.

+ All dwellings should achieve a space heating demand of less than 15
kWh/m?2;,,/yr.

* All non-domestic buildings should achieve a space heating demand

of less than 15 kWh/m?g 4/yr.
For reference, Passivhaus requires 15

kWh/m?/yr, and most new domestic
buildings have a heating demand of 40-120
kWh/m?/yr.

Applicants must undertake predictive energy modelling to demonstrate
compliance.

Figure 11.4 — UK housing: Fit for the future?
(CCC, 2019)

11.0 Policy recommendations:
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Policy option 2 | Summary of indicative targets and policy wording | Energy Use Intensity (EUI)

Energy Use Intensity (EUI) policy

In order for new buildings to be compliant with our climate change
targets, they need to use a total amount of energy which is small
enough so that it can be generated entirely, on an annual basis, with
renewable energy and nuclear energy. Reducing total energy use is
also beneficial as it would directly reduces energy costs for residents
and building users.

Energy Use Intensity (EUI) is the total energy needed to run a home
over a year (per square metre). It is a measure of the total energy
consumption of the building (kWh/m?/yr). The EUI of a building
covers all energy uses: space heating, domestic hot water, ventilation,
lighting, cooking and appliances.

This metric is also very beneficial as it can be measured post-
construction, therefore helping to drive down the performance gap
which is such a significant issue in the construction industry.

Indicative policy wording for Policy Option 2

Energy Use Intensity (EUI) policy

Domestic buildings - All dwellings should achieve an Energy Use Intensity
(EUI) of no more than 35 kWh/m?GIA/yr.

Non-domestic buildings - Non-domestic buildings should achieve an
Energy Use Intensity (EUI) of no more than the following (where
technically feasible) by building type or nearest equivalent:

Student/keyworker accommodation, care homes — 35 kWh/m? g ,/yr

»  Warehouses and light industrial units — 35 kWh/m?g,,/yr

*  Schools — 65 kWh/m?g,,/yr

« Offices, Retail, HE Teaching facilities, GP surgeries — 70 kWh/m?g,,/yr
* Hotels — 160 kWh/m?¢ a/yr

Applicants must undertake predictive energy modelling to demonstrate
compliance.

11.0 Policy recommendations:

( )

Factors contributing to total energy use

k| B
4 ntilation eatin ightin

Qilli ¢® fgg] T

Energy Use Intensity (EUI) CEI

The amount of total energy ) gQ

Hot water Cooking Appliances

needed to run a building
over a year (per square
metre)

\. J

Figure 11.5 — The Energy Use Intensity (EUI) metric

Current Part
L Average

140
EUI (kWh/mZ.year)

Current Best
Practice

43

Current
Exemplar

'‘Bottom up'
Modelling

Top Down Budget
(2030)

Top Down Budget
(2050)

LETI Proposed
Target

Figure 11.6 - LETI domestic top-down analysis taken from LETI Climate Emergency Design Guide

LETI has undertaken some top-down and bottom-up analysis establishing which levels of total
energy use (or Energy Use Intensity — EUI) would be both achievable and compatible with the level
of renewable energy generation likely to be available in the UK by 2050.
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Policy option 2 | Summary of indicative targets and policy wording

Offsetting (as last resort) policy

The Climate Change Committee is clear: offsetting must have a very
limited and defined role if we are to achieve Net Zero by 2050. Its
role in the Local Plan as part of the Net zero carbon new buildings
suite of policies should therefore be limited to a mechanism which
enables buildings which cannot technically achieve Net Zero Carbon
on site to be ‘deemed compliant’ with planning policy.

Our recommendation is to limit the role and scope of the offset
mechanism to a ‘renewable energy offset’ with the offset price could
be expressed in £/kWh instead of £/tCO,. This would make it
independent from carbon factor changes.

Indicative policy wording for Policy Option 2

Offsetting (as last resort) policy

Offsetting will only be accepted as a means to achieving planning policy
compliance a last resort if the building is compliant with all other Net
Zero carbon buildings policies and in particular if the following conditions
have been met:

* The proposed building must not use fossil fuels on-site.

+ [t must have a level of space heating demand and energy use
intensity (EUI) compliant with levels set in the Local Plan.

» On-site renewable energy generation (e.g. through PVs) has been
maximised and achieves at least 80 kWh/m?y,iging footprint fOr all
building types (and 120 kWh/m?,ing tootprint fOr industrial buildings).

In these circumstances, the applicant should establish the shortfall in
renewable energy generation to enable the annual renewable energy
generation to match the Energy Use Intensity in kWh. The applicant
should pay into the Council’s offset fund a sum of money equivalent to
this shortfall.

11.0 Policy recommendations:

| Energy offsetting (as last resort)

( )
Reduced Achieve a Space Heating Demand and an Energy Use
operational Intensity (EU) lower than the levels required in the
energy Local Plan (e.g. 15 kWh/m?2g,/yr and 35 kWh/m?Zg /yr
consumption respectively for domestic buildings)
Low carbon No gas connection or fossil fuel use on site (or
energy supply connection to heat networks using fossil fuels)
On-site renewable  Achieve a minimum electricity generation intensity
energy generation  compliant with the requirement in the local plan (e.g.
> 80-1 2OkWh/m2bui\ding footprint/yr)
Net Zero energy Annual balance of zero for the whole development
balance showing predicted energy use and renewable energy o
generation on-site. (offset role)
\ v

Figure 11.7 - List of requirements an application would have to meet before being allowed to use

offsetting as a planning compliance mechanism. It is proposed to restrict the offset mechanism to fund

‘missing’ PVs

Potential offset price

(based on the energy
balance shortfall)

Figure 11.8 - Based on the current average price and performance of a PV system, and with the addition

of a 10% project management fee, an offset price of £1.32/kWh is recommended.
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Policy option 2 | Domestic buildings | Summary of which cases would comply

What would be the effect of Policy option 2 with these targets?

Gas Boiler Direct Electri Heat Pump Heat Pump
The adjacent diagram shows which domestic building cases would asbore rect Electne less efficient more efficient

comply with Policy option 2 if the compliance thresholds were set at:

* Space heating demand < 15 kWh/m?2ga.yr
«  EUI < 35 kWh/mZg,.yr

Business-as-
usual
g
~ g
Terrace house Mid-rise
apartment building Good
Practice
L=y
when 1|
L&
Mid-rise High-rise Ultra low
apartment building apartment building energy

Figure 11.9 - Diagram illustrating which cases in which each domestic typology is able to comply with Policy
Option 2 metrics

Non-compliant with either Meets space heating demand or EUI
space heating demand or EUI requirements
Would not pass all 3 building s 0 Meets both space heating demand
regulations Part L 2021 metrics - and EUI requirements

11.0 Policy recommendations:
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Policy option 2 | Non-domestic buildings | Summary of indicative targets and policy wording

What would be the effect of Policy option 2 with these targets?

- - Heating system C Heating system D
Heating system A Heating system B - L
. . . . ST . i Less efficient Heat More efficient Heat
The adjacent diagram shows which non-domestic building cases Gas boiler Direct Elec or Other
Pump or Other Pump

would comply with Policy option 2 if the compliance thresholds were

set at:

Business as
usual

* Industrial buildings: EUI < 35 kWh/mZg,.yr

+ Schools: EUI < 65 kWh/m?Zg,,.yr

+ Office buildings: EUI < 70 kWh/mZg5.yr

* Space heating demand < 15 kWh/m?g.yr >< ><

+ Hotels: EUI < 160 kWh/m2g,,.yr

Good
Practice

Ultra low
energy

Figure 11.10 — Diagram illustrating which cases in which each non-domestic typology is able to comply with
Policy Option 2 metrics

Non-compliant

Would not pass both building
regulations Part L 2021 metrics

Compliant with Space heating

demand or EUl requirements

Compliant with Space heating

demand and EUl requirements

11.0 Policy recommendations:
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Policy option 2 | Summary of indicative targets and policy wording | Low carbon heat

Low carbon heat policy

New buildings cannot continue to burn fossil fuels for heating if the
London Borough of X is to stay within carbon budgets. Low carbon
heat is therefore an essential component of a Net Zero Carbon
building and fossil fuels shall not be used on-site to provide heat.

Low carbon alternatives that are currently available may primarily
focus on electric provision of heat, or on nearby waste heat sources.
Sustainable green hydrogen is not currently a viable option.

Electricity can be provided through on-site renewables and through
grid electricity which is being decarbonised. However, it is important
that developments strongly limit energy use to reduce the burden on
the national grid in the wider context of electricification of transport
and buildings. The use of electricity for heating would also benefit air
quality as there would be no local emissions.

Heat sources for heat pumps can include outside air, the ground or a
local water source. Heat pumps can provide both space heating and
domestic hot water and can serve individual homes or communal
heating systems. The key benefit of heat pumps is their efficiency.
Efficiencies vary but are typically around 250-300% for an Air Source
Heat Pump.

Direct electric heating systems convert electricity directly into heat
through resistive heating and are typically 100% efficient. When direct
electric is used it is crucial to use an independently certified assured
performance standard that limits space heating demand (e.g.
Passivhaus), which reduces the risk of high energy bills.

Indicative policy wording for Policy Option 2

Low carbon heat policy
* No new developments shall be connected to the gas grid.

* Heat shall be provided through low carbon fuels

11.0 Policy recommendations:

X

Operational CO, emissions

&

Gas boiler Direct electric Heat pump

Figure 11.11 - The choice of heating system will affect operational CO, emissions over a long
time. Electric forms of heating (direct electric and heat pumps) will emit a fraction of a gas
boiler carbon emissions (see above the average over 2022-2050)

Important note: Other heat sources may include waste heat from infrastructure (such as
sewage, energy from waste, underground or data centres), which could help provide heat to a
wider network. Heat networks are another way of providing heat to developments.

This study does not include recommendations regarding heat networks, however the study
demonstrates that policy recommendations could also be applied to heat network scenarios.
Boroughs should undertake further local evidence studies to progress their heat network
strategies.
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Policy option 2 | Summary of indicative targets and policy wording | Renewable energy generation

On-site renewable energy generation policy

Energy balance
New buildings should contribute to the significant increase in %y

renewable energy generation required between now and 2050. The amount of renewable

Sk

The most robust way to deliver the overall objective of a balance energy generated in a year

between total energy use and renewable energy generation for new Q {ﬂﬂzﬁ”zﬂ” G_E‘ matches should match or
buildings at a system level is to seek to achieve this balance at the o %% exceed the EUI

site level. Operational energy A On-site

This would also have the advantage of generating ‘free’ electricity SORRPIED renewables

close to its point of use, helping to deliver significant energy cost
savings for residents and building users.

This is expected to be mainly from solar PVs in London.

Indicative policy wording for Policy Option 2

Renewable energy generation policy

Renewable energy should be generated on-site for all new
developments.

Figure 11.12 - A key component of a net zero carbon building is achieving an energy balance

— the amount of renewable energy generated in a year matches the energy used by the

building in a year.

Pitched Roof

North South

Asymmetric pitch roof
with a majority south

S N
NSNS

Monopitch Roof

North South

Monopitch roof with a
majority south facing

| .

As a minimum, the amount of energy generated in a year must be: s | N facing roof roof
*  atleast 80 kWh/m?y,iing footprint PEF @nnum* for all building types
«  at least 120 kWh/m2,iging footprint PET annum* for industrial buildings / Flat Roof
‘measured in per square meter of building footprint)
( [ <5 . 9 P North South 120 East West
The amount of energy generated in a year should match or exceed the Pitch roof with a south W Flat roof with a east/west
predicted annual energy demand of the building, i.e. Renewable energy facing roof fp concertina PV array
generation (kWh/m?/yr) = or > EUI (kWh/m?/yr). S N E w
When this is not technically possible and suitably justified, the applicant
should pay into the Council’s offset fund a sum of money equivalent to / \ £ s oo
this shortfall. 70

East West , North South

Pitch roof with a kWh/m?, Flat roof with an angled

majority east/west S N south PV array

E w  facing roof

11.0 Policy recommendations:

Figure 11.13 - Roof design can be optimised to maximise energy output from photovoltaics. A
useful indicator of this is expressed in kWh generated per m? of building footprint (kWh/m?y)
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Policy option 2 | Summary of indicative targets and policy wording | Delivering performance

Assured energy performance policy

1000 ﬁ !

In order for the Net Zero Carbon buildings policy to be effective, it is
important that new buildings deliver their intended performance.

Unfortunately, the actual energy performance of buildings often fails =
to meet the design standard. This difference is commonly referred to

as 'the Performance Gap’. The Zero Carbon Hub concluded in their

600

Evidence Review Report in 2014 that a compliance process focused

Energy Intensity (KWh/m?/year)

on design rather than as built performance is a key contributor to the

180 203 195
performance gap. 2001 18
Excellent design and detailing need to be matched by high quality ,
construction and commissioning in order for the ‘performance gap’ B
between the design and actual in-use energy to be reduced. This can EPC bands

be achieved by energy performance construction quality assurance
schemes such as the Passivhaus standard or the AECB Building
standards.

Figure 11.14 - EPC data compared with measured energy consumption of 420 homes. There is little
correlation and only marginal improvement on average energy consumption per EPC rating which
demonstrates the existence of a performance gap between intended and actual energy performance.

Indicative policy wording for Policy Option 2

Assured energy performance policy

+ All developments (domestic and non-domestic) must demonstrate

and commit to the use of an assured performance method in order to

ensure that the buildings' operational energy performance will meet
the design intentions.

» All developments should monitor their total energy use and

renewable energy generation and submit the annual figures to the
LPA for the first 5 years of operation.

Figure 11.15 - Good examples of insulation installed on site, showing methods to eliminate gaps
(wedging and overfilling). Left: Goldsmith street © Etude, Right: © Green building store.

11.0 Policy recommendations:
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11.3

Key considerations for implementation

11.0 Policy recommen dations:
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Important recommendations for implementation

Considerations for implementation of policy options 1 and 2

Planning policy targets, including those set out in this study, must
always assume a "fixed set of conditions" which can never fully
capture the nuances and reality of buildings in use and their particular
site conditions and constraints.

It is also widely accepted that there is currently a performance gap
between predicted and actual energy performance when designing
buildings. Taking a policy option 2 approach based on predictive
energy modelling will help to reduce this performance gap. However,
quality standards set at planning stage are often not carried forward
into the actual built design as specifications may be 'downgraded' at
a later stage through the 'value-engineering' process. Poor
construction quality is another reason that energy performance may
not perform as expected in 'as-built' development*.

* A good way for Local Plans to avoid these problems and support successful policy
implementation would be to require proposals to meet an independently certified
quality assurance standard (e.g. Passivhaus certification). Local Authorities could also
consider supporting minor applications through providing a bespoke, simplified energy
statement template for minor schemes to reduce the burden on applicants.

Policy option 2: benefits

v Different policies for space heating demand, energy use and
renewable energy generation deliver on these three objectives
and none of them is diluted or traded off against another.

v" A more rigorous methodology is used to estimate and predict
energy performance.

v All energy uses matter and are taken into account, and designers
need to evaluate this energy use.

v" A fixed absolute target incentivises actual performance.

<\

Performance in-use can be validated using metered energy data.

v" A more energy efficient building form is incentivised which aids in
reducing heating and cooling demand.

11.0 Policy recommendations:

Considerations for implementation

Recommended next steps

Consistency between applications

Predicted energy modelling can be used to reliably estimate
energy use and to drive suitable design and construction decisions.
For domestic buildings, the PHPP tool has been shown to predict
energy use much more accurately than the current version of SAP.
For non-domestic buildings, IESVE, TAS and PHPP are three energy
modelling packages that can be used to carry out TM54
assessments.

Prepare predictive energy
modelling guidelines for all
boroughs

Benchmark data

As detailed modelling at pre-planning (i.e. before detailed design)
may not always be possible, applicants my rely on benchmarks
which are generally out of date (e.g. CIBSE benchmark data for
catering).

Learning from monitoring should also be a priority, with a view
updating benchmarks and targets at regular intervals, via a SPD or
equivalent.

Gather and share
benchmarks over the next
few years.

Sample of buildings modelled

This study has only looked at one non-domestic building for each
typology. A greater sample number of buildings and a wider range
of typologies would help inform the development of more robust
EUl-targets, especially for non-domestic buildings.

This applies to other building types and policy option 1 as well but
to a less extent.

Wider group of consultants
to create ‘wider’ evidence
base

Skills in predictive energy modelling and high performance building
Industry awareness has grown significantly in recent years, however
predictive energy modelling and analysis and delivery of quality
standards such as Passivhaus on site are not yet common practice.

Upskilling is necessary and
will be beneficial. Policy
requirements will help the
industry to upskill

Figure 11.16 — Summary of potential implementation risks as well as their proposed mitigation strategy
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12.1

Net Zero Carbon in operation: definition
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Net Zero Operational Carbon: definition

Ten key requirements
for a Net Zero
Operation Carbon

Net Zero Operational Carbon

Developed by UKGBC,
LET! and BBP, and Ten key requirements for new buildings
supported by the By 2030 all new buildings must operate at net zero to meet our climate change targets. This means that by 2025 all new I.OW cqrbon energy supp[y

buildings will need to be designed to meet these targets. This page sets out the approach to operational carbon that
will be necessary to deliver zero carben buildings. For more information about any of these requirements and how to e Heating and hot water should not be
meet them, please refer fo the: UKBGC - Net Zero Carbon Buildings Framework; BBP - Design for Performance initiative;

RIBA - 2030 Climate Challenge; GHA - Net Zero Housing Project Map; CIBSE - Climate Action Plan; and, LETI - Climate
Emergency Design Guide. « -

Good Homes Alliance,
RIBA and CIBSE

generated using fossil fuels.

The average annual carbon content of
the heat supplied (gCO,/kWh) should
be reported.

Low energy use

o Total Energy Use Intensity (EUI) - Energy use
measured at the meter should be equal to or
less than:
= 35 kWh/m?/yr (GIA) for residential’

o On-site renewable electricity should be
maximised.

Energy demand response and storage
measures should be incorporated

and the building annual peak energy
demand should be reported.

For non-domestic buildings a minimum

DEC B (40) rating should be achieved and/or
an EUl equal or less than:

* 65 kWh/m?/yr (GIA) for schools'!

Measurement and verification

e Annual energy use and renewable energy
generation on-site must be reported and
independently verified in-use each year
for the first 5 years. This can be done on
an aggregated and anonymised basis for
residential buildings.

® Any energy use not met by on-site
renewables should be met by an
investment into additional renewable
energy capacity off-site OR a minimum
15 year renewable energy power
purchase agreement (PPA). A green
tariff is not robust enough and does not
provide ‘additional’ renewables.

e 70 kWh/m?/yr (NLA) or 55 kWh/m?/yr (GIA) c Zero carbon balance
for commercial offices'? _g NEf ZerO
fo] A carbon balance calculation (on an
o Building fabric is very important therefore g operahonal o annual basis) should be undertaken
space heating demand should be less than = 3‘ and it should be demonstrated that the
15 kWh/m?/yr for all building types. g CCII'bOI’\ 61 building achieves a net zero carbon
- balance.
2 g
&

Reducing construction impacts

Embodied carbon should be assessed, Notes:

13.0 Appendices

reduced and verified post-construction.®

Developed in collaberation with:

— . )
&, sl = be revised as more knowledge is avaiole aen nne .
UK BETTER T e three fieids., As healing and hot water is nof iife carbon is crucial and will be coverad in sep vidonce.
[ ) * BUILDINGS Good RI BA generated by fossd fuels, this assumes on all electric Note 4 - Adaptation fa climate change
» Homes . fil aiher zera caroen fuels e en buidings should also be adopled fo climale
e~ PARTNERSHIP Allance  Architecturecom CIBSE . et Il o 15k o oveihestig s moraged

Developed with the support of:

Nole 1-Energy use Intensity (EUI) forgets
The above torgets include oll eneray uses in the

building (reguiated and unreguiated) as measured of
the meter and exchud = generafion. They have

ewable energy supply for UK

Nofe 2 - Commercial offices

with o fypical net o arass rafio, 70 kWh/m? NLA/yr s equivalent
to 55 kwh/m? GlAfyr. Buiding and developers are
recommended to farget o bose building rating of & stors using
the BBP's Desian for Performance process bosed on NABERS,

Mote 3 - Whole life carbon
Ihis recogniser

at operations

present only one

g s minimised.
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Glossary

Be clean

Be green

Be lean

Be seen

Building Emission
Rate (BER)

Capacity

Carbon budget

13.0 Appendices

Is the second step of the London Plan Energy Hierarchy
that looks at the heating infrastructure provided to new
developments and requires that the heat and energy

provided is as efficient as possible. CIBSE
Is the third step of The London Plan Energy Hierarchy
seeking to incentivise energy generation through
renewable technologies.
CIBSE TM54

Is the first step of The London Plan Energy Hierarchy
aiming to encourage developers to reduce the energy
demand through passive and active design measures.

Combined heat
and power (CHP)

Is the fourth step of The London Plan Energy Hierarchy
requiring monitoring and reporting of the actual
operational energy performance of major developments
for at least five years.

Dwelling Emission

The actual building emission rate (BER) for the proposed Rate (DER)
building (other than dwellings) is calculated following the

National Calculation Methodology (NCM) and is based on

its actual specification. the BER is expressed in terms of its

annual CO2 emissions of the proposed building

expressed in kg/mz.

The capacity of the system is the maximum power output.
It depends on the installation’s size and technical
capability. The capacity may be in terms of electrical or
thermal output.
EDSL Tas
A carbon budget is the cumulative amount of carbon
dioxide (CO2) emissions permitted over a period of time
to keep within a certain temperature threshold.

Carbon offsetting

Carbon offsetting consists of financing projects to reduce
carbon dioxide emissions by purchasing carbon credits.

The Chartered Institution of Building Services Engineers
(CIBSE) is an international professional engineering
association based in London, England that represents
building services engineers.

The TM54 is a Technical Memorandum published by
CIBSE that sets a methodology to calculate predicted in-
operation energy use.

A system which generates electricity whilst also capturing
usable heat generated in the process. Typically, when
referring to CHP it is inferred that this is gas-fired though
this does not necessarily need to be the case.

The dwelling emissions rate is used within SAP ‘Standards
Assessment Procedure’ and is the annual CO2 emissions
from all new dwellings and is expressed in kilograms per
square meter of floor area (kg/m?). The quantity is
calculated in accordance with the applicable regulatory
document and expressed in kilograms per unit floor area
to two decimal places In another sense, the DER is equal
to the annual CO2 emission per unit of floor area for,
space heating, water heating, ventilation, and lighting less
the emission that could be saved from renewable

technology.
A
Is a building modelling and simulation tool capable of g
performing hourly dynamic thermal simulation for 9
buildings of any size. 5
O
O
S
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Glossary

Embodied carbon Embodied carbon refers to the greenhouse gas emissions

EUI

Fabric Energy
Efficiency (FEE)

Future Home
Standard (FHS)

Global warming
potential (GWP)

13.0 Appendices

associated with the manufacture, transport, construction,
repair, maintenance, replacement and deconstruction of
all building elements. Upfront embodied carbon refer to
the initial amount of embodied carbon associated with
the building.

Energy Use Intensity expresses a building’s energy use as
a function of its size, typically expressed as energy
consumption in kWh/mzyr. The measurement of floor area
can be expressed in terms of Net Lettable Area (NLA) or
Gross Internal Area (GIA).

It is a measure of the efficiency of the building fabric that
would reduce the amount of energy required to heat a
home. Under the current Part L 2013, the Fabric Energy
Efficiency Standard (FEES) metric sets the benchmark for
a building through its ‘notional building” and minimum u-
values for fabric standards.

The Future Homes Standard is a criteria linked to energy
efficiency that comes into play in the UK in 2025. The key
purpose of the standard is to significantly reduce carbon
emissions, with properties being built with 75% less
carbon compared with existing regulations.

The Global Warming Potential of a refrigerant is often
expressed in carbon dioxide equivalents (COze). The
timescale the value refers to may be in the order of 50 or
100 years.

Heat Pump

IES-VE

kw

kwh

London Energy
Transformation
Initiative (LETI)

MwW

A heat pump is a device that transfers thermal energy
from a heat source to a heat sink (e.g. the ground to a
house). There are many varieties of heat pump e.g. air,
ground and water source heat pumps. The first word in
the title refers to the heat source from which the pump
draws heat. The pumps run on electricity, however less
energy is required for their operation than they generate
in heat, hence their status as a renewable technology.

The IES Virtual Environment (VE) is a suite of building
performance analysis applications. It can be used by
designers to test different options, identify passive
solutions, compare low-carbon & renewable technologies,
and draw conclusions on energy use, CO2 emissions and
occupant comfort.

Stands for kilowatt. A kilowatt is a unit of power
equivalent to a thousand watts.

Stands for a kilowatt hour and is a unit of energy. It is
equal to the amount of energy a system will generate in
an hour whilst running at a kilowatt power output.

LET! is a voluntary network of individuals across the built
environment. Responsible for releasing thought
documents including Climate Emergency Design Guide.

Stands for megawatt. A megawatt is a unit of power
equivalent to a million watts.
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Glossary

MWh

NABERS

National
Calculation
Methodology
(NCM)

Net Zero Carbon
(NZC)

13.0 Appendices

Stands for a megawatt hour and is a unit of energy. It is
equal to the amount of energy a system will generate in
an hour whilst running at 1 megawatt power output.

Is a sustainability rating for the built environment through
the provision of a rating from one to six stars for buildings
efficiency across energy, water, waste and indoor
environment.

It is the procedure for demonstrating compliance with the
Building Regulations for buildings other than dwellings is
by calculating the annual energy use for a proposed
building and comparing it with the energy use of a
comparable 'Notional' building.

A 'Net Zero' (whole life) Carbon’ Asset is one where the
sum total of all asset related GHG emissions, both
operational and embodied, over an asset’s life cycle
(Modules A0-A5, B1-B8, C1-C4) are minimised, which
meets local carbon, energy and water targets or limits,
and with residual ‘offsets’, equals zero.

A ‘Net Zero Operational Carbon — Energy’ asset is one
where no fossil fuels are used, all energy use (Module B6)
has been minimised, meets the local energy use target or
limit (e.g. kWh/mzyr) and all energy use is generated on-
or of- site using renewables that demonstrate
additionality. Direct emissions from renewables and any
upstream emissions are ‘offset’.

The definition of ‘Zero Carbon’ used by the London Plan
focuses in operational emissions, excluding ‘unregulated’
energy use and relying on carbon offsetting.

Notional building
(Part L)

Operational
carbon

Part L

Photovoltaics (PV)

Primary energy

A hypothetical building of the same size, shape,
orientation and shading as the actual building, with the
same activities, zoning and system types and exposed to
the same weather data, but with pre-defined specified
properties for the building fabric, fittings and services.
The notional building is concurrent with the national
building regulations for Wales 2014, Northemn Ireland
2012 and England 2013. For Scotland 2013, the ‘'notional’
building is generated based upon a building designed to
meet the 2002 standards and a percentage improvement
is applied to define the compliant building target carbon
dioxide emission rate (TER).” BRE Group

The term used to describe the emissions of carbon
dioxide and other greenhouse gases during the in-use
operation of a building, most materially from energy use
and refrigerants.

Part L is a building regulation that concerns construction
projects that are new, or result in the change of use of a
dwelling or all other buildings in England. It sets the
standards for the energy performance and carbon
emissions of new and existing buildings.

A technology which is used to generate renewable
electricity using energy from the sun; typically installed on
rooftop or across large fields.

Energy from fossil fuel and renewable sources that has
not undergone any conversion or transformation process.
Primary energy is transformed by the means of energy
generation used and its transmission to the building.
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Glossary

Regulated energy Regulated energy is building energy consumption

Renewable
energy

Retrofit

RIBA

Simplified
Building Energy
Model (SBEM)

Sleeving

Space heating
demand (SHD)

13.0 Appendices

resulting from the specification of controlled, fixed
building services and fittings, including space heating and
cooling, hot water, ventilation, fans, pumps and lighting.
Such energy uses are inherent in the design of a building

Renewable energy is derived from sources which are
naturally replenished or are practically inexhaustible. They
are often described as 'clean’, 'green’' or 'sustainable’
forms of energy because of their minimal environmental
impact compared to fossil fuels.

Is the process of making changes to existing buildings so
that energy consumption and emissions are reduced.
These changes should also provide the benefit of a more
comfortable and healthier home with lower fuel bills.

The Royal Institute of British Architects is a professional
body for architects primarily in the United Kingdom, but
also internationally, founded for the advancement of
architecture.

Is a calculation which measures the energy performance
of a non-residential building. It is currently used to work
out if a new building ill comply with Building Regulations,
and also to generate Energy Performance Certificates
(EPC).

If a new building connects to a high carbon heat network
and leads to the addition of a new low carbon heat
source, sleeving allows the use of the low carbon content
of heat by the building for its planning energy
calculations.

The amount of heat energy needed to heat a building
over a year (per square metre)

Standard
Assessment
Procedure (SAP)

Target Emission
Rate (TER)

UKGBC

Unregulated
energy

Waste water heat
recovery

Is the methodology used by the UK government to assess
and compare the energy and environmental performance
of dwellings. Its purpose is to provide accurate and
reliable assessments of dwellings that are needed to
underpin energy and environmental policy initiatives.

Is a pre-set building specification that sets a minimum
allowable standard for the energy performance of a
building and is defined by the annual CO2 emissions of a
notional building of the same size and shape to the
proposed one. It is expressed in annual kg of CO2 per m’
(kgCO2/m2).

The UK Green Building Council (UKGBC) is a United
Kingdom membership organisation, formed in 2007,
which aims to 'radically transform' the way that the built
environment in the UK is planned, designed, constructed,
maintained and operated.

Unregulated energy is building energy consumption
resulting from a system or process that is not ‘controlled’,
ie energy consumption from systems in the building on
which the Building Regulations do not impose a
requirement. For example, this may include energy
consumption from systems integral to the building and its
operation, e.g. IT equipment, lifts, escalators,
refrigeration systems, external lighting, ducted-fume
cupboards, servers, printers, photocopiers, laptops,
cooking, audio-visual equipment and other appliances.

Is a system designed to retrieve thermal energy from hot
water used in a shower before it disappears down the
drain.
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12.3

Energy and cost modelling assumptions
for all typologies
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12.3.1

Energy and cost modelling assumptions
for terrace house
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Terrace House | Fabric & Ventilation

=+

1

Business as Usual*

Description

This scenario represents the type of energy
efficiency performance most applicants are

used to deliver.

Floor U-Value (W/m?K) 0.11
External wall U-Value (W/m?K) 0.18
Roof U-Value (W/m?K) 0.13
Soffit U-Value (W/m?K) N/A
Windows

U-value (W/m?K) 1.40
Windows g-value 0.6
External doors (W/m?K) 1.6

Thermal bridging (W/m?2K)

Good practice
(e.g. y-value =~ 0.08 W/m?K)

Air Permeability (m3/m?/hr)

3

Ventilation system and design

Good quality MVHR
Long ducts to outside

MVHR heat recovery efficiency

85%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/1/s (PHPP)

(=) New input for SAP 10.2

+  The term ‘Business as Usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment
building. For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual’ has not changed significantly in terms of fabric

and ventilation specifications

13.0 Appendices
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This table summarises the different heating system assumptions modelled based on the four different scenarios.

Terrace House | Building services

A

Gas boiler

Description

Individual condensing gas boiler
and hot water cylinder

Communal heating distribution
and Distribution Loss Factor (DLF)

N/A

Heating emitters

LTHW radiators fed by gas boiler

Hot water system

A 180L hot water store in each
unit

Heating and hot water seasonal
efficiency

89.5%

Showers [

2 showers — 8 I/min each

Waste Water Heat Recovery

No WWHR assumed

Internal lighting

10 light bulbs @ 5W and 95IW

13.0 Appendices

S|+ ¢

(=) New input for SAP 10.2
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Terrace House | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed.

Description

Photovoltaic Panels (kWp)

Assumed area (Panel area)

Tilt

Shading

Battery capacity (kWh) (=

13.0 Appendices

(=) New input for SAP 10.2
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12.3.2

Energy and cost modelling assumptions

for low-rise apartment building
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Low rise apartment building | Fabric & Ventilation

The SAP Calculations assume a 5 story building.

1

Business as Usual*

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

Floor U-Value (W/m?K) 0.13
External wall U-Value (W/m?K) 0.18
Roof U-Value (W/m?K) 0.15
Soffit U-Value (W/m?K) N/A
Windows

U-value (W/m?K) 1.40
Windows g-value 0.4
External doors (W/m?K) N/A

Thermal bridging (W/m?2K)

Good practice
(e.g. y-value =~ 0.1 W/m?K)

Air Permeability (m3/m2/hr)

<3

Ventilation system and design

Good quality MVHR
Long ducts to outside

MVHR heat recovery efficiency

85%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/1/s (PHPP)

=+

(=) New input for SAP 10.2

* The term ‘Business as Usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment building.
For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and

ventilation specifications

13.0 Appendices
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This table summarises the different heating system assumptions modelled based on the four different scenarios.

Low rise apartment building | Building services

S|+ ¢

A

Gas boiler

Description

Communal gas boiler supplying
heat interface units in all flats

Communal heating distribution
and Distribution Loss Factor (DLF)

Flow and return temperature
70°C/50°C .
Assumed DLF = 1.05

Heating emitters

LTHW radiators fed by HIU

Hot water system

HIU provides instantaneous hot
water

Heating and hot water seasonal
efficiency

93%

Showers [«

2 showers — 8 |/min each

Waste Water Heat Recovery

No WWHR assumed

Internal lighting

10 light bulbs @ 5W and 95IW

13.0 Appendices

(=) New input for SAP 10.2
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Low rise apartment building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed. (=) New input for SAP 10.2

Description

Photovoltaic Panels (kWp)

Assumed area (Panel area)

Tilt

Shading

Battery capacity (kWh) (=]
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Mid rise apartment building | Fabric & Ventilation

The SAP Calculations assume a 5 story building.

=+

1

Business as Usual*

2

Good Practice

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level

of performance: better than business as usual
but not as good as ultra low energy.

Floor U-Value (W/m?K) 0.13 0.10
External wall U-Value (W/m?K) 0.18 0.15
Roof U-Value (W/m?ZK) 0.15 0.12
Soffit U-Value (W/m?K) N/A N/A
Windows

U-value (W/m?K) 1.40 1.20
Windows g-value 0.4 0.5
External doors (W/m?K) N/A N/A

Thermal bridging (W/m?2K)

Good practice
(e.g. y-value =~ 0.1 W/m?K)

Better practice
(e.g. y-value =~ 0.07 W/m?K)

Air Permeability (m3/m2/hr)

<3

<3

Ventilation system and design

Good quality MVHR
Long ducts to outside

High quality MVHR
Long ducts to outside

MVHR heat recovery efficiency

85%

90%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/1/s (PHPP)

0.7 W/I/s (SAP)
1.25 W/I/s (PHPP)

(=) New input for SAP 10.2

* The term ‘Business as Usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment building.
For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and

ventilation specifications

13.0 Appendices
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Mid rise apartment building | Building services

This table summarises the different heating system assumptions modelled based on the four different scenarios.

A

Gas boiler

Description

Communal gas boiler supplying
heat interface units in all flats

Communal heating distribution
and Distribution Loss Factor (DLF)

Flow and return temperature
70°C/50°C .
Assumed DLF = 1.05

Heating emitters

LTHW radiators fed by HIU

Hot water system

HIU provides instantaneous hot
water

Heating and hot water seasonal
efficiency

93%

Showers [=

2 showers — 8 |/min each

Waste Water Heat Recovery

No WWHR assumed

Internal lighting

10 light bulbs @ 5W and 95IW

13.0 Appendices
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(=) New input for SAP 10.2
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Mid rise apartment building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed.

Description

Photovoltaic Panels (kWp)

Assumed area (Panel area)

Tilt

Shading

Battery capacity (kWh) (=]

13.0 Appendices

(=) New input for SAP 10.2
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12.3.4

Energy and cost modelling assumptions

for high-rise apartment building
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

High rise apartment building | Fabric & Ventilation

The SAP Calculations assume a 5 story building.

=+

1

Business as Usual*

Description

This scenario represents the type of energy
efficiency performance most applicants are

used to deliver.

Floor U-Value (W/m?K) 0.13
External wall U-Value (W/m?K) 0.18
Roof U-Value (W/m?K) 0.15
Soffit U-Value (W/m?K) N/A
Windows

U-value (W/m?K) 1.40
Windows g-value 0.4
External doors (W/m?K) N/A

Thermal bridging (W/m?2K)

Good practice
(e.g. y-value =~ 0.15 W/m?K)

Air Permeability (m3/m2/hr)

<3

Ventilation system and design

Good quality MVHR
Long ducts to outside

MVHR heat recovery efficiency

85%

MVHR specific fan power

0.8 W/I/s (SAP)
1.75 W/1/s (PHPP)

(=) New input for SAP 10.2

* The term ‘Business as Usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment building.
For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and

ventilation specifications
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This table summarises the different heating system assumptions modelled based on the four different scenarios.

High rise apartment building | Building services

S|+ ¢

A

Gas boiler

Description

Communal gas boiler supplying
heat interface units in all flats

Communal heating distribution
and Distribution Loss Factor (DLF)

Flow and return temperature
70°C/50°C .
Assumed DLF = 1.05

Heating emitters

LTHW radiators fed by HIU

Hot water system

HIU provides instantaneous hot
water

Heating and hot water seasonal
efficiency

93%

Showers [=

2 showers — 8 |/min each

Waste Water Heat Recovery

No WWHR assumed

Internal lighting

10 light bulbs @ 5W and 95IW

13.0 Appendices
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High rise apartment building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed.

Description

Photovoltaic Panels (kWp)

Assumed area (Panel area)

Tilt

Shading

Battery capacity (kWh) (=]

13.0 Appendices

(=) New input for SAP 10.2
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12.3.5

Energy and cost modelling assumptions

for office building
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Office building |

Modelling was carried out for a 7-storey office of 4000m?2 GIA.

f) New input for Part L 2021

1

Business as Usual

2

Good Practice

3

Ultra Low Energy

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level
of performance: better than business as usual
but not as good as ultra low energy.

This scenario represents a feasible best
practice level of performance, approximately
equivalent to Passivhaus.

Floor U-Value (W/m?K) 0.15 0.12 0.09
External wall U-Value (W/m?K) 0.25 0.18 0.13
Roof U-Value (W/m?K) 0.15 0.13 0.10
Windows

U-value (W/m?2K)* 1.60 1.40 0.80
Windows g-value 0.40 0.40 0.40
External doors (W/m?2K) 2.0 1.5 1.5

Thermal bridging (W/m?K)

Good practice
(5% of losses)

Better practice
(3% of losses)

Best practice
(1% of losses)

Air Permeability (m3/m2/hr) 5 3 1
Ventilation system and design Standard quality AHU Good quality AHU Best practice AHU
AHU heat recovery efficiency 75% 80% 90%
AHU specific fan power 1.8 W/l/s 1.6 W/l/s 1.2 W/l/s

0.3 W/I/s (FCU terminal units) 0.3 W/I/s (FCU terminal units) 0.3 W/I/s (FCU terminal units)
Demand Control Ventilation [=) No Yes - CO2 sensors with speed control Yes - CO2 sensors with speed control
Internal Lighting (Im/W) (= 95 105 115

Lighting Control

PIR Presence Detection + Daylight Dimming
in Offices only

PIR Presence Detection + Daylight Dimming
in Offices only

PIR Presence Detection + Daylight Dimming
in Offices only

The term ‘Business as Usual’ Business as usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a mid-rise apartment building.
Fofcdnsistencayeit has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and ventilation specifications



This table summarises the different heating system assumptions modelled based on the four different scenarios.

Office building | Building services

A

Gas boiler

Description

Gas boiler serving a heating
system with flow and return
temperature 70°C/50°C

Heating emitters

LTHW Fan Coil Unit fed by Gas
Boiler

Hot water system

Direct electric hot water to toilets
A 400L hot water store for the
showers fed by gas boiler

Heating and hot water seasonal
efficiency

95% for heating and hot water

Waste Water Heat Recovery (WWHR)  No WWHR assumed
Cooling seasonal efficiency 3.5 EER
5.0 SEER

13.0 Appendices
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Office building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed. (= New input for Part L 2021

No PV

Description This assumed no PVs at all on the roof or any
of the elevation

Photovoltaic Panels (kWp) 0

Module Efficiency (%) N/A
Assumed area (Panel area) N/A
Tilt N/A
Shading N/A
Battery capacity (kWh) (=] N/A

Return to contents >
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12.3.6

Energy and cost modelling assumptions

for primary school
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Jﬁ Primary school building |

This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.
Modelling was carried out for a 3/4-storey primary school of 6000m?2 GIA.

1 2 3

f) New input for Part L 2021

Business as Usual Good Practice Ultra Low Energy

Description This scenario represents the type of energy  This scenario represents an intermediate level This scenario represents a feasible best
efficiency performance most applicants are  of performance: better than business as usual practice level of performance, approximately
used to deliver. but not as good as ultra low energy. equivalent to Passivhaus.

Floor U-Value (W/m?K) 0.15 0.12 0.09

External wall U-Value (W/m?K) 0.20 0.18 0.13

Roof U-Value (W/m?K) 0.15 0.13 0.11

Thermal bridge performance* 25% added to the U-values 25% added to the U-values 25% added to the U-values

Windows

U-value (W/m?2K)* 1.40 1.20 0.80

Windows g-value 0.50 0.50 0.50

External doors (W/m?2K) 1.6 1.6 1.6

Air Permeability (m3/m?%/hr) 5 3 1

Ventilation system and design Fan assisted ventilation Good quality MVHR Best practice MVHR

AHU heat recovery efficiency 0% 70% 80%

AHU specific fan power 0.5 W/l/s 1.6 W/l/s 1.2 W/l/s

Demand Control Ventilation (<] No No Yes - CO2 sensors with speed control

Internal Lighting (Im/W) (= 95 105 115

Lighting Control PIR Absence Detection + Daylight Dimming  PIR Absence Detection + Daylight Dimming  PIR Absence Detection + Daylight Dimming
in Teaching and Offices only in Teaching and Offices only in Teaching and Offices only

PIR Presence Detection in Circulation, Toilets, PIR Presence Detection in Circulation, Toilets, PIR Presence Detection in Circulation, Toilets,
Stores, Kitchen, Dining, Server and Changing Stores, Kitchen, Dining, Server and Changing Stores, Kitchen, Dining, Server and Changing

The term ‘Business as Usual’ is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a school.
For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and ventilation specifications
#Variations injthermal bridging have not been modelled as the software doesn’t support modelling psi values so adds a default 25% uplift to all U-values in actual building in accordance with NCM.
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Primary school building | Building services CE,
+

This table summarises the different heating system assumptions modelled based on the four different scenarios.

A

Gas boiler

Description Gas boiler serving a heating
system with flow and return
temperature 70°C/50°C

Heating emitters LTHW radiators fed by gas boiler

Hot water system A 2500L hot water store

Heating and hot water seasonal 95% for heating and hot water

efficiency
Waste Water Heat Recovery (WWHR)  No WWHR assumed

Cooling seasonal efficiency No cooling assumed

Distribution efficiency (heating, 95%
cooling and DHW)

*Heat pumps in Systems C and D have been improved from the initial 2019 study to more closely align with the other typologies and take account of the minimum permissible performance levels set by Part L.
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This table summarises the different sizes of PV system assumed.

Primary school building | Photovoltaics (PVs)

No PV

PV

Description This assumed no PVs at all on the roof or any This assumes a standard practice for PVs. No

of the elevation particular effort has been made to design the
roof in order to accommodate PVs.

Photovoltaic Panels (kWp) 0 135.5

Module Efficiency (%) N/A TBC%

Assumed area (Panel area) N/A 607.8m? (25% of footprint)

Tilt N/A 10° (Horizontal)

Shading N/A Average/unknown

Battery capacity (kWh) (=] N/A N/A

Predicted Annual Yield N/A 114,657 kWh

13.0 Appendices
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12.3.7

Energy and cost modelling assumptions

for industrial building
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Industrial building |

Modelling was carried out for a 2-storey industrial building of 2000m?2 GIA.

f) New input for Part L 2021

1

Business as Usual

2

Good Practice

3

Ultra Low Energy

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level

of performance: better than business as usual
but not as good as ultra low energy.

This scenario represents a feasible best
practice level of performance, approximately
equivalent to Passivhaus.

Floor U-Value (W/m?K) 0.18 0.15 0.13
External wall U-Value (W/m?K) 0.26 0.18 0.14

Roof U-Value (W/m?K) 0.16 0.13 0.1
Windows/Rooflights

U-value (W/m?K)* 1.60/ 2.00 1.40/1.60 1.20/1.40
Windows g-value 0.40/0.50 0.40/0.50 0.40/0.50
External doors — Pedestrian / Vehicle 2.0/ 1.3 1.5/1.3 1.5/1.3

(W/m?K)

Thermal bridging (W/m?2K)

Good practice
(5% of losses)

Better practice
(3% of losses)

Best practice
(1% of losses)

Air Permeability (m3/m2/hr)

5

3

2

Ventilation system and design

Industrial offices: AHU with HR
Industrial warehouses: Exhaust only

Industrial offices: AHU with HR
Industrial warehouses: AHU with HR

Industrial offices: AHU with HR
Industrial warehouses: AHU with HR

AHU heat recovery efficiency

Industrial offices: 75%
Industrial warehouses: NA

Industrial offices: 80%
Industrial warehouses: 80%

Industrial offices: 80%
Industrial warehouses: 80%

AHU specific fan power

Industrial offices: 1.6 (0.2 for terminal units)
Industrial warehouses: 0.5

Industrial offices: 1.4 (0.2 for terminal units)
Industrial warehouses: 1.4

Industrial offices: 1.2 (0.15 terminal units)
Industrial warehouses: 1.2

Demand Control Ventilation (=] No No Yes - CO, sensors with speed control only in
offices
Internal Lighting (Im/W) (= 100 110 115

Lighting Control

PIR Presence Detection + Daylight Dimming
in offices only

PIR Presence Detection + Daylight Dimming
in offices only

PIR Presence Detection + Daylight Dimming
in offices only




This table summarises the different heating system assumptions modelled based on the four different scenarios.

Industrial building | Building services

A

Gas boiler

Description

Gas boiler serving a heating
system with flow and return
temperature 70°C/50°C

Heating emitters (Workshop)

Radiant panels

Heating seasonal efficiency 95%
(Workshop)

Heating emitters (Office) FCU
Heating seasonal efficiency (Office) 95%

Hot water system Direct electric
Hot water seasonal efficiency 100%
Cooling seasonal efficiency (Office 3.5 EER
spaces) 5.0 SEER

13.0 Appendices
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Industrial building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed.

No PV

PV

Description

This assumed no PVs at all on the roof or any
of the elevation

This assumes a standard practice for PVs. No
particular effort has been made to design the
roof in order to accommodate PVs.

Photovoltaic Panels (kWh/year) 0 122,160

Module Efficiency (%) N/A 20%

Assumed area (Panel area) N/A 666 m? (20% of building footprint area)
Tilt N/A 30° (Horizontal)

Shading N/A Average/unknown

Battery capacity (kWh) (=] N/A N/A

13.0 Appendices
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This table summarises the different energy efficiency assumptions modelled based on the three different fabric and ventilation scenarios.

Hotel building |

Modelling was carried out for a 11 storey hotel with 100 bedrooms, ground floor restaurant and 3900m2 GIA.

f) New input for Part L 2021

1

Business as Usual

2

Good Practice

3

Ultra Low Energy

Description

This scenario represents the type of energy
efficiency performance most applicants are
used to deliver.

This scenario represents an intermediate level
of performance: better than business as usual
but not as good as ultra low energy.

This scenario represents a feasible best
practice level of performance, approximately
equivalent to Passivhaus.

Floor U-Value (W/m?K) 0.15 0.12 0.09
External wall U-Value (W/m?K) 0.25 0.18 0.13
Roof U-Value (W/m?K) 0.15 0.13 0.10

Thermal bridge performance*

25% added to the U-values

25% added to the U-values

25% added to the U-values

Windows

U-value (W/m?K) 1.40 1.20 0.80

Windows g-value 0.4 0.4 0.4

Air Permeability (m3/m2/hr) 5 3 1

Ventilation system and design AHU AHU AHU

AHU heat recovery efficiency 75% 80% 80%

AHU specific fan power 1.6 W/l/s 1.4 W/l/s 1.2 W/l/s

Demand Control Ventilation (<] No No Yes - CO2 sensors with speed control
Internal Lighting (Im/W) (= 95 105 115

Lighting Control

Manual on/off and daylight controls are
assumed for all bedrooms. PIR presence
detection + daylight dimming in restaurant
and reception, PIR to circulation and all back
of house spaces

Manual on/off and daylight controls are
assumed for all bedrooms. PIR presence
detection + daylight dimming in restaurant
and reception, PIR to circulation and all back

of house spaces

Manual on/off and daylight controls are
assumed for all bedrooms. PIR presence
detection + daylight dimming in restaurant
and reception, PIR to circulation and all back
of house spaces

The term ‘Business as Usual’ Business as usual’ scenarios is meant to represent the type of fabric and ventilation specifications that most applicants in London would consider ‘standard’ for a hotel.
For consistency it has not been changed compared with the initial 2019 study. We think that this approach is acceptable as ‘Business as usual” has not changed significantly in terms of fabric and ventilation specifications
*Variations in thermal bridging have not been modelled as the software doesn’t support modelling psi values so adds a default 25% uplift to all U-values in actual building in accordance with NCM.



Hotel building | Building services

This table summarises the different heating system assumptions modelled based on the four different scenarios.

A

Gas boiler
Description Gas boiler serving a heating
system with flow and return
temperature 70°C/50°C
Heating emitters LTHW Fan Coil Unit fed by gas
boiler
Hot water system A 3500L hot water store
Heating and hot water seasonal 95% for heating and hot water

efficiency
Waste Water Heat Recovery WWHR)  No WWHR assumed

Cooling seasonal efficiency 5.0

Distribution efficiency (heating, 95%
cooling and DHW)

*The system C heat pump efficiency of 220% was used to be consistent with the CoC1 study. The minimum efficiency allowed under Part L is 250%.

13.0 Appendices
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Hotel building | Photovoltaics (PVs)

This table summarises the different sizes of PV system assumed.

No PV

PV

Description This assumed no PVs at all on the roof or any This assumes a standard practice for PVs. No

of the elevation particular effort has been made to design the
roof in order to accommodate PVs.

Photovoltaic Panels (kWp) 0 45.02

Module Efficiency (%) N/A TBC%

Assumed area (Panel area) N/A 202m?2 (50% of footprint)

Tilt N/A 30° (Horizontal)

Shading N/A Average/unknown

Battery capacity (kWh) (=] N/A N/A

Predicted Annual Yield N/A 38,120 kWh

13.0 Appendices
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12.4.1

Heat networks: Distribution losses
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Distribution losses | What they are

Heat losses occur at different points in a heat network. Primary losses
must be included in the calculation of carbon intensity of the heat

supplied by the network. Secondary losses are only counted, wholly

or partially, if the counterfactual system doesn’t have the same losses.

Both primary and secondary losses are included in the Part L

assessment.

Primary Losses

Within the Energy Centre.

From primary pipework between the heat generation equipment
and the site, generally within the ground. Pre-insulated pipework is
generally used. The larger the pipe diameter (larger networks and
greater number of homes connected), the higher the heat loss per
metre of pipework. Phased systems, which use larger pipework
than immediately needed to allow for future expansion of the
network, carry a distribution heat loss penalty in the early phases
as a result.

Secondary Losses

From heat substations at the entry point to each building or core.
Most large heat networks incorporate heat exchangers at the point
of entry to individual sites, buildings or cores. The losses from the
heat substations may be counted as primary or secondary or split,
depending where in the system the main DHN meter is located.

From secondary pipework between the site boundary, or the heat
substation and each domestic unit. Some parts of the secondary
pipework may be in the ground on the site, and some will be in
communal risers and corridors within apartment buildings.

Tertiary Losses

Heat Interface Units (HIU) or hot water storage and pipework,
especially hot water for domestic use, lose heat within each
dwelling. These losses are not included in assessments of
distribution losses but in summer, these heat losses from the
network still occur and contribute to overheating risks in the
homes.

13.0 Appendices

. Hot water tank
Unit or
HIU
B
|
Tertiary
Primary [] Secondary
N Heat ‘ —
Energy substation  Site/Building
Centre

Categories of distribution and standing losses on a heat network

10 000
| Series 1 Series 2 iSeries 3
linsulation: insulation: linsulation:

I 1
1000 L ;10mm 40 mm '80 mm

100

15 Wim

Heat loss per unit length (W/m)

1 1 1 1 1 1
0 20 40 60 80 100 120

Pipe insulation thickness (mm)

Figure 30 Indicative heat losses from insulated pipes and relative performance of Series 1-3 insulation
(for a pair of flow and return pipes at fixed ambient and fluid temperatures) (source: GLA, 2014)

Typical pipework losses (extract from CIBSE CP1) for pre-insulated heat network pipes of
different diameters.

The losses from networks are heavily driven by the length of the pipework — this can be several
km for some systems. It is important that these are evaluated for the specific systems and not
estimated simply as a factor, assuming best practice can always be delivered.
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Distribution losses | The risk of focusing on % instead of absolute losses

It is a fundamental characteristic of heat networks that buildings using
the heat are linked to the energy centre by a system of pipework
carrying hot water. The temperature of the water varies between
different system types. Older networks generally have water at or
above 80°C, more modern networks generally are being designed to
work at lower temperatures, more suited to heat pumps.

The losses from networks are heavily driven by the length of the
pipework — this can be several km for some systems. It is important
that these are evaluated for specific heat networks and not estimated
simply as a factor, assuming best practice can always be delivered.

Distribution Loss Factor (DLF)

In a Part L assessment, distribution losses from heat networks are the
combination of primary distribution losses (off-site) and secondary
losses (on-site).

According to the latest SAP guidance, a default value of 2.0 should
be used (i.e. the amount of heat lost is equal to the amount of heat
delivered to homes), unless the network is designed to CP1, in which
case it can be reduced to 1.5 (i.e. the amount of heat lost is half the
amount of heat delivered to homes). Alternatively, a loss factor
specific to the network can be used.

Assessing distribution losses only as a proportion of heat demand is
not accurate though. The same absolute losses would represent a
much higher proportion of heat demand for ultra-low energy
buildings compared to ‘business as usual’ or existing buildings.

We recommend that heat losses are calculated in absolute terms and
a network specific loss factor calculated from the actual predicted
system losses and the actual predicted heat demand of the homes
connected to the network.

13.0 Appendices

Existing buildings

Ultra-low energy buildings

. Heat demand of homes

. Total distribution heat losses from heat network

Distribution losses of a heat network do not vary with heat demand: the smaller the heat demand, the
higher proportion distribution losses will be
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Distribution losses | A better understanding of absolute losses and what applicants need to provide

The end user load: Space

heating demand + diversified \ HIU constant losses is added to
DHW. (E.g. 30kWh/m?/yn) = Unit HIU the demand from the home. E.g.
Good' performance HIU could
Tertiary be equivalent to 4kWh/m?/yr

If the system is designed to

conform to CP1, in this
example the Energy centre
provides 51kWh/m?

Primary Secondary Secondary losses that occur

within communal areas or inside

Energy Heat  gite/Building the homes contribute to
C substation heati
entre overheating.
L J \ J
! Y

Under the CP1 standard, these
losses must be equivalent to less
than 14 kWh/m?/yr, to not
exceed 50% total losses

Primary system losses:
Typically allowed to be 5%.
In this example this would
be = 3 kWh/m?

Figure 10.2 - Example of distribution losses on a heat network

The applicant’s proposal should state the assumed, calculated or predicted energy demand for each home connected to the network. This should be the space
heat demand and a diversified domestic hot water demand. The losses from the Heat Interface Units (HIU) are included in the heat demand of the home, along
with losses from pipework inside the home.

The proposal should state the primary losses. This is usually given as a % of the heat generated in the energy centre (as opposed to of the heat delivered to the
end user which is used for the other loss calculations) and is calculated by the DH network provider.

The heat lost from equipment and pipework that is on the building side of the heat substation, (or main building heat meter if there is no heat substation) are
secondary losses, up to but not including the heat interface units in each home. The heat substation is usually on the secondary side of the meter but this should
be stated and shown on the schematic and the losses from it accounted for.

For a system designed to conform to CIBSE best practice guide ‘CP1’, the absolute total of the primary and secondary losses should be less than half the total
heating and hot water demand of the homes served.

13.0 Appendices
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Distribution losses | How they are represented in Part L calculations

The difference between the energy entering the distribution network
and that delivered to an end user is referred as 'distribution losses'.
The energy performance of the buildings served — the heat they need
—affects the absolute efficiency that the network is required to
achieve.

These losses relate directly to carbon emissions and although some
can be unavoidable, they can be reduced by suitable techniques and
equipment efficiency.

In a Part L assessment, distribution losses from heat networks are the
combination of primary distribution losses (off-site) and secondary
losses (on-site).

Relevant points of the guidance include:

* For domestic use, assessments carried out using SAP would
represent these losses with the Distribution Loss Factor (DLF),
applicable to domestic and non-domestic buildings.

« For an Ultra low energy home of around 70m? NIA, if the total
demand for the home is 100%, then all the losses within the

system have to sum to less than 50% to comply with SAP 10.2.

+ According to the latest SAP guidance, a default value of 2.0 should
be used for new buildings supplied by heat networks if those are
not designed and commissioned in accordance with CIBSE's code
of practice (CP1).

+ CIBSE design guidance sets a limit for heat losses from pipework
within the building equivalent to 35% of the CCC compliant home.
The guidance also recommends limiting primary pipework losses
to 10% of the heat generated, i.e 15% of heat delivered.

* If the network is designed to CP1, the DLF can be reduced to 1.5.
Evidence must be available from both the network design and
commissioning engineers to validate the design.

* Alternatively, a loss factor specific to the network can be used.

13.0 Appendices

100% — |

> Unit  HIU
[

Tertiary

Primary [:I Secondary

—} Heat

Energy substation Site/Building
Centre

7.5% - 15% <35%

Values in blue boxes should ideally
sum to less than 50%

(SAP 10.2)

Breakdown of distribution losses to comply with the CIBSE CP1 design requirements.
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13.0 Appendices

12.4.2

Heat networks: interim systems
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Interim systems when the network is not ready

Heat networks are large scale installations which generally need a
reasonably significant heat demand in place to function effectively.
Where the network is serving principally new developments, it is often
necessary to have an interim arrangement in place in the early stages
until sufficient accommodation has been built to provide a large
enough load for the final plant. This will often be the case for
networks based around CHP plant.

Conversely, for networks based around Energy from Waste (EfW)
plant, it is often the case that new housing or other developments are
built some years before a planned Energy from Waste plant is built
and operational, due to the long lead times and complex permissions
needed for the EfW plant.

In both instances, an interim system is needed to provide the heat
source to the homes that are built and occupied before the heat
network is fully up and running. Most often, this interim solution will
be gas fired boiler plant because the capital costs are low.

Although the GLA energy assessment guidance states that interim
solutions have to be time limited, the risk is that the interim solution is
in place for many years, or even becomes effectively permanent if the
full system plan is never delivered. This allows the installation of many
gas boilers which do not meet policy requirements for carbon
emissions reductions.

13.0 Appendices

MAYOR OF LONDON HeatMap @

Figure 9.3 - Heat Network Priority Areas cover a substantial proportion of Greater London
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Figure 9.4 - The extent of the existing operational heat networks is very limited, although there
are more networks proposed
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12.4.3

Heat networks: Energy from Waste
and carbon emissions
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Energy from Waste | Carbon factors

Carbon Dioxide emissions

Energy from waste (EfW) plants, where municipal waste is burned to
generate electricity and, as a by-product, heat, are generally
considered to be low carbon heat sources for heat networks.
However, it should be recognised that for each tonne of waste
burned, between 700 and 1,700 kg of CO: is produced (Environment
Agency).

These emissions are attributed to the electricity generated and not to
the heat, so in the inventory of emissions, the heat appears to have
very low carbon emissions. For electricity generation, the CCC have
advised that the EfW generation emissions need to reduce in UK net
zero, so the EfW plant will come under pressure to decarbonise
before 2050. There are two ways to reduce the emissions; reduce the
amount of waste that is burned or adopt a Carbon Capture and
Storage (CCS) technology. Currently, CCS is not available at scale. If it
is developed, it is likely that its operation will be dependent on
having specific geology at the emissions sites where it is used. If CCS
is either not viable, or not possible in the specific location, then either
the amount of waste burned will have to reduce, or the plant will have
to be relocated. Either way, the source of low carbon heat relied
upon by the heat network could significantly reduce or could
disappear entirely, so for any EfW based system, a back up low
carbon heat source should be identified and considered in the
planning.

CO;
700 - 1,700 kg

1 tonne —_— 600 kWh
g0 [==pppna "
éﬁﬁs — | > @ 230kwh

Diagram showing electricity, heat, and carbon dioxide produced through the combustion
of 1 tonne of municipal solid waste in a typical waste to energy plant.
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