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Executive summary
Study aims

The report considers differentoptions for achieving the Greater Manchester Spatial
Framework (GMSF) target for all new developments to be net-zero carbon from
2028. This Part 1 report includes the technical analysis in terms of the on-site new
buildings’ energy and carbon performance levels sought and details the proposed
policy pathway to meeting the 2028 target.

A Part 2 report, written in conjunction with this report, presents all the data and

information for setting up and operating a carbon offsetfund (carbon offsetting was
within the scope of meeting the net-zero carbon ambition)?.

GMSF Objective 7 includes, among other, the following two key elements:

= Promote carbon neutrality of new developmentby 2028
= Improve energy efficiency and the generation of renewable and low-carbon
energy

Carbon neutrality within that context refers to net-zero carbon.

The analysis looks into:

» The target definition

= New domestic and non-domestic building upgrades required to achieve the
target

» Influencing factors

» Potential associated implementation costs both in terms of capital and
operational expenditure

The new domestic buildings’ performance was evaluated using six main housing type

models. These comprised a detached house, an end-terrace house, a mid-terrace
house, an end-terrace townhouse and a small and large mid-floor flat.

The new non-domestic buildings’ performance was evaluated through a literature
review.

! Greater Manchester Combined Authority, Carbon and Policy Implementation Study — Part 2 - Carbon Offsetting
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Policy context

The Greater Manchester Plan for Homes, Jobs and the Environment, revised draft —
January 2019 (GMSF 2019 Draft) Policy GM-S 2 sets the 2028 net zero carbon

target for new developments.

The approach is supported by an energy hierarchy which includes the following
instructions: minimise energy demand, maximise energy efficiency, utilise renewable
energy, utilise low carbon energy, utilise other energy sources. It also provides the

following supportive statements:

» Interim requirement, all new dwellings should seek a 19% carbon reduction
againstPart L of the 2013 Building Regulations

= Where practicable, connectto a renewable/low-carbon heatand energy
network

= Achieve a minimum 20% reduction in carbon emissions (based on the
dwelling emission or building emissions rates) through the use of on-site or
nearby renewable and/or low-carbon technologies

» Include acarbon assessment to demonstrate how the design and layout of the

development soughtto maximise reductions in whole-life CO2 equivalent
carbon emissions

GMSF also notes: District Local Plans may set out specific carbon emission reduction
targets or promote other measures through which energy efficiency of buildings can
be achieved.

In terms of district local plans, available information was reviewed for all ten districts.
Energy and carbon targets presented in the policies appeared well-diverse and in
misalignmentwith the current GMSF target. Furthermore, the technical supportand
planning guidance provided on how the differentregional targets set should be met
made some of the requirements hard to fully understand from an implementation
perspective. Thisis flagged in order to ensure thatthe centralised GMSF target is

properly transposed to the district level, and that regional guidance is updated and
informed accordingly.
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During the delivery of this research report (summer/autumn 2019), new consultation
documents were released in terms of Building Regulations referring to the energy
and carbon performance of new homes (Part L 2020)2. The proposed improvements
within PartL 2020 exceeded the GMSF interim baseline improvementrequirement
(Part L 2020 proposed 20 or 31% improvement against Part L 2013). At the same
time, changes were introduced to the Standard Assessment Procedure (SAP) which
is used to assess and predict the energy and carbon performance of new homes
(SAP10.1). The new assessmentmethod was still on a trial mode during this
research, with limitations existing as to the level of information provided. The report

was subsequently updated to reflect new information available.
Net-zero carbon new developments from 2028

The World Green Building Council’s (World GBC) definition of a net-zero carbon
building is ‘a building that is highly energy efficient and fully powered from on-site
and/or off-site renewable energy sources.’

The currentversion of the Building Regulations sets compliance requirementsin
terms of energy and carbon performance of new buildings based on regulated

energy use. DER/TERS3-based policy targets, therefore, are only relevant for
addressing the predicted regulated energy use.

The UK Green Building Council’s (UK GBC) definition of a net-zero carbon building
sets out two approachesto achieving net-zero carbon.

» Net-zero carbon — construction: When the amount of carbon emissions
associated with a building’s production and construction stages up to practical
completion is zero or negative, through the use of offsets or the net export of
on-site renewable energy.

= Net-zero carbon — operational energy: When the amount of carbon emissions
associated with the building’s operational energy on an annual basis is zero or

negative. A net-zero carbon building is highly energy efficientand powered

2 The Future Homes Standard: changesto Part L and Part F of the Building Regulations for newdwellings, 15' October 2019

® Thetarget CO2 emission rate (TER) sets aminimum allowable standard forthe carbon performance of new homes by using a
‘notional’ building to verify compliance with the Building Regulations. The dwelling emission rate (DER) is the predicted annual
CO2emissionsofthe proposed dwelling, which is then compared in SAP to the TER.
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from on-site and/or off-site renewable energy sources, with any remaining

carbon balance offset.

Currentresearch quantified a policy pathway closely aligned with the UK GBC ‘Net
zero carbon — operational energy’ definition, while setting the future principles of
adding ‘Netzero carbon — construction’ gradually into the objective.

Regulated energy demand:

As calculated for compliance with the building regulations (SAP). Includes energy
used for heating, hotwater, installed services and lighting.

Operational unregulated energy demand:

In the case of residential buildings this includes the energy used by the occupant
during the operation of the house for everyday needs such as computer/phone
charging, refrigerators, washing machines etc.

In the case of non-domestic buildings this refers to small power consumption
(includes computers, server, on-board specialistequipmentand other).

Research main findings

The primary focus of the currentresearch was to assess how technically robustand
cost-viable solutions can address the GMSF energy hierarchy and deliverthe 2028

net-zero carbon new developments target.
Main findings of the research include:

= A carbon metric is a ‘green’ metric, evaluating the impact of different
construction decisions on the environment. In the case of a ‘net-zero carbon-
operational energy’ building, carbon emissions are estimated using the type
and amountof predicted energy use at the time of the assessment (impact of

long-term future grid decarbonisation is notcaptured).
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Consequently,apolicy referring only to carbon performance percentage
improvements is not areliable policy for addressing the energy
hierarchy or delivering the full benefits of net-zero carbon from 2028
(which include high quality, introduction of resilient solutions and

achieving low running costs).

» In addition, it was identified that any renewable/low-carbon energy
use/generation policy requirement should be disassociated from a carbon
performance-driven target and should be moved to minimum energy
generation/use requirements through specification of minimum amounts of

photovoltaic panels (PV) installation in its simplest form?,

If a Merton-type ruleis introduced this needs to be based on eithera minimum
percentage of regulated energy demand covered through on-site renewable
energy generation or a percentage of roof space covered with PV. A
percentage carbon performance contribution (DER/TER) based on the
‘use of renewables’, is not only confusing and open to misinterpretation
butis also not areliable policy for addressing the GMSF Objective 7

supporting increased renewable energy generation.

» Therenewable heat generation from heat pumps can be used within the
DER/TER target calculations and for the renewable heatincentive calculations
butitneeds to be separated from a PV or similar electricity generation

target.

There are two main reasons for this. Firstly, the amountof renewable
electricity generation (PV) can support lower running costs, while the benefits
realised in terms of carbon reductions will appear reduced (decarbonising

electricity grid).

“ Alternative on-site energy generation measures can be considered. Due to the wideadoption of PV as the primary on-site
renewable energy generation technology, a PV installation target was evaluated and suggested within the report.
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Secondly, the renewable heat contributions of the heat pump, while leading to
large carbon savings when compared to gas-based heating and hotwater

solutions, do not necessarily translate into low running costs.

This is because the technology operates using electricity (higher cost than
gas). The concept of ‘renewable heat’ from heat pumps does not refer to an
exclusively renewable source of energy, ie withoutsome external source of

electricity it could not operate.

= Affordability in the sense of low running costs, specifically in the case of

domestic buildings, is key from a social value perspective.

While SAP 10.1 will introduce an affordability calculator, itis not yet very clear
how this will be progressed moving into the future. Atthe same time a

potential performance gap could translate into increased running costs.

It is advised that local policy reiterates that importance and potentially
introduces a ‘safety net’ policy requirement in the format of ‘no new
home should be expected to have annual bills higher than a Part L 2013
gas-based boiler solution (using the 2020 gas and electricity price

rates)’.

= Aninterim performance improvement step is introduced in 2025. The
introduction of the interim step has two distinct benefits. Firstit follows the
Future Home Standard (Part L 2025) introduction, allowing for a policy

revision.

Second, it produces a ‘checkpoint’ opportunity to evaluate policy success,
gradually improve required energy and carbon standards and reassess the
new construction landscape. The carbon offset fund also becomes

operational at the same year (2025).
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= Post-2028, all new developments can align with the net-zero carbon-
construction UK GBC requirements through simple adaptation of previously

implemented policy requirements and the utilisation of the carbon offset funds.

New policy provisions, addressing the different stages of a whole-life carbon
assessment: monitoring of performance and offsetting of construction
related emissions, energy storage and embodied carbon willneed to be

introduced.

Furtherresearch will be required (2020-2025) on how to transition to that
stage, and the calculation methods thatwill be required from a planning

perspective.
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Policy Pathway 2028 net-zero carbon developments - recommendations

Please see Figure 1 for additional details.
Stage 1 (2020 — 2025)
It is recommended that the policy considers the introduction of the following:

= Domestic buildings

v" New houses: energy required for heating as calculated within SAP 2012
Box98 or equivalent at later SAP versions should not exceed 30kWh/m? per
year.

v" New flats: energy required for heating as calculated within SAP 2012 Box98 or
equivalentatlater SAP versions should notexceed 25kWh/m? per year.

v' Domestic hot water (DHW) energy-saving measures should be supported —
with a guideline target of 20% reduction in expected DHW grid energy demand
compared to the Part L 2013 concurrent notional building recommended (or
mandated).

v' Renewable energy generation (PV), if mandated, should be expressed in the
sense of minimum installed capacity. For example, in the case of PV —
minimum % of the roof space area targets can be introduced (20-40% of total
roof area). An initial PV installation requirement of up to 20% of total roof
space with a caveat around technical feasibility is considered a good starting
point. Please note that any benefits from the PV generation should be
allocated to the occupant — direct energy use and store on site is also
recommended.

v It is recommended that in terms of carbon performance targets the policy
alignswith the Part L trajectory (current Part L 2020 consultation likely to be a
20% or 31% reduction over the current Part L 2013).

v" Reporting of quality assurance processes targeting a performance gap

minimisation is strongly advised.
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Non-domestic buildings

v Itis recommended that in terms of sustainability targets a non-domestic

BREEAM minimum rating of ‘Very Good’ is considered®. Carbon requirements-
wise within the ‘Very Good’ target a mandatory requirement for achieving
the BREEAM ‘Excellent’ minimum standards, 4 credits for Energy
Performance within the ‘Ene 01 - reduction of energy use and carbon

emissions’ is advised to be implemented.

Stage 2 (2025 — 2028)

It is recommended that the policy considers the introduction of the following:

Domestic buildings

v" New houses: energy required for heating as calculated within SAP 2012

Box98 or equivalent at later SAP versions should not exceed 20kWh/m? per
year.

New flats: energy required for heating as calculated within SAP 2012 Box98
or equivalentat later SAP versions should not exceed 15kWh/m? per year.
Domestic hot water (DHW) energy-saving measures should be introduced (or
tightened if they have been introduced before) —a minimum of 20% DHW
grid energy demand reduction compared to the Part L 2020 should be
considered. Additional research on technical solutions and costimplications is
recommended in case the Future Homes Standard 2025-approved minimum
requirements reflect a large improvement over the Part L 2020 DHW energy
requirements.

PV installation requirements to increase to up to 40% of total roof space as a
minimum, with a caveat around technical feasibility. Please note that any
benefits from the PV generation should be allocated to the occupant —
direct energy use and store on site is also recommended.

The Carbon Offset fund is introduced and should become operational (2025).
It is recommended that in terms of carbon performance targets the policy

alignswith the Part L trajectory and the Future Homes Standard targeting ~70-

® The overall BREEAM rating is not specific to the carbon and energy performance of buildings. The current research
investigated the GMSF requirement for net-zero carbon buildings. Therefore, only the suggested BREEAM energy and carbon
requirements are relevant to the policy recommendations.
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80% improvement over Part L 2013. The policy should require for all
remaining emissions (regulated and operational unregulated) to be offset
off-site through the use of the Carbon Offset fund®.

It is recommended that the policy requires any specific performance gap
minimisation provisions to be provided by the developer through a written
statement during the planning application.

It is recommended that the policy considers the introduction of mandatory
monitoring and post-occupancy evaluation standards for major developments.
Reporting of quality assurance processes targeting a performance gap

minimisation is recommended.

Non-domestic buildings

It is recommended that in terms of sustainability targets a non-domestic
BREEAM minimum rating of ‘Excellent’ is considered.

Carbon requirements-wise a mandatory requirementfor achieving the
BREEAM ‘Excellent’ with atleast 6 credits for Energy Performance within the
‘Ene 01 - reduction of energy use and carbon emissions’ is advised to be
implemented.

It is also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the differentbuilding typologies.
This can be found under BREEAM criteria for ‘Ene 08 Energy Efficient

Equipment’. Please note that Ene08 refers only to operational energy use and
does notinclude embodied carbon or whole lifecycle carbon.

® The GMSF targetfor allnew development to be net-zero carbonfrom 2028 introduces carbon offsetting within the scope of
meeting the ambition. Itis advised thatthe Carbon Offset Fund mechanismis introduced in 2025 to allow forcompliance from

2028.

4101145
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Stage 3 (2028 — onwards):

It is recommended that the policy considers the introduction of the following:

- Domestic and non-domestic buildings
v Full alignmentwith the net-zero carbon construction and operation UK GBC

definitions is advised (upon confirmation of project viability and feasibility).

- Non-domestic buildings:

v Itis recommended that in terms of sustainability targets a non-domestic
BREEAM minimum rating of ‘Excellent’ is considered.

v' Carbon requirements-wise a mandatory requirementfor achieving the
BREEAM ‘Outstanding’ 9 credits for Energy Performance and 4 for energy
modelling and reporting within the ‘Ene 01 - reduction of energy use and
carbon emissions’ is advised to be implemented.

v Itis also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the differentbuilding typologies.
This can be found under BREEAM criteria for ‘Ene 08 Energy Efficient
Equipment'.

Additional requirements for consideration (see Policy Pathway, Figure 1):

v It is recommended that the policy considers the introduction of mandatory
decentralised energy storage requirements.

v It is recommended that the policy considers the introduction of mandatory
embodied carbon thresholds.

v It is recommended that the policy considers reduction of allowances in terms
of carbon offsetting to support more on-site delivery.

v It is recommended that the policy considers the introduction of mandatory

monitoring and post-occupancy evaluation standards for most developments.
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Supportive evidence in terms of recommendations provided

The following table provides an easy-to-follow explanation of the differentacronyms

usedto characterise the fabric upgrades reviewed for all new housing type models.

‘ Archetype code

N1

Description

Naturally ventilated house/flat— small improvement of fabric

performance compared to Part L 2013 minimum requirements

N2

Naturally ventilated house/flat— medium improvement of fabric

performance compared to Part L 2013 minimum requirements

N3

Naturally ventilated house/flat— high improvement on fabric
performance compared to Part L 2013 minimum requirements

(close to a Passivhaus fabric performance)

M1

Mechanically ventilated house/flat— small improvement on fabric
performance compared to Part L 2013 minimum requirements,
high airtightness and installed mechanical ventilation heat

recovery system (MVHR)

M2

Mechanically ventilated house/flat— medium improvement on
fabric performance compared to Part L 2013 minimum

requirements, high airtightness and MVHR

M3

Mechanically ventilated house/flat—high improvementon fabric
performance compared to Part L 2013 minimum requirements

(close to Passivhaus), Passivhaus airtightness levels and MVHR

Very High

Mechanically ventilated house/flat— extreme improvement on
fabric performance compared to Part L 2013 minimum
requirements, - Passivhaus airtightness and MVHR — potentially

exceeding Passivhaus performance

4101145
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General comments based on research outputs:

Meeting the highest modelled fabric standard (Very High), including 1.25kWp PV a
heat pump and waste water heat recovery systems, did not increase the additional

construction cost to more than 6% (materials and services) in any of the models.

As heating demand is reduced through fabric measures, main energy demand

derives from a need for hot water generation and use of appliances.

The heating demand levels recommended within the report take into consideration
the cost-effectiveness of the fabric solutions modelled and the small incremental
changes occurring when very high standards are sought compared to the other

energy needs. In that sense the fabricimprovement recommendations derive from
following a balanced heatreduction/cost approach.

In combination with the space heating target, the introduction of arequirementto
avoid the use of fossil fuels and to ensure that modelled energy bills (via SAP) are no
higherthan that of the same home builtto the Part L 2013 standard using gas would
ensure that an efficientlow-carbon heating system (eg a heat pump) is used rather

than gas or a direct electric system.

Once there is experience in delivering more energy-efficienthomes using low-carbon
heating systems, a sensible further step would be to furthertighten the energy
performance standards.

This would have arelatively small impact on operational carbon emission butwould
reduce running costs for residents and help minimise any impacts on the wider

energy system associated with the increased consumption of electricity.

For domestic buildings the main impact on the operational unregulated energy use is
the occupants’ lifestyle. In this case the developer would notbe able to affectdirectly
the levels of consumption through construction choices and only. Most of these
emissions, if included within future policy, will require the use of additional energy

generation on-site and the Carbon Offset fund.
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Operational unregulated energy use, and deriving carbon emissions, in the case of
domestic buildings, would require potentially unattainable amounts of PV installed to
be completely offset (4-5kWp, 30-37 m?2). In the case of high-rise flats, allocating
proportionate ‘roof space’ for PV installations for each flatcould exceed the total roof
space available. Therefore a % of roof space coverage (PV) is recommended as the
preferred policy tool.

Embodied carbon and whole-life carbon emissions: embodied carbon emissions due
to materials used are more relevantto construction choices and should be included

in future policy.

Such an introduction would require additional research to be undertaken forthe
appropriate calculation methodologies and thresholds to be set for policy
development. The earliest thisis initiated, the more experience will be gained in

developing the additional policy requirements.

Whole-life carbon assessments will become mandatory for new developments from

2028 to address the net-zero carbon — construction requirement. An early adoption
for large developments is advised from 2025.

Current policy refers to a carbon assessment to demonstrate how the development

soughtto maximise reductions in whole-life CO2-equivalent carbon emissions.

This can be maintained for 2020-2025 while research is undertaken so the policy

requirementbecomes more specific at a later stage and introduces relevant
thresholds.
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New domestic buildings:

Properties should be designed to benefitfrom the carbon-saving opportunity
presented by low-carbon heating systems while maintaining affordable running costs.
They also need to be easy to operate and maintain with a reduced impact on the

national grid.

This requires a combination of energy efficiency targets and the use of renewables.
This should be achieved while minimising the potential for complication and
performanceissuesin useandso it is prudent to avoid introducing too many new

systems and building methods at the same time.

v' Heating energy demand

Maximum space heating demand targets of 30kwWh/m2.year for houses and
25kWh/m?2.year for flats (prior to considering any system efficiencies, SAP Box 98)
from 2020 were achievable in all naturally ventilated domestic models tested and are
considered a proportionate initial step in reducing energy use, supporting the use of
low-carbon heating while minimising the short-term impact of adopting and

integrating too many new technologies.

Tightening up the maximum space heating demand targets from 2025 at
20kWh/m2.year for houses and 15kWh/m2.year for flats (prior to considering any
system efficiencies, SAP Box 98) were achievable in all archetypes tested using
mechanical ventilation systems (and associated high air-tightness levels) and are
considered a proportionate next step in furtherreducing energy use, and are in line
with the Committee on Climate Change recommendations. A summary of the
differentmodelled archetypes space heating demand performances compared to the

thresholds recommended above is shown in the graph below.
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The graph above shows the Space Heating demand outputs of the various, models as explained laterin the report.
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In term of the additional construction costexpected to be incurred by meeting the
suggested thresholds, thiswas calculated based on the cost of a Part L 2013
notional building (meeting minimum regulatory requirements). The average fabric
upgrade cost for each housing model archetype is provided below (see Appendix C —
Tabulated domestic models cost data).

Please note:

» Efficientforms such as the mid-terrace house and mid-floor flats can meet the
Stage 1 standards using an N2 specification (naturally ventilated).

» The use of mechanically ventilated systems to meet Stage 1 thresholdsled to
substantial cost reductions in the case of the least efficient housing archetype
forms (detached and end-terrace properties).

= On anumberof occasions, a range of fabric improvements is noted as
applicable (eg N2 to N3). Thisis because marginal improvements over the
lower specification indicated can meet the standard. Therefore, the upgrade
cost is expected to be somewhere between the range provided and closer to

the lower end of the range.
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The following table shows additional costs to deliver the housing models under

review, as explained in more detail later in the report.

Stage 1

<30kWh/m2 Houses

<25kWh/m2 Flats

Stage 2

<20kWh/m?2 Houses

<15kWh/m2 Flats

Archety | Naturally ventilated |Mechanically [Naturally Mechanically
pe ventilated ventilated |ventilated
Fabric Additional [FS [AC FS |AC |[FS AC
Standard| Cost
(FS) (AC)
Detach | N3 ~ £4,900 M1 |~ - - M2 to |~ £4,650 to
ed £2,600 M3 £6,200
End- N3 ~ £3,300 M1 |~ - - M2 to |~ £3,550t0
terrace £1,950 M3 £4,400
Mid- N2 ~ £1,700 M1 |~ - - M1 ~£2,100
terrace £2,100
End- N2to N3 |~£1,700to |[M1 |~ - - M2 ~ £2,900
terrace £3,000 £1,500
Townho
use
1B Flat | N2 ~ £800 M1 |~ £950 |- - M1l to |~ £950 to
M2 1,300
2B Flat | N2 ~ £1,250 M1 |~ 1,150 |- - Mlto [~ 1,150t0
M2 1,800
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v Renewable energy generation
An introduction of a Merton Rule for PV can be based on available roof space. An
initial introduction of a 20% coverage can be introduced in 2020-2025 followed by an
increase to 40% during 2025-2028.

It needsto be noted that the cost implication of such arequirementwill vary based on
the available roof space of the new houses or flats and the amount of PV that this
translates into.

As an example, in the case of the detached house (based on ground floorarea as a
proxy to a flat roof area of 58.4m?) 20% would translate into ~1.6kWp of PV installed
and 40% into ~3.2 kWp of PV installed at an additional construction costof ~£2,285
and £3,470 respectively.

v' CO2e emissions (Table 12)
All new domestic models tested easily met a 20% regulated carbon emissions
reduction utilising the N2 fabric standard and a gas boiler, while this reduction was
increased to > 70% regulated carbon emissions reduction when a heat pump solution
was used.
All new domestic models tested easily met a 31% carbon emissions reduction
utilising the M2 fabric standard and a gas boiler, while this reduction was increased
to > 75% regulated carbon emissions reduction when a heat pump solution was
used.
Predicted carbon emissions heavily relied on the carbon intensity of the grid/fuel
used during each review period.
It needs to be noted that for housing a fabric first approach — securing heating
energy demand targets is considered the most robust method moving forward
(energy demand reduction through passive measures should be as a priority, and

then low and zero-carbon energy should be used to cover the remaining needs).
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New non-domestic buildings:

Research project BREEAM performance recommendations as shown before, for up
to 2028, could roughly cost up to 4% of the construction costs. Please note that this
will heavily depend on the size, location and type of non-domestic buildings

delivered.

Post 2028-recommendations cost impact will need to be reassessed as more

information becomes available (including additional policy elements introduced).

In term of non-domestic new buildings, a literature review analysis indicated thatan
upliftassociated with achieving a 15% energy efficiency target would cost between
£37 and £59/mZ.

In many buildings this additional costcould be under 1% subiject to its location, the
base design and experience of the design and construction team. In general, lower
uplift percentages will be seen in town centre buildings as these will have a higher
base cost and levels of servicing.

As noted in 2017, the average energy efficiency saving in non-domestic buildings in
London was 19.2% beyond the requirements of building regulations making such
options technically feasible in GMSF’. Energy use in non-domestic buildings is highly

variable depending on the building type and design aspiration.

The cost and potential for achieving savings beyond the requirements of Part L2013
will therefore depend on building type and design decisions. For example, the nature
of energy demand (for heating, cooling, lighting and other) will be influenced by the
intended building use, the extent and orientation of glazing and any associated
shading, and plan depth.

7 The directapplicability of savings seenin London within Tunbridge Wells may vary in some instances as the form of non-
domestic developments may differ; however, analysis suggests that significant savings are possible through improved lighting
and HVAC system and controls for awide range of non-domestic buildings.
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Substantial energy-efficiency savings are typically achievable in office and retail
buildings, butother building types such as schools and particularly hotels may find it
more difficultto achieve energy-efficiency savings because of the specific nature of

their demand, eg the dominance of hot water supply as an energy source in hotels.

Quality assessment

As the electricity grid is expected to continue to decarbonise, it is also expected that
a lot of new buildings will be occupying all electric solutions to achieve the different
sustainability (energy and carbon) standards.

This could lead to a strong focus on energy efficientheating and hot water generation
services. It is recommended that additional research is conducted on how best to
accommodate for these new technological needs locally (skills, knowledge, grid

capacity) as well as to ensure that the construction quality remains of a high
standard.

A carbon-only metric can mask knock-on effects including increased
operational costs, electricity grid upgrade requirements and evaluation of

performance of fabric and services in-situ (performance gap).

Actual delivered quality of buildings should be of prime focus. New buildings within
the area should be delivered following robust quality assurance (QA) frameworks.
For public buildings, energy and carbon performance monitoring is advised.

Planning requirements for developers, including a request for description of methods
and processes in place to reduce a potential performance gap, could be considered.

Softlandings and post-occupancy evaluations also need to be considered, initially
broughtin as good practice and a recommendation (2020-2025) in order to assess
delivered standards, or in support of planning applications. Written statements on
how a potential performance gap is avoided will need to accompany the planning
application, with monitoring requirements imposed for large developments. As with
any planning policy, the effectiveness of carbon and energy reduction standards is

dependenton their effective delivery during design, construction and handover.

4101145 www.curriebrown.com | page 23



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

The increasing use of newer building solutions such as heat pumps (air source heat
pumps — ASHP) and mechanical ventilation heatrecovery (MVHR) systems together
with any requirementfor highly energy-efficient fabric standards will make it even
more important that designs are robust and that technologies are integrated
effectively. For example, ASHP systems should be designed to operate at lower
temperatures, must be paired with sufficiently sized heat emitters (eg radiators or

underfloor heating), and the external unitshould also be located so as to avoid
potential noise disturbance to neighbours.

Similarly, MVHR systems should be designed so that they remain within the insulated
envelope (or have insulated ducting) so that filters can be readily accessed and

changed.
Affordability (running costs)

In all housing models, the move to an ASHP with a coefficient of performance of 2.5
led to higherannual energy bills if no additional solutions were implemented. This

was roughly £150-200 per year in houses for regulated energy use and £50-150 in
the case of flats for regulated energy use.

It is worth noting thatheat pump efficiencies are constantly improving and evidence
from the Renewable Heat Incentive (RHI) premium payment scheme suggests that a
heat pump COP of around 3 is possible. The use of heat pumps with a high COP
would mean than even less energy would be required from the electricity grid directly

translating to lower operational energy costs.

When all electric cooking was used in the properties instead of gas an additional

£100-120 cost per year was estimated in most cases (compared to gas cooking
options).

Removing the gas standing charge, no longer required for all electric solutions, would

lead to annual household savings of around £88. PV electricity generation based on
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2kWp for houses and 0.75kWp installed capacity in flats would lead to additional
annual savings of £206 and £77 accordingly?®.

If waste water heat recovery systems were to be installed in the properties, additional

annual savings of £15-25 could be achieved in the case of gas-supported properties,
and £35-55 in the case of all electric properties.

With all of the above solutions considered, moving from N1 to ‘Very High’ fabric
specification (better than Passivhaus) led to annual energy savings of around £90 for
gas boiler-based houses and £55 for flats. The same upgrade in ASHP-supported
models (N1 to Very High) led to annual savings of around £150 in both houses and

flats.

It is recommended that when all electric solutions are considered, as in the case of
heat pumps, special consideration is given to potential impact on running costs. This
is why it was suggested that for regulated energy use, annual running costs
estimated in SAP for the new designs are no higher than that of the same home built

to the Part L 2013 standard using gas.
Changesin carbon intensity of electricity

The impact of the potential electricity grid decarbonisation was evaluated using

currentand future SAP carbon factors running to 2035 and Treasury Green Book
carbon factors running from 2035 to 2050.

Currently, SAP does not recognise the dynamic profile of energy demand, daily
variations in peak loads, and their impact onto the carbon intensity of the grid.

The currentresearch assessed the carbon performance of new domestic building
models using the government-approved methods — outputs of which are used within

the planning applications.

As it was identified in the case of new domestic buildings, small fabric upgrades
would be required to address the Part L 2020 20% or 31% carbon performance

improvements (2013 baseline).

8 Please note thatbased ona 7.3m2 per kWp PV thatwould equate to almost 5.5m? of flat roof area perflat. Depending onthe
total roofarea and the number of flats it may not be feasible in the case of high-rise developments to allocate the required PV
amountper flat.
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This refers to regulated energy only as SAP does not produce operational

unregulated energy thresholds. The current GMSF policy based on DER/TER
targets refers to regulated energy use only too.

It needs to be noted that operational unregulated energy demand is not affected by
the construction standards and choices butthe occupants’ lifestyle. Furthermore, the
only way that operational unregulated energy use can be net-zero carbon is by
offsetting the energy demand through the use of electricity generation on site (PV) or
through the use of a Carbon Offset fund.

Meeting further regulated carbon performances improvements, more than 80% in
2025 (2013 baseline — Future Homes Standard), could be achieved using small

fabric performance improvements (similar to standards used today) with the addition
of a highly efficientheatpump (COP >3), (Table 12).

Also, while of benefitto the carbon performance predictions for new all-electric
building services, the ever-reducing carbon factors of the electricity grid had a

‘negative’ effecton the ability of the PV to offset remaining carbon.

This was because currentmethodology (SAP) assumes carbon savings from PV
based on the carbon intensity of energy saved from the grid. As the grid continues to

decarbonise, the carbon savings attributed to PV reduce.
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Key points:

A carbon-driven policy objective is expected to be initially delivered through the use

of all electric solutions.

The focusis expected to be on extracting the carbon benefits of an ever-

decarbonising electricity grid combined with the cost-effectiveness of heat pumps.

It is expected that such solutions will be commonly used by the developers to
address the policy requirements. Nevertheless, it doesn’t mean that energy required
to operate the building and associated costs are reduced. Energy demand reduction
targets should always be prioritised through cost-effective long-lasting solutions
(fabric first).

The impact of a fabric first approach for housing, one of the most robust methods to
secure energy and carbon savings through space heating demand reduction, as well
as to secure a comfortable and affordable-to-run internal environmentforthe

occupant, was obvious in the research results - especially in the case of the less-
efficientforms (detached, end-terrace houses).

The impact of the increased efficiencies achieved by some services, as in the case of
heat pumps, in combination with the potential decarbonisation of the grid, led to

substantial carbon performance improvements even when energy demand
requirements remained constantin time.

Withoutan energy demand metric in place, especially focusing on reducing the
heating energy demand for homes, knock-on effects on running and operational
costs are likely to occur.

In general, energy demand reduction and energy generation targets are key and

should be clearly introduced along with any carbon emission reduction targets.
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Upskilling and knowledge

Furthertraining around installation and commissioning skills will be required to
ensure products such as mechanical ventilation systems and heat pumps are

installed correctly and are fully optimised.

A changein cultureis required to ensure more ownership across the design and

construction process, including accountability of the efficiency of the end-built
product.

A stepped implementation of requirements, as identified within the report, along with
the production of supplementary planning guidance will supportthe smooth transition
to the 2028 target.

Performance monitoring and QA processes will enable the better evaluation of
overall policy steps implementation success. They will also ensure thatthe right

measures are putin place and will supportthe early identification of shortfalls.
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1. Introduction
1.1 Research objectives

To consider how planning policy can help gradually reduce carbon emissions from
new developments within Greater Manchester and meet the target for all new
developments to be net-zero carbon by 2028. The research was undertaken by
Currie & Brown on behalf of Greater Manchester Combined Authority (GMCA) and
was conducted during July to October 2019.

1.2 Research methodology

The following research components supported the development of a detailed

analysis framework and the production of all relevantoutputs. These were:

= Scoping activity

A review of relevant national and local policies and guidance documents.

= Housing design archetypes (development)
Typical construction designs for Greater Manchester were selected based on

Currie & Brown work undertaken for Part L 2013.

Their form and size applicability for the Greater Manchester environmentwere
reviewed through the assessment of information collected from recent Greater

Manchester new housing development planning applications.

Housing archetypes evaluated within the research include a typical detached
house, end-terrace house, mid-terrace house, end-terrace townhouse, a small
(1 bed, 43m?) and a large flat (2 bed, 70m?).
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Housing models energy and carbon performance
Housing design archetypes were modified in terms of fabric and services
specifications used to produce differentenergy and carbon performance

models.

The archetypes were modelled using the Standard Assessment Procedure
(SAP) 2012, while compliance baselines were assessed against the current
Part L 2013 minimum requirements. Future carbon performance was

evaluated through the use of appropriate government predictions.

Non-domestic buildings energy and carbon performance
Energy and carbon levels, associated improvement costs and evaluation of

relevant standards were identified and produced through a literature review.

Construction and running costs

Housing construction costs (fabric and services) followed an elemental costing
approach, as detailed within the relevantsection. Thisincluded using the in-
house Currie & Brown construction cost database and expertise. Running
costs were estimated using SAP energy demand predictions for both regulated

and operational unregulated energy use.

Because the timing of the report writing coincided with the publication of proposed

changes within Building Regulations, the impact of the ‘Future Homes’ Standard’

consultation options and changes within SAP carbon emissions factors were also

assessed and discussed.
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2.

2.1

Scoping activity

Summary of findings

Key findings — sections:

2.2: Net-zero carbon new developments from 2028

Greater Manchester energy demand could increase by 3% due to new
developmentrequirements if a business-as-usual activity was followed.
Delivering the ‘netzero carbon for new developments’ 2028 target is critical
in meeting Climate Change obligations.

Achieving the net-zero target is supported by an energy hierarchy
referenced in the Greater Manchester Spatial Framework (GMSF) (Revised
Draft, January 2019).

The energy hierarchy s in line with industry best practice and the London
Plan guidelines. Areas open to interpretation were noted and discussed.
Policy GM-S 2 Carbon and Energy within the GMSF introduces an interim
new housing performance target of 19% - carbon performance improvement
compared to Part L 2013. As noted, 20% of the 19% improvement should
derive from on site or nearby renewable and/or low carbon technologies.
Planning requirements in terms of energy and carbon performance of new
developments, as identified within the ten Greater Manchester districts,
included a number of inconsistencies both when compared againsteach
other, as well as againstthe GMSF guidelines. Out-of-date policy references
were identified in various instances, as well as loose terminology and
complicated compliance criteria (including operational unregulated energy

references or Merton-type rules).
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‘ Recommendations

The unifying carbon and energy policy trajectory expected to be introduced
with the GMCA should be clearly established and mustbe easy to
follow/understand. Please refer to the policy pathway suggested within the
report to address the requirement.

Based on the energy hierarchy the policy trajectory should seek to deliver a
‘fabric first’ approach, supported by energy demand and carbon emissions
reduction targets.

Targets in terms of renewable energy generation on site should be
separated from the conceptof % carbon emission reductions and noted
individually. This would improve simplicity and will ensure thatrenewable
targets are not ‘gamed’.

Carbon and energy performance requirements for new buildings needs to be
clear. The two terms need to be separated and explained. This should
include specific ‘fabric’-based predicted energy demand reduction targets as
well as overall carbon emissions reduction targets.

Delivering net-zero carbon from 2028 includes within its scope the
introduction of carbon offsetting funds. Detailed relevant guidance based on
the Part 2 outputs of this research needsto be produced.

Using percentages to evaluate carbon performance improvements expected
from new buildings against Part L 2013 requirements will be impacted by
changes within the regulations and the grid decarbonisation. A mechanism
to address this should be introduced.

Consider producing appropriate detailed compliance guidance for planning
officers and developers if more than one performance metric is introduced
(energy demand, primary energy, affordability, carbon performance,

minimum energy generation, etc).
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2.2 Net-zero carbon new developments from 2028

2.2.1 Greater Manchester Spatial Energy Plan (2017)°

The Greater Manchester Spatial Energy Plan states that there is a high disparity in
energy use between boroughs with Manchester using 2.5 times more energy than
Oldham, the district with the lowest energy consumption. Greater Manchester uses
3% of the total UK energy use.

Greater Manchester housing stock is predominantly pre-1980s, with Manchester and
Salford having the largest proportion of newer stock.

The largest proportion of older stock is within Trafford and Stockport. The vast
majority of current homes in Greater Manchester are likely to exist in 2050; therefore,
identifying the most cost-effective pathways for domestic retrofit is essential. A whole
system approach is key to meeting the long-term decarbonisation targets.

Differentfuels are used depending on the service they provide. Gas is primarily used
for space and water heating and is the predominantfuel in Greater Manchester

making up 42% of total energy consumption.

Electricity makes up 23% of Greater Manchester’s total energy consumption. 28% of
Greater Manchester's annual energy consumption is transport fuel. Other fuel makes
up the remaining 7% of energy consumption in Greater Manchester.

While 95% of postcodes in Greater Manchester are connected to the gas grid, coal
and oil heating are still a significant part of the energy mix in some districts. These
areas often have domestic buildings with poor thermal efficiency and high
levels of fuel poverty.

New development is estimated to increase energy demand by 2,400 GWh/yr which
couldincrease carbon emissions by 0.4 MtCO2/yr under business-as-usual activity.
This is equivalentto a 3% energy increase if no other factors are taken into account.

® https://es.catapult.org.uk/news/greater-manchester-spatial-energy-plan-full-report/
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2.2.2 Tyndallresearch for Greater Manchester (2019)

The Tyndall Centre is a consortium of universities sharing research and developing

sustainable responses to climate change.

Tyndall Manchester conducts research on topics such as carbon budgets and

pathways, achieving rapid decarbonisation and negative emissions technologies?°.

The recent ‘Quantifying the implications of the Paris Agreement for Greater
Manchesterreport’! produced advice on taking prompt action to put Greater
Manchester on a path to carbon neutrality by 2038.

2.2.3 5-Year Environment Plan for Greater Manchester, 2019-202412

The 5-Year Environment Plan for Greater Manchester, 2019-2024 sets outthe
actions, steps and challenges presentin meeting the 2038 carbon neutral regional
target.

The target is based on evidence produced by the Tyndall Centre for Climate Change
Research. Models of potential emission reductions pathways are presented as well

as areas of priority for action13.

2.2.4 Climate Emergency declaration by Greater Manchester Combined
Authority (GMCA) - July 2019

The declaration of a climate emergency was made by the Greater Manchester
Combined Authority (GMCA) on 26 July 2019. It follows the launch of the five-year

environment plan ‘5-Year Environment Plan for Greater Manchester, 2019-2024".

Urgentaction is needed to put Greater Manchesteron a path to carbon neutrality by
2038. The motion states that the GMCA will "take a mission-based approach to
achieving this target date as part of the Local Industrial Strategy agreed with
Government,” and to ensure that GMCA "maximises the economic opportunities

presented by the move to carbon neutrality."

19 TyndallManchester (2019) Carbon budgets and pathways https://mww.tyndall.manchester.ac.uk/research/themes/carbon-
budgets-pathways/

1 Kuriakose, J., Anderson, K., Broderick, J. & McLachlan C. (2018) Quantifying the implications of the Paris Agreement for the
city of Manchester http://www.manchesterclimate.com/sites/default/files/Manchester%20Carbon%20Budget.pdf

2 5_Year Environment Plan for Greater Manchester https://greatermanchester-ca.gov.uk/media/1986/5-year-plan-branded_3pdf
3 Anthesis Group, Scatter for GMCA, June 2019
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2.2.5 Greater Manchester Spatial Framework (GMSF)'#4 Revised Draft —
January 2019

The plan sets out proposals to support the Greater Manchester ambition to be a
carbon-neutral city-region by 2038. A key element of this is to require all new
developments to be net-zero carbon by 2028 and to keep fossil fuels in the

ground.
Policy GM-S 2 Carbon and Energy

Policy GM-S 2 Carbon and Energy of the GMSF recommends an initial 19% carbon
performance improvement compared to Part L 2013. 20% of the 19% improvement

should derive from on-site or nearby renewable and/or low-carbon technologies.
Guidelines provided in terms of the energy hierarchy to be followed includes:

= Minimise energy demand
= Maximise energy efficiency
= Utilise renewable energy
= Utilise low-carbon energy
= Utilise other energy sources

In addition, it advises on the following:

» Incorporate adequate electric vehicle charging points to meet likely long-term
demand

= Where practicable, connectto a renewable/low-carbon heatand energy
network

= Achieve a minimum 20% reduction in carbon emissions (based on the dwelling
emission or building emissions rates) through the use of on-site or nearby
renewable and/or low-carbon technologies; and

» Include acarbon assessment to demonstrate how the design and layout of the
development soughtto maximise reductionsin whole-life CO2-equivalent
carbon

emissions

1 https://Iwww.greatermanchester-ca.gov.uk/what-we-do/housing/greater-manchester-spatial -framework/gmsf-full-plan/
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= District local plans may set out specific carbon emission reduction targets or
promote other measures through which energy efficiency of buildings can be

achieved.

Fabric & Ventilation

Be Lean
Fabric First Reduce Heating and
Cooling Loads
Reduction & Generation
Energy Be Clean & Green e
Efficiency System Efficiency Increase
Energy Generation I

Carbon Offsetting
Allow for the remaining

Offsite Solutions

carbon to be cost- I
effectively addressed I

offsite.

Figure 2 - Schematic interpretation of the GMSF energy hierarchy (Currie & Brown)

Figure 2 summarises the main points of the Policy GM-S 2 Carbon and Energy
hierarchy, as interpreted by Currie & Brown researchers, in alignmentwith London

Plan guidelines.

While in principle the hierarchy sets out an energy demand reduction -based pathway,
the potential interpretation of the energy hierarchy was analysed and is presented in

the following sections.
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2.2.5.1 Minimise energy demand

A fabric first approach, as commonly referred to within literature, involves improving
the thermal envelope of a building in orderto reduce its energy demand for heating. It
ensures that solutions are long-lived, and thatlittle maintenance is required to retain

these benefits.

Energy demand can also be minimised through the utilisation of low and zero-carbon
technologies such as heat pumps. Because of their ability to perform with a higher
than 100% efficiency they can reduce the amountof energy required from the grid to

deliver the same amountof energy demand (covers heating and hotwater
generation).

In addition, energy recovery technologies such as mechanical ventilation heat
recovery (MVHR) and waste water heat recovery systems (WWHR) can further
reduce expected energy demand because of their ability to recover energy from
differentenergy loss processes (hot air and water energy dissipation).

Finally, energy-efficientlighting and appliances also lead to energy demand
reductions.

In that sense minimising energy demand and maximising energy efficiency
become overlapping/complementary statements referring to the same or

similar principles.

It is expected that minimising energy demand within the context of the policy
statement refers mainly to a fabric first approach.

Additional wording will need to be developed to clarify the statement.

2.2.5.2 Maximise energy efficiency

Energy efficiency refers to the ability to optimise energy use. According to the EU
Energy Efficiency Directive: ‘use energy more efficiently atall stages of the energy
chain —from the transformation of energy and its distribution to its final
consumption.’t®

5 European Commission (2012) Energy efficiency directive htips://ec.europa.eu/enerqgy/en/topics/enerqy-efficiency/targets-
directive-and-rules/energy-efficiency-directive
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Complementary to the policy requirementfor ‘minimising energy demand’,
maximising energy efficiency in terms of new development could refer to
supply/demand controls of installed systems, energy-efficientinstalled services and

the use of renewable technologies.

Within the currentcontext it would most likely support or should be interpreted as the

installation of better performing and more efficientheatand hotwater generation
systems.

Additional wording will need to be developed to clarify the statement.

2.2.5.3 Utilise renewable energy

Renewable energy commonly refers to energy generation through renewable energy
sources. These commonly include solar, wind, hydro, tidal and other.

In general, they consist of types of energy that can be extracted with no negative

climatic impact (CO2¢) as opposed to the combustion of fossil fuels.

While renewable energy is produced through such means as the ones described

above, some technologies can also be considered as ‘renewables’ from a renewable
heat generation perspective.

As stated within the Domestic Renewable Heat Incentive 6 guidelines, heat pumps
and biomass boilers would qualify as renewable heat generating technologies.

The interpretation of this step of the energy hierarchy would commonly include:

» The installation of energy generation technologies, with photovoltaics most
commonly used
» Potential installation of heat pumps

= Use of existing or development of new heating networks supplying renewable
heat

'® Energy Saving Trust (2019) Renewable Heat Incentive https://www.energysavingtrust.org.uk/scotiand/grants-
loans/renewables/renewable-heat-incentive
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It needs to be clarified that current wording refers to utilisation of renewable
energy, and not generation or implementation of technologies capable of
generating part of the predicted energy demand of the developmentfrom

renewable energy resources.

2.2.5.4 Utilise low carbon energy and other energy sources

Low-carbon energy would refer to energy generated through such meansthatthe
generation, distribution and utilisation of the energy would have areduced

environmental, in terms of CO2e, impact.

Whileitis not clear whatthis actually means in terms of technical solutions to be
implemented (centralised CHP and heating networks may be some of the options)

the continuous decarbonisation of the electricity grid could supporta move towards
all electric solutions.

Alternative energy sources are notcovered within the modelling undertaken. These

may include fuel cells and hydrogen boilers.

2.2.5.5 Carbonreduction 19% interim requirement

A 19% carbon reduction againstPart L 2013 of the Building Regulations refersto a
written ministerial statement on plan making, 25 March 2015, setting out central

government’'s expectations on local policy requirements.

The statement specifies that local carbon and energy policies should notbe used to
set conditions on planning permissions with requirements above the equivalentof the
carbon emissions requirementof Level 4 of the Code for Sustainable Homes?/ (this is

approximately 19% above current Building Regulations across the build mix).

Nevertheless, provisions in the Planning and Energy Act 2008 still allow local plan
policies to impose reasonable requirements for a proportion of energy used in

developmentin their area to be energy from renewable sources and/or to be low-
carbon energy from sources in the locality of the development.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/315504/250414 _Code_Ad
dedum 2014 Combined Final V10.pdf
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At the time of the report writing, local authorities maintain the power to impose higher

than the Building Regulations’ performance requirements in terms of renewable
energy generation and fabric energy performance.

Within the Future Homes Standard!® consultation document, itis stated that such
powers may cease to exist as the building regulations move forward to requesting

higher energy and carbon performance standards from new buildings.

The Future Homes Standard consultation also discusses a CO2e uplift expected

through the introduction of PartL 2020 of 20 to 31% compared to Part L 2013
(SAP10.1 carbon factors used).

In that sense, the interim GMCA requirementwould fall short of the new minimum
compliance requirements if Part L 2020 is implemented as described within the

consultation and if the GM target was to remain the same (19% carbon emissions
reduction compared to Part L 2013).

2.2.6 Existing policies within the ten Greater Manchester districts

Specific policy requirements were extracted from publicised data for all ten districts of
Greater Manchester. These are listed in Table 1.

The main findings include:

= A number of policies included arequirementfor carbon performance
improvements for new developments of 10-15% over the now out-of-date Part
L 2010.

» Special consideration was given on a number of cases on connectivity of new
developmentto district heating networks'®. In some instances, it was
suggested that if a district heating system was notin place, the services
strategy of the new developmentshould allow for later connectivity once one
in close proximity has been developed.

* In some cases, the differentiation between levels of carbon performance
improvement required was based on the actual energy type; in others a more

relaxed standard for predominantly electricity supplied developments was

8 The Future Homes Standard: changesto Part L and Part F of the Building Regulations for newdwellings
9 Also supported by GMSF, Policy GM-S 3
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used. Thiswas due to the previously high-carbon intensity of the electricity
grid.

» Referencesto abandoned policies asin the case for Zero Carbon Homes from
2016 were noted.

Overall, the policies, while setting the foundations for energy and carbon

performance improvement, were occasionally out of date.

The diversity of targets presented within the policies, and technical detailing on how

targets set should be met, made some of the requirements hard to fully understand
from an implementation perspective.

The variability of requirements and preferred approaches could lead to either
confusion in terms of the differentrequirements within developers’ operation within

the region or could allow space for open interpretation of the requirements.
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Table 1 - Energy and carbon Greater Manchester districts’ requirements

Borough

Ref

Policy requirement

Stockport

Core

Strategy

Minimum target 40% reduction in CO2 emissions over
and above the 2006 target emission rate. This is the
minimum legal target that a developmentwill be
required to meet. The % target is calculated based on
determining the carbon reduction of minimum cost 'on-
site' technologies that meet current North West RSS
target of 10% from renewable energy plus a notional
5% uplift (ie 15% overall). Small developments (less
than 100 dwellings or less than 10,000m2 non-
residential) should connectto any available district
heating networks. Where a district heating network
does not yet exist, applicants should install heating
and cooling equipmentthatis capable of connection at
a later date and which could serve (or could be easily
adapted to serve) that wider network if and when
required. Large and mixed-use developments (over
100 dwellings or over 10,000m?2) should installa DHN

to serve the site.

Trafford

Core

Strategy

Low-carbon growth areas (Altrincham TC, Carrington,
Trafford Park) - where there is potential to delivera
reduction target of up to 15% above currentbuilding
regulations. Outside LCGASs - where there is potential
to deliver a reduction target of up to 5% above current
Building Regs. Major developments classified as more
than ten dwellings or developments over 1,000m? area
are required to demonstrate how they will seek to
minimise their contribution to the effects of climate

change.
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‘ Borough ‘ Ref ‘ Policy requirement

Salford UDP Major development proposals required to demonstrate
how they will minimise their GHG emissions.
Development proposals for more than 100 dwellings or
5,000m? will only be permitted where it can be
demonstrated that:
= The impact on the conservation of non-
renewable resource and on the local and global
environments has been minimised as far as
practicable
= Full consideration has been given to the use of
realistic renewable energy options, and such
measures have been incorporated into the

developmentwhere practicable

Bury Local plan It is proposed that the local plan should include a
2018 policy that seeks to ensure thatresidential
developmentshould be well designed, contributes to
GM zero-carbon targets and makes a positive

contribution to the surrounding area.

Wigan Core Encouraging residential developments of +10 units
Strategy and developments of more than 700m? to produce and
submit a carbon reduction strategy setting outhow the
developmentwill incorporate or make provision for,
subject to viability, decentralised, renewable or low
carbon energy sources to reduce the CO2 emissions
by 15%.
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‘ Borough ‘ Ref ‘ Policy requirement
Bolton Core Ensure thatall proposals for five or more residential or
Strategy 500m?2 non-residential achieve Level 3 Code for

Sustainable Homes or BREEAM ‘Very Good’;
incorporate appropriate decentralised, renewable or
low-carbon energy sources to reduce the CO2

emissions of predicted regulated and unregulated
energy by at least 10%.

Ensure all proposals for five or more residential or
500m? achieve the minimum targets outlined in the
AGMA decentralised energy strategy; and connectto
existing or planned/potential decentralised schemes

where appropriate.

Tameside | Decentralised | The governmenthas recently confirmed that the zero-

and Zero carbon objective will be retained — although

Carbon unregulated carbon emissions from buildings will no
Energy longer be the subject of regulation from 2016. A similar
Planning commitment is likely to be made for non-domestic

buildings, following the broad approach set outin
DCLG’s consultation of November 2009. The
mechanism for pooling investmentin off-site
infrastructure is still to be confirmed but may take a
similar form to the Community Infrastructure Levy
(CIL)
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Borough

Ref

Policy requirement

Manchester

Manchester Core
Strategy

Development Plan

Document

Applications for +10 residential units or over 1,000m? will be expected as a
minimum to meet the target unless this can be shown notto be viable.
Developments smaller than thethreshold will also be expected to meet the
minimum target where viable but will notbe expected to submit an energy
statement.
Domestic
= Network developmentarea target — CHP/districtheating anchor or
connectionor where notfeasiblea 15% increase on Part L 2010
= Electricity intense buildings target — 15% increase on Part L 2010
L] Microgeneration areatarget — 15% increase on Part L 2010
Non-domestic
L] Network developmentarea target — CHP/districtheating anchor or
connectionor where notfeasiblea 15% increase on Part L 2010
L] Electricity intense buildings target — 10% increase on Part L 2010

= Microgeneration area— 15% increase on Part L 2010

Rochdale

Adopted 2006 new
local plan

Developmentproposals whichinclude measures to conserve and assistthe
efficientuse of energy will be supported where this can be successfully
incorporated into the design and layout, and where there are no adverse
impacts on the amenity ofthe surrounding area. Measures which will be

especially encouraged include:

= Maximum use oflocal materials and recycled building materials

= Use of design, layout, landscaping and materials which help
conserve energy

= Use of sustainable power generation systems such as solar PV,

small scale CHP and other appropriate installations

Oldham

Oldham LDF: Joint
DPD - Proposed

Submission

The council will facilitate the achievement of national targets and where
opportunities arise/circumstances warrantit, the council may also require
developers to meet higher targets. All developments over 1,000m? or 10
homes will be required to reduce emissions in line with the targets identified.
Developments below the threshold should aimto incorporate appropriate
microgenerationtechnologies.

Network expansion area— connectto a combined heatand power/district
heating network. Up to 73% contributions to existing or future decentralised

heat or power schemes.

Electricity intense area — 17% increase on Part L for domestic and 10%
increase on Part L for non-domestic buildings. Up to 56% for domestic and
28% for non-domesticcontributions to existing or future decentralised heator

power schemes.

Microgeneration areas — 15% increase on Part L for domestic and non-
domestic buildings. Up to 49% for domestic and 42% for non-domestic

contributionsto existing or future decentralised heat or power schemes.
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2.3 Carbon and energy policy development — national and international
background

Relevantcurrent policy requirements, national and international targets, policy
statements and drivers were reviewed and are listed within this section of the report
for reference purposes.

Key findings:

2.3: Carbon and energy policy development — national and international

background

= Local authorities have an important role to play in terms of delivering carbon
reduction targets, through the implementation of energy and carbon policies.

= Local planning authorities are bound by the legal duty set outin Section 19
of the 2004 Planning and Compulsory Purchase Act, as amended by the
2008 Planning Act, to ensure that, taken as whole, planning policy
contributes to the mitigation of, and adaptation to, climate change.

= The National Planning Policy Framework supports and encourages local
authorities developing viable and sustainable local plans in line with the
objectives and provisions of the Climate Change Act2008.

» [tisnotclear at this pointif the local authorities’ powers to impose higher
than the minimum regulatory carbon energy performance in new buildings
will be retained.

* The Future Homes Standard?® consultation documentincludes a suggestion
for local authorities to be stripped of the power of introducing higherthan the
minimum regulatory performance requirements for buildings.

* The public examination response of the London Plan Policy SI221 accepts
the 35% reduction in emissions beyond the Building Regulations as realistic.
Whole-life carbon and unregulated emissions requirements are also

considered as good practice??.

20 The Future Homes Standard: changesto Part L and Part F of the Building Regulations for newdwellings, 1 October2019.

2 New London Plan - Consultation draft, Chapter 9 Sustainable Infrastructure, Policy SI2 Minimisinggreenhouse gas emissions,
accessed lastin 2020.

22 Current regulatory requirements under Building Regulations concern theuse of regulated energy which exempts plug loads. It
also excludes embodied carbon.
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= Examples of requirements such as zero carbon in the London Plan fornew
domestic buildings include the ability of a developerto offset part of the
expected remaining emissions fromthe building through a carbon credit

mechanism.

‘ Recommendations:

» Use guidance provided within the technical part of the report on energy

efficiency, energy demand and association with carbon emissions to
produce a robust, future-proofed local policy similarto the London Plan
Policy SI2. This will provide a sound solution that GMCA can adopt?3
irrespective of the options taken forward for new national building standards.
= Achieving minimum energy and carbon performance requirements on site
(along with the use of renewables) can be gradually tightened in lightof the
future 2025 Building Regulations. Whole-lifecycle carbon emissions
requirements should be detailed as part of achieving the 2028 net-zero

carbon developments target.

2.3.1 National context

The implementation of successful energy and sustainability policies through local
plansis of high importance in meeting both local and national carbon emissions
reductions targets, as well as providing sustainable environments for local
communities. This is showcased through the introduction of appropriate regulations,

policies and policy targets.

The Committee on Climate Change’s Reducing UK emissions — 2018 Progress
Report to Parliamentreported that direct and indirect emissions from buildings
accounted for almost 30% of the total UK GHG emissionsin 2017. Furthermore, in

the same year, buildings were responsible for 66% of the overall UK electricity

consumption?4,

3 Subjectto any changesimposed by new regulations on the rights of local planning bodies to prescribe higher building
standards.

24 Committee on Climate Change (2018) Reducing UK emissions — 2018 Progress Report to Parliament
https://www.theccc.org.uk/publication/reducing-uk-emissions-2018-progress-report-to-parliament/
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Similartrends had been observed in previous years. Buildings have a huge impact

on the country’s total calculated carbon emissions, making building improvements a
UK priority for addressing climate change (and overall sustainability targets).

Amended during 2019, the Climate Change Act 2008 (2050 Target Amendment)
Order 2019, introduced anew net UK emissions target for 2050 as shown in

The target for 2050

1 The target for 2050

(1) Itis the duty of the Secretary of State to ensure that the net UK carbon account for the year 2050 is at least [F1 100%] lower
than the 1980 baseline.

(2) "The 1990 baseline” means the aggregate amount of—
(a) net UK emissions of carbon dioxide for that year, and

(b) net UK emissions of each of the other targeted greenhouse gases for the year that is the base year for that gas.

Table 2.

The target for 2050

1 The target for 2050

(1) Itis the duty of the Secretary of State to ensure that the net UK carbon account for the year 2050 is at least [F1 100%] lower
than the 1980 baseline.

(2) “The 1990 baseline” means the aggregate amount of—
(a) net UK emissions of carbon dioxide for that year, and

(b) net UK emissions of each of the other targeted greenhouse gases for the year that is the base year for that gas.

Table 2 - The Climate Change Act 2008 (2050 Target Amendment) Order 2019 (S.1.
2019/1056), Parts. 1, 2

Local planning authorities are bound by the legal duty set out in Section 19 of the
2004 Planning and Compulsory Purchase Act?®, as amended by the 2008 Planning
Act, to ensure that, taken as whole, planning policy contributes to the mitigation of,

and adaptation to, climate change.

This powerful outcome-focused duty on local planning clearly signals the priority to
be given to climate change in plan-making. In discharging this duty, local authorities

should consider guidance provided within the National Planning Policy Framework

25 http://www legislation.gov.uk/ukpga/2004/5/section/38
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(NPPF) and understand the economic, social and environmental aspects of their

currentand future local plan targets.

National Planning Policy Framework (Feb 2019) - Paragraphs 7 and 8

The purpose of the planning system is to contribute to the achievement of
sustainable development. At a very high level, the objective of sustainable
developmentcan be summarised as meeting the needs of the present without
compromising the ability of future generations to meet their own needs.

Achieving sustainable development means thatthe planning system has three
overarching objectives, which are interdependentand need to be pursued in mutually

supportive ways (so that opportunities can be taken to secure netgains across each
of the different objectives):

a) an economic objective — to help build a strong, responsive and competitive
economy, by ensuring thatsufficientland of the right types is available in the right
places and at the right time to support growth, innovation and improved productivity;
and by identifying and coordinating the provision of infrastructure;

b) a social objective — to support strong, vibrant and healthy communities, by
ensuring thata sufficientnumber and range of homes can be provided to meet the
needs of present and future generations; and by fostering a well-designed and safe
builtenvironment, with accessible services and open spaces that reflect currentand

future needs and support communities’ health, social and cultural well-being; and

¢) an environmental objective — to contribute to protecting and enhancing our
natural, builtand historic environment; including making effective use of land,
helping to improve biodiversity, using natural resources prudently, minimising waste
and pollution, and mitigating and adapting to climate change, including moving to a

low carbon economy.
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Furthermore, Paragraph 129 of the revised NPPF (2018)26 encourages local
authorities to use assessment frameworks as tools for improving design quality while
paragraph 149 of the NPPF requests ensuring that policies and decisions are in line

with the objectives and provisions of the Climate Change Act 2008.

The NPPF sets guidance thatlocal authorities have to follow to demonstrate, through
viability assessments, that higher sustainability standards will not affect housing
delivery. Assessments need to be underpinned by a proportionate evidence base

that reflects local circumstances.

The NPPF also says that plans should be prepared positively in a way that is
aspirational butdeliverable. This means that policies should be realistic, and the total
cumulative cost of all relevant policies should not be of a scale that will make

developmentunviable. Key points from the guidance are as follows.

‘Policy requirements, particularly for affordable housing, should be set at a level that
allows for sites allocated in the plan to be delivered withoutthe use of further viability

assessment at the decision-making stage.

Where proposals for developmentaccord with all the relevant policies in an up-to-
date developmentplan no viability assessmentshould be required to accompany the
application. Plans should however set out circumstances in which viability

assessment at the decision-making stage may be required.’

The Section 19 duty is much more powerful in decision-making than the status of the
NPPF, which is guidance, not statute. Where local plan policy which complies with

the duty is challenged by objectors or a planning inspector on the grounds, for

26

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/779764NPPF_Feb_2019_we
b.pdf
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example, of viability, they must make clear how the plan would comply with the duty if

the policy were to be removed.

Technically feasible and cost-effective ‘tighter energy and carbon performance

requirements for new buildings’ within a local plan is further supported by the
Planning and Energy Act 200827, section 1:

A local planning authority in England may in their developmentplan documents, a
strategic planning panel may in their strategic developmentplan, and a local planning
authority in Wales may in their local developmentplan, include policies imposing
reasonable requirements for—

(a) a proportion of energy used in developmentin their area to be energy from
renewable sources in the locality of the development;

(b) a proportion of energy used in developmentin their area to be low carbon energy

from sources in the locality of the development;

(c) developmentin their area to comply with energy efficiency standards that exceed

the energy requirements of building regulations.
The 2015 written ministerial statement includes?8:

For the specificissue of energy performance, local planning authorities will continue
to be able to set and apply policies in their Local Plans which require compliance with
energy performance standards that exceed the energy requirements of Building
Regulations until commencement of amendments to the Planning and Energy Act
2008 in the Deregulation Bill.

This is expected to happen alongside the introduction of zero carbon homes policy in
late 2016. The Governmenthas stated that, from then, the energy performance
requirements in Building Regulations will be set at a level equivalentto the (outgoing)
Code for Sustainable Homes Level 4.

Until the amendmentis commenced, we would expect local planning authorities to

take this statement of the Government'sintention into accountin applying existing

2" hitps:/iwww.legislation.gov.uk/ukpga/2008/21/section/1
28 Planning update: Written statement - HCW S488, https://iwww.parliament.uk/business/publications/written-questions-answers-
statements/written-statement/Commons/2015-03-25/HCWS488/
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policies and not set conditions with requirements above a Code level 4 equivalent.
This statement does not modify the National Planning Policy Framework policy
allowing the connection of new housing developmentto low carbon infrastructure

such as district heating networks.

2.3.2 TheFuture Homes Standard: changes to Part L and Part F of the

Building Regulations for new dwellings

It needs to be advised that the governmentis in the process of reviewing the national
building regulations (Part L) againstwhich the GMSF planning requirements will be
set.

These changes will likely include revisions within the Approved DocumentL (Part L),
Approved DocumentF of the Building Regulations and the introduction of a Future
Homes Standard in 2025.

This review may result in changes to the national minimum standard, compliance
metrics and assessment method (for example the adoption of SAP10.1 or a
successor).

Changestothe regulatory baseline may impact in 2020 and therefore this must be

considered in GMSF standards once the new regulations are known.

Part L could potentially change from carbon to primary energy as the main metric to

assess building performance.

Primary energy is currently the required metric of the Energy Performance of
Buildings Directive (EPBD) - kWh/(m2y) - for the purpose of both energy performance
certification and compliance with minimum energy performance requirements.

The currentresearch review was conducted based on the predicted energy demand
and carbon performance requirements for new buildings.

While energy demand and type of energy use can be translated into primary energy
requirements, based on primary energy factors, itis at this stage unknown whatlevel

of threshold or minimum compliance requirements will be imposed.

Therefore, such association has been omitted because of the inherited policy

complexity it would introduce. Energy demand and carbon performance-based
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targets were considered as sufficient to address the GMSF 2028 net-zero carbon

new developments requirement.

Furthermore, changes within the Part L 2020, and new minimum requirements

imposed might deem currentinterim GMSF carbon improvement requirements
redundant. Thisis further discussed in later sections within the report.

Latest guidance produced by the Ministry of Housing, Communities and Local
Government also described the potential limitation in the authority of local authorities
on imposing higherthan the Building Regulations’ minimum energy and carbon
performance requirements.

While this is also discussed within the ‘The Future Homes Standard: changes to Part
L and Part F of the Building Regulations for new dwellings’consultation document, it
is unclear at this stage whether or notthe local authorities’ powers on such manners
will be revoked.

2.3.3 Committee on Climate Change and Spring Statement, March 2019

Renewable energy generation contributes positively to carbon emissions reductions
through displacement of grid electricity, or by direct partial consumption atthe point
of generation.

Such contributions supportthe gradual decarbonisation of the electricity grid and,
combined with smart local supply/demand solutions and/or energy storage

technologies, provide a robust approach towards more resilientenergy strategies.

In that respect it was important to consider PV generation within the research work.
Renewable heatgeneration also has an important role to play in reducing energy

required for hot water generation.

Energy used for hot water generation becomes increasingly importantwhen space
heating demand requirements of buildings are significantly decreased. In that sense,
the use of low carbon heatand the use of technologies such as heat pumps will
contribute to further carbon emission reductions from buildings and enable achieving
the climate change targets.
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The importance of combining high-fabric energy efficiency, low-carbon heatand hot
water generation solutions and renewable energy/zero and low-carbon technologies
in buildings has been recently restated by both the UK Government and the
Committee on Climate Change (the independent, statutory body established under
the Climate Change Act 2008).
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Committee on Climate Change — UK Housing: Fit for the future? February

201929

Immediate Government action is needed to ensure the new homes planned across
the UK are fit for purpose, integrating the highest possible levels of emissions
reduction with a package of design improvements to adapt to the changing climate.
This will require an ambitious trajectory of standards, regulations and targets for

new homes throughoutthe UK:

= By 2025 at the latest, no new homes should connectto the gas grid. Instead
they should have low-carbon heating systems such as heat pumps and low-

carbon heat networks.

= Make all new homes suitable for low-carbon heating at the earliest
opportunity, through use of appropriately sized radiators and low-temperature
compatible thermal stores. This can save £1,500 - £5,500 per home

compared to later having to retrofit low-carbon heat from scratch.

= New homes should deliver ultra-high levels of energy efficiency as soon as
possible and by 2025 at the latest, be consistentwith a space heatdemand
of 15-20 kwh/m2/yr. Designing in these features fromthe start is around one-
fifth of the cost of retrofitting to the same quality and standard. When installed
alongside heatpumpsin a typical home, ultra-high levels of fabric efficiency
can deliver average bill savings of around £85 per household per year,
contribute to reducing annual and peak electricity demand alongside other
measures, provide comfort and health benefits for occupants, and create an

industrial opportunity for the UK to export innovation and expertise.

= Statutory requirements should be in place to reduce overheating risk in new-
build homes. Evidence suggests that all new-build homes are at risk of
overheating. Passive cooling measures should be adopted to reduce
overheating risks before considering active measures such as air

conditioning.

29 https://www.theccc.org.uk/wp-content/uploads/2019/02/UK-housing- Fit-for-the-future-CCC-2019.pdf
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= Improve focus on reducing the whole-life carbon impact of new homes,
including embodied and sequestered carbon. Using wood in construction to
displace high-carbon materials such as cement and steel is one of the most

effective ways to use limited biomass resources to mitigate climate change.

UK Government - Spring Statement March 20193

From HM Treasury and The Rt Hon Philip Hammond MP, the Spring Statement
builds on the Industrial Strategy, Clean Growth Strategy, and 25 Year Environment
Plan as set outin the Budget2018. In terms of buildings, energy and carbon the

following are noted:

= To help meet climate targets, the governmentwill advance the
decarbonisation of gas supplies by increasing the proportion of green gas in
the grid, helping to reduce dependence on burning natural gas in homes and

businesses

= To helpensure consumer energy bills are low and homes are better for the
environment, the governmentwill introduce a Future Homes Standard by

2025, so that new build homes are future-proofed with low carbon heating

and world-leading levels of enerqy efficiency

% https:/iwww.gov.uk/government/news/spring-statement-2019-what-you-need-to-know
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2.3.4 London Plan

Since 2016 the London Plan has included policy which requires new major residential
developmentsto be zero carbon. In 2017, a draft new London Plan was published by
the Mayor for consultation, and the GLA commissioned an Aecom study of the
carbon price atthe same time — the London Carbon Offset Price. This iteration

requires all new homes to be zero carbon and new non-domestic buildings to be zero
carbon by 2019.

The GLA Supplementary Planning Document Sustainable Design and Construction
(2014) encourages boroughsto set a price for carbon dioxide based on a nationally
recognised carbon dioxide pricing mechanism, or the actual cost of off-setting carbon

dioxide emissions.

London Plan, Public examination3! (held between 15 January 2019 and 22 May
2019)

Minimising greenhouse gas emissions, energy infrastructure and managing
heat risk

468. The Mayor’s aspiration in the Environment Strategy is for London to become a
zero-carbon city by 2050 and thisis reflected in the Good Growth objectives. The
sustainable infrastructure policies are geared towards achieving thatend which isa
justifiable approach. They would also contribute positively towards the objective of
creating a healthy city as part of the Mayor’s general duty to have regard to climate
change andits consequences. As further suggested changes the Mayor has clarified

that zero-carbon refers to net zero-carbon in all cases as defined in the Glossary.

469. Thisis an area where technology is evolving and so flexibility is required
especially as changes to the Building Regulations are expected. When these are
introduced this might, in turn, trigger the need for a partial review. In the meantime
the policies build on existing established approachesin London. Whilstsome argue
that they do not go far enough we considerthatthey are ambitious and progressive

and pursue carbon reductions as far as can be expected given the Mayor's limited

%1 Reportofthe Examination in Public of the London Plan 2019, File Ref: PINS/SDS0026,
https://www.london.gov.uk/sites/default/files/inspectors_report_and_recommendations_2019_final pdf
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powers in this area and his resources. They also adequately emphasise the

importance of the use of renewables.

470. The requirementto achieve a 35% reduction in emissions beyond the Building
Regulationsin policy SI2 is realistic but will become more challenging to meet
through typical gas-based technologies as other energy sources become cleaner
meaning that other ways are required to achieve it. The expectation that
developmentwill achieve a proportion of this through energy efficiency measuresis
based on firm evidence and is therefore justified. Where onsite measures to reduce
carbon emissions have been fully explored but cannot be achieved, contributions to
achieve net zero-carbon should be made to a carbon off-set fund. For example, this
could provide valuable sums to improve the carbon performance of the existing
stock. This is not the default position and the Mayor will continue to monitor its
effectiveness as well as updating the existing guidance as necessary including the
price for off-set carbon.

471. The NPPF refers to actively supporting energy efficiency improvements to
existing buildings. The above measures would assistin this butretro-fitting may not
require planning permission in many cases. There is nevertheless reference to major

refurbishmentin paragraph 9.2.1.

472. Policy SI2 includes criteriarelating to unregulated emissions from plantand
equipmentoutside the Building Regulations and the calculation of whole life cycle
carbon emissions over the lifetime of a developmentincluding demolition. It is evident
thatin future these broader methods of measuring carbon impact will become
increasingly importantand there are existing tools to assess them. The provisions
are intended as a starting pointso that data and good practice is captured and
understood as a pre-cursor to future policy development. As such, they do not
introduce additional technical standards and theirintentand application is justified. It
also makes sense at this juncture to keep these parts of the policy separate from the
well understood provisions relating to regulated emissions. Guidance is to be
produced by the Mayor about such assessmentincluding how information should be

reported to enable verification and monitoring.
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473. Policy SI3 contains provisions relating to energy masterplans for large scale
developmentlocations and given their scale this approach is justified and the list of
matters to be covered is comprehensive. It also sets outa heating hierarchy for major
development proposals within Heat Network Priority Areas. Based on the latest
evidence itis reasonable to order the differenttypes of communal low-temperature
heating systems in this way rather than presentingthem as a “menu” to select from.
Equallyitis wise not to expressly rule outoptions such as combined heatand power
under certain circumstances given thattechnology may change over the period of the
Plan. Therefore the sequence and content of the heating hierarchy is justified. The

policy also sets a framework for boroughs to identify opportunities for expanding or
establishing new networks.

474. As further suggested changes, the policy and supporting text would be
strengthened to refer to good practice design and specification standards for new
and existing networks. The Plan also makes specific reference to decarbonisation
plans for existing networks and to ensure a reliable cost competitive service for

customers.

475. The importance of managing heatrisk through design is emphasised by policy
Sl4. This is warranted due to rising temperatures and the urban heatisland effect.
Major developments should seek to follow the cooling hierarchy as demonstrated

through their energy strategies and these principles can also be applied to minor
development.

476. Overall these policies concerned with greenhouse gas emissions, energy and
infrastructure and managing heatrisk would contribute effectively to achieving a

healthy city as well as wider legal duties in respect of climate change.
2.3.5 United Nations Sustainable Development Goals

A report released in 2018 titled ‘Measuring up’ fromthe UK Stakeholders for
Sustainable Developmentassesses the UK’s performance againstthe 17 sustainable

developmentgoals.
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They report that 20% of homes in England fail to meet the government’'s Decent

Homes Standard covering factors such as state of repair, basic facilities, warmth and
health and safety.

A transformation of industry is required to increase the UK circular economy, with
higherlevels of reuse, repair, recycling, energy recovery and resource productivity 32,

32 UKSSD (2018) Measuring up: Howthe UK is performing on the UN Sustainable Development Goals
https://mwww.ukssd.co.uk/measuringup
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2.4 Net-zero carbon — UK GBC Framework

Key findings:

2.4 Net-zero carbon — UK GBC Framework

» The definition framework supports the evaluation of a building’s energy and
carbon performance by considering a plethora of carbon producing
construction elements.

= Unregulated energy use may include energy used during construction and
demolition, as well as during operation.

= Embodied carbon of materials may needto be reviewed based on lifecycle

carbon assessments.

‘ Recommendations:

= Onlythe operational unregulated energy (plug loads) use for new domestic

buildings is estimated within the report. For non-domestic building CIBSE
guidance on small supply predictions can be used. This aligns with the UK
GBC Operational Energy net-zero carbon definition.

= Othertypes of carbon (whole-life carbon) are harder to estimate. If such
elements were to be included within the GMSF target, guidance on the
calculation methodology for compliance needs to be specified/produced.
The LETI Climate Emergency Design Guide can be used to informthe

relevant GMSF policy development.

The world GBC’s definition of a net-zero carbon building is a building thatis highly
energy efficientand fully powered from on -site and/or off-site renewable energy

sourcesss.

The currentversion of the Building Regulations sets compliance requirementsin
terms of energy and carbon based on regulated energy use, including heating,
cooling, hotwater, fans, pumps and lighting.

33 World Green Building Council (2019) Whatis Net Zero ? htps://worldgbc.org/advancing-net-zero/what-net-zero
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As highlighted on a number of publications before, including the most recent UK GBC
Net Zero Carbon Buildings: A Framework Definition publication (Currie & Brown
contributed to the technical authoring of the publication), there are elements of
energy consumption and use thatare currently notaccounted for in terms of

compliance purposes.

The UK GBC recent framework additionally discusses the concept of lifecycle carbon
assessments, including construction and potential demolition and carbon

sequestration.

The UK GBC’s definition of a net-zero carbon building sets out two approachesto

achieving net-zero carbon.

= Net zero carbon — construction:
When the amountof carbon emissions associated with a building’s production
and construction stages up to practical completion is zero or negative, through

the use of offsets or the netexport of on-site renewable energy.

= Net zero carbon — operational energy:
When the amount of carbon emissions associated with the building’s
operational energy on an annual basis is zero or negative. A net-zero carbon
building is highly energy efficientand powered from on-site and/or off-site

renewable energy sources, with any remaining carbon balance offset.

Unregulated energy use may include energy required during construction, or
additional operational energy use as in the case of energy used for appliances (eg

plug loads).

CIBSE TM54: Evaluating Operational Energy Performance Buildings atthe Design
Stage highlights the significance of small supply (appliances) energy consumption
which can include energy used by lifts and escalators, for catering facilities, or for

server rooms in non-domestic buildings, for example.

The currenttechnical report included the assessment of operational unregulated

energy use in domestic models (plug loads).
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For more information on future policy developments in terms of embodied carbon

emissions and whole-life carbon assessments more research is required for
establishing appropriate benchmarks.

A good starting pointfor developing the relevantguidance would be the London
Energy Transformation Initiative (LETI) Climate Emergency Design guide34.

3 LETI, Climate Emergency Design Guide 2020, https://www.leti.london/cedg
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2.5 Performance gap

Key findings:

2.5 Performance gap

» The performance gap refers to the difference between the energy and
carbon performance of a building’s design and the actual building delivered
on site.

» Performance assessing tools, procurement, construction skills and
knowledge as well as communications can all contribute to the presence of
such a gap.

‘ Recommendations:

» There needsto be a policy provision for developmentproposals to be

accompanied by an energy assessment demonstrating how the targets for
energy demand and CO2 emissions reduction will be met and how the
likelihood of a potential performance gap is minimised.

= Specific guidelines/requirements in terms of QA processes for energy and
carbon should be produced as supplementary planning guidance.
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Both the design and fabric specifications of a building can affect its energy and

carbon performance in terms of heating and ventilation requirements.

While highly energy-efficient buildings can deliver considerable reductions in energy

demand requirements, the complexity of design can also allow for inaccurate delivery
of intenton-site and the potential introduction of a performance gap®.

This performance gap is the difference between the targeted level of performance
andthe actual performance of the building in -situ3®,

The performance gap in buildings can impactthe national carbon reduction plan,in

turn impacting on national and international policy goals.

There are also the resultantreputational impacts to the industry, reducing consumer

confidence in energy efficientbuildings if energy bills are substantially higher than
anticipated?’.

A report by the Zero Carbon Hubin 2012, identified four key themes for the issues
surrounding the performance gap: knowledge, communication, responsibility and
skills38,

In addition, target setting in terms of energy and carbon performance can be

problematic when there is inconsistency in the definitions used and ambiguity over
the information required to demonstrate compliance.

% BEIS (2016) Smart meter roll-out (GB): cost-benefit analysis 2016 https://www.gov.uk/govemment/publications/smart-meter-
roll-out-gb-cost-benefit-analysis
% Natural Building Technologies (2015) What is “the Performance Gap”? https://www.natural -building.co.uk/news/what-
Eerformance-gap/

" Dollard, T. (2018) Designed to perform: anillustrated guide to delivering energy efficient homes. RIBA Publishing
38 Zero Carbon Hub (2013) Closing the gap between design and as -built performance New Homes Interim Progress Report
http://www.zerocarbonhub.org/sites/default/files/resources/reports/Closing_the_Gap_Bewteen_Design_and_As-
Built_Performance_Interim_Report.pdf
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Challengesinclude:

= A lack of suitable energy performance analysis tools prevents designers from
routinely checking the robustness of their designs. Although the government’s
Standard Assessment Procedure (SAP) tool is important through the project
design stage, it relies on a number of assumptions and inputs thatrequire

further clarity to accurately predict ‘as-built performance’.

= Manufacturer verification and independenttesting of structural material s’
performance is often at a material/componentlevel rather than whole-system

outputs.

= One of the main concerns regarding procurementand the performance gap is
product substitution, whereby products are replaced and do not meet the
original design intent, which is then notfed back to the SAP assessor so

implications can be checked and addressed.

= In terms of skills and knowledge, cultures and embedded behaviours can have
a significantimpact on the overall built product during the construction
process. Misinterpretation of detailed design drawings or lack of information
around how to install junctions can affectthe thermal performance and air
tightness of the build.

Further training around installation and commissioning skills is required to ensure
products such as mechanical ventilation and heat pumps are installed correctly and
their efficiencies fully optimised. A change in culture is required to ensure more
ownership across the design and construction process, with accountability of the
efficiency of the end-built product.

Platforms such as CarbonBuzz allow users to see how their buildings perform
againstothers and track the design and actual CO2 emissions of a portfolio of
buildings®?, creating a tool that enables the monitoring, tracking and evaluating of

performance required.

39 Carbon Buzz (2019) https:/Avww.carbonbuzz.o rg/whatyoucando.jsp
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As stated in the illustrative guide, ‘Designed to Perform’, greater emphasis on
compliance and site checks within PartL is required®. Ensuring quality is delivered
through design, construction and operation is pivotal to maintaining the integrity and

energy efficiency of the build.

Greater assurance is required on site to monitor quality of construction, and the
involvement of the design team through to construction would maintain the level of
responsibility required.

This is also supported by the recent Passivhaus Trustreport ‘Passivhaus: the route
to zero carbon?, March 2019, where itis noted ‘the quality assurance process that
is part of the Passivhaus standard ensures thatwhatis designed is what gets built
and the actual energy performance of Passivhaus homes s, on average, exactly as
predicted by the design stage modelling'.

Passivhausis a voluntary buildings’ performance standard thatcan be used to
deliver buildings with highly reduced energy demand requirements (operational). It
incorporates high levels of airtightness and a mechanical ventilation heat recovery
system. Following a fabric first approach, the resulting energy demand for heating is
extremely low compared to current minimum building regulations standards.

The steady state predicted heat loss associated with each of the Passivhaus-certified
dwellings is obtained from the Passive House Planning Package (PHPP) predictions.
PHPP is a planning tool that enables a number of energy balance calculations to be
undertaken for a proposed building. As part of the Passivhaus certification process, it
is a mandatory requirementthat each Passivhaus dwelling is modelled and verified
using PHPP49,

In previous work undertaken by the Zero Carbon Hub on the performance gap, the
Standard Assessment Procedure (SAP), the government-approved methodology for
assessing the predicted energy and carbon performance of new homesin the
country, was considered as a potential contributor to the performance gap. This was

noted to be because of assumptions used within the calculation methodology.

Additional research undertaken on SAP has identified potential weaknessesin

accurately predicting the energy and carbon performance of homes, usually by

% The Building Fabric Thermal Performance of Passivhaus Dwellings—Does It Do What It Says on the Tin? January 2016
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underestimating the amounts of operational energy required. On a number of

published reports, itis mentioned that PHPP mightbe able to predict with greater
accuracy the expected building’s energy and carbon performance.

SAP10.1 is the new trial version of SAP that the governmenthas produced in
preparation of the new Part L 2020. Whether or notissues around performance

predictions have been sufficiently addressed is currently unclear.

Whether or not PHPP can better predict the regulated energy consumption of anew
building than SAP, dissociated from the robust quality assurance (QA) processes in
place is notclear. The Passivhaus standard requires a robust QA process with

constantchecks to be followed that ensure actual design delivery.

Human error, quality of inputs and level of expertise are all interlinked with the use of

predictive software applications and are additional impacting factors in the cases of
both SAP andthe PHPP tools.

A potential requirement of PHPP analysis reports on top of the legally required
SAP/EPC report outputs could translate into additional developer cost and is likely to
create challengesin terms of the reports’ outputs interpretation by the planning
officers (conflicting predictions between the legally required SAP and the PHPP
outputs).

Irrespective of whether Passivhaus certification is sought, there is a need to improve

QA processes. This was clearly demonstrated in the majority of research undertaken
on the performance gap.

Since the use of the PHPP is voluntary for developers, itis advised that if the
differentdistricts considerit as a beneficial additional planning requirement,
appropriate training and information is provided to the planners in supportof the

evaluation of PHPP reports and outputs.

This could include marked areas of reporting differentiation, likelihood of deviation
and potential reasoning as well as identification of construction elements thatare
considered as main contributors to these differences (along with an indication of the
accuracy of the model).
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It is advised that further research is undertaken into the implementation of additional
PHPP requirements to the GMSF policy. This could be conducted during 2020-2025
for an introduction into policy as soon as possible. On-site trials followed up by
performance monitoring can be used in the GM region to produce additional
information in terms of the predicted benefits.

Quality assurance processes are of utmost importance in terms of reducing the
potential performance gap and should be demonstrated in all new
developments. Additional QA policy requirements should be considered if
deemed necessary.
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2.6 Monitoring and post-occupancy evaluation

Key findings:

2.6 Monitoring and post-occupancy evaluation

» Visibility over buildings’ actual operational energy and carbon performance
is key to understanding inefficiencies relating to construction standards
applied or operational inefficiencies.

= Softlandings, smart meters and requirements for post-occupancy

evaluations for large developments can all support extracting additional
knowledge over delivered/actual performance of buildings.

‘ Recommendations:

» The carbon and energy policy of the GMSF refers to carbon performance

improvements as evaluated in SAP. The policy trajectory also includes
meeting actual net-zero carbon for new developments from 2028. A stronger
focus on actual energy performance and demand of buildings is advised
which should include an explicitreference to the need for post-occupancy
evaluations.

= Major developments should be expected to monitor and report their energy
performance as per the guidelines provided within the new draft London

Plan Policy SI2, paragraph B4,

The industry is increasingly recognising the impact of new-build performance not
matching design intent, and the problem of a performance gap. Industry bodies and
authorities such as Innovate UK and the UK GBC are working to address this through

task groups and workstreams.

41 https://www.london.gov.uk/what-we-do/planning/london-plan/new-london-plan/draft-new-london-plan/chapter-9-sustainable-
infrastructure/policy-si2-minimising
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The draft London Plan Policy SI2 requires that major developments monitor and
report on energy performance for at least five years via an online portal. This
monitoring will allow the Greater London Authority to identify good practice and report

on the operational performance of new developmentin London.

The ‘performance monitoring’ workstream in the recent review of London Plan
policies by the London Energy Transformation Initiative was the first to propose the
‘Be Seen’ elementof the London energy hierarchy, whichis now included in the

currentdraft of the new London Plan.

The opportunities thatare to be developed by this workstream include
recommendations on the energy and contextual data that should be reported;
providing advice on the practicalities of setting up metering; monitoring and reporting
systems; and demonstrating some of the uses of the data and the opportunitiesiit

brings#2.

Monitoring through post-occupancy evaluations (POES) is essential for creating the
evidence base for tracking product and design efficiency, as well improving the
building user experience. Building Services Research and Information Association

(BSRIA)*3 and Government Soft Landings (GSL) can be used to ensure quality of
projects’ delivery.

Softlandingsis a building delivery process which runs through the project, from
inception to completion and beyond, to ensure thatall decisions made are based on
improving the operational performance of the building meeting the client's
expectations. It can also include POEs.

When applied, POEs should be considered at the outset of the project in order to fully
maximise data collection, implement appropriate monitoring strategies and
technologies and fully engage with the building users. Permission to capture data
from homes and commercial buildings has to be agreed with residents and
businesses and will be subject to data protection regulations, which includes
informing thattheir personal data is being processed, clearly stating the purpose of

using this data and their personal information, and an instruction on how they can

2 London Energy Transformation Initiative (2019) LETI 2019 Workstreams https://www.leti.london/2019-workstreams
43 https://www.bsria.com/uk/consultancy/project-improvement/soft-landings/
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subsequently optout*. POEs can be used to satisfy the GMSF policy requirement

for developments’ energy performance monitoring. With POESs there are usually two
evaluation approaches:

= User experience-based — using tools such as building user surveys; focus
groups to understand how the space works for its occupants.

= Energy performance-based — using tools such as BMS/ sub-meter data
analysis looking atbuilding services systems and energy consumption.

Through collection of operational data from metering systems such as building
management systems (BMS) and qualitative feedback on building user experience,
lessons learntcan be identified and a wider evidence base for improving future
similar buildings can be produced. Since April 2016, the requirementto carry out
government soft landings has been mandatory for all publicly funded buildings.
However, there is still huge uncertainty in the industry over whatis meant by soft
landings and how to fully implementand embed this effectively on a project®.

During 2018, the governmentextended the Smart Meters Act 2018 to ensure the full
roll-out of energy meters. In September 2019, the deadline for supplierroll-outwas
extended to 2024. Although installation is not mandatory, energy firms must have
offered meters to all UK households by this new deadline, encouraging a sense of
accountability in monitoring building performance. The smart meter roll-outis
estimated to delivera netbenefitto consumers of £5.7 billion over the lifetime of the
programme?®, |t is estimated that smart meters will take £300 million off consumers’
billsin 2020, rising to more than £1.2 billion ayear by 2030 — an average annual
saving of £47 per household. A smart metering data access and privacy framework
has been established to ensure the safeguarding of consumers’ privacy (domestic
and microbusiness level) while notinhibiting access to energy consumption data for
governmentrecords?’.

* 0ld Oak and Park Royal Development Corporation, Post Occupancy Evaluation Study, Local Plan Supporting Study, Mayor of
London, June 2018, https://www.london.gov.uk/sites/default/files/39._post_occupancy_evaluation_survey pdf

% The RIBAJournal (2017) All you need to knowabo ut soft landings https://www.ribaj.com/intelligence/govemment-soft-
landings-gsl-digital-process

6 BEIS (2016) Smart meter roll-out (GB): cost-benefit analysis 2016 https://www.gov.uk/govemment/publications/smart-meter-
roll-out-gb-cost-benefit-analysis

47 BEIS (2018) Smart metering implementation programme — Review of the Data Access and Privacy Framework
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It is understood that there are currentlimitations in terms of post-project completion
evaluations from a planning perspective (disconnect of approval from performance)
and a complex regulatory environmentin terms of local authorities’ authority over

such data handling. Nonetheless there is precedentwithin London, local authorities

and internationally (eg Boston) for capturing both planning stage and in-use
performance data to monitor responses to energy/carbon legislation.

Capturing this data through deployment of smart meters, and quantitative and
gualitative analysis of post-completion building performance is essential to
evaluating the success of set carbon reduction requirements and monitoring overall
progress. POEs not only provide information on aspects such as air quality, thermal

performance, acoustics and daylighting but provide a narrative around user
experience and their safety, security and wellbeing.
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2.7 Low-carbon economy and tackling fuel poverty

Key findings:

2.7 Low-carbon economy and tackling fuel poverty

» A householdis considered to be fuel poor if they have required fuel costs
that are above average and if they were to spend that amount, they would
be left with residual income below the official poverty line.

» Energy-efficientinstallations are the major contributor to the changein the
proportion of households in fuel poverty between 2018 and 2019.

= Carbon performance improvements realised through a carbon performance

target alone do not necessarily translate into low running costs.

Fuel poverty in England is defined using a low income high costs (LIHC) indicator.
Underthisindicator, a household is considered to be fuel poor if they have required
fuel costs that are above average and if they were to spend that amount, they would

be left with residual income below the official poverty line.*®

According to the Department for Business, Energy and Industrial Strategy’s ‘Sub-
Regional Fuel Poverty in England, 2019 (2017 data)’ statistics “Local authoritiesin
the South Eastof England and East Midlands generally have below average fuel
poverty levels, while households in the West Midlands and the North West generally

have the highestlevels of fuel poverty4°.

= While the proportion of fuel poor households is projected to decrease, the
average gap is projected to increase — also a result of price changes.

= (Ofgem estimates the defaulttariff price cap will reduce bills for 11 million
households. Due to the scale of this cap, it will have less of a downward effect
on fuel poverty headline figures than the prepaymentcap, as prepayment

customers are more overrepresented in the fuel poor population.

8 Government (2019) Fuel poverty statistics https://www.gov.uk/govemment/collections/fuel-poverty-statistics
“*https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/808295/Fuel_poverty sub r
egional_2019 2017 data_.pdf
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» Energy efficiency installations are the major contributorto the change in the
proportion of households in fuel poverty between 2018 and 2019, while
projected price increases across all payment types in 2019, contribute to the

increase in the average gap”

Higher energy-efficientnew domestic buildings have the ability to reduce the energy

demand requirements for running the property.

This could lead to substantial energy cost savings. This is explored in more detail
within section 6.2 of the report, but it needs to be noted that there is a disassociation
between carbon savings and energy cost savings, especially when high costbutlow-

carbon energy types are proposed (electricity).
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50 BEIS 2019, Annual Fuel Poverty Statisticsin England, 2019 (2017 data) ,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/829006/Annual_Fuel_Poverty
_Statistics_Report_2019 2017_data_pdf
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3.

Domestic models development

Key findings:

3.1 Development of the domestic archetypes — sizes and typologies

3.2 Development of the domestic archetypes — energy performance

specifications

3.3 New domestic buildings — energy types

There were six prevailing housing typologies within Greater Manchester that
were selected for modelling. These included a detached house, an end-
terrace house, a mid-terrace house, an end-terrace townhouse, a small flat
(one bedroom) and a large flat (two-bedrooms).

Floor areas for the housing model were produced by analysing nationally
prescribed minimum gross internal floor areas and recent planning
applications fromthe ten Greater Manchester districts.

The six archetypes produced from the six housing typologies, typical for the
Greater Manchester floor areas, and in-house Currie & Brown construction
data were evaluated using SAP 2012 of the Building Regulations.

The release of the Future Homes Standard consultation document, and the
introduction of new carbon factors within SAP10 and later SAP10.1,
complicated the modelling approach asthe new SAP versions were neither
finalised norused for compliance purposes yet.

Modelling the housing archetypes to achieve an interim 19% CO2e
emissions reduction targets as per the draft GM Spatial Framework raised a
question as to whetheror not thiswould be superseded by the potential
higher performance standards discussed for Part L 2020 within the Future
Homes Standard consultation (20% or 31% improvement).

Carbon emissions as an appropriate evaluation metric was analysed. The
results demonstrated the potential impact of the grid decarbonisation in
meeting the net-zero carbon target — as this could be driven by a transition

to all electric solutions only.
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= Such amove could hinder as noted the take-up of renewable electricity
generating technologies, as in the case of PV, because of the limited ability
in the future to offsetcarbon.

= Specificationsin terms of fabric and services performance assignedto the
six archetypes were developed for modelling following the GMSF energy
hierarchy.

* In terms of fabric specifications, seven improvement scenarios were
introduced for each one of the six archetypes.

= Two energy demand reduction technologies were selected for the models,
mechanical ventilation heatrecovery (MVHR) and waste water heat
recovery systems (WWHR).

= Two services options were selected for the modelling. These included gas
boiler and air source heat pump (ASHP) systems.

= Photovoltaics were used as a proxy for renewable electricity generation on
site.

= More than 300 models were selected to be assessed using SAP 2012 —
through combinations of all of the above parameters for energy and carbon
performance assessment.

= Alloptions selected for the improvement of the six archetypes are
considered as technically feasible and potentially cost-effective.

3.1 Development of the domestic archetypes — sizes and typologies

New domestic buildings performance, in terms of energy and carbon, were analysed
using SAP 2012. The six archetypes produced were based on preliminary analysis
conducted on representative regional housing typologies (across the ten Greater

Manchester districts).
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3.1.1 Archetype typologies

Housing models were developed based on prevailing housing typologies within

Greater Manchester. The following information was extracted and utilised forthe

construction of the new domestic building archetypes:

= 93% of the domestic buildings in Greater Manchester fall within one of the

following categories: flats, detached, terraced and semi-detached housing

properties.

» The majority of domestic buildings within Greater Manchester consist of two-

to three-bedroom properties.

» Floor areas of typical domestic buildings were notreadily available, butsuch

information was extracted by sampling recent new domestic development

planning applications within the ten districts.

Table 3 shows the number of archetypes developed and agreed for modelling by the

GMCA.

Table 3 - New domestic buildings —typologies selected for modelling

Archetype Number of Number of | Construction
bedrooms storeys

Detached house 4 2 Traditional
End-terrace house 3 2 Traditional
Mid-terrace house 3 2 Traditional

Small flat 1 1 Traditional/high rise
Large flat 2 1 Traditional/high rise
End-terrace 3 3 Traditional

townhouse
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3.1.2 Floor areas in domestic models

Nationally prescribed minimum gross internal floor areas, in conjunction with

information extracted from planning applications of recent developments within

Greater Manchester, were used to identify appropriate floor areas for the selected

archetype models (Table 4).

All data sets were used in conjunction with work undertaken by Currie & Brown on

producing archetypes for the Approved DocumentL of the Building Regulations to

finalise the geometric characteristics of the domestic models. The following floor

areas were selected for the six (6) archetypes.

Table 4 - Floor areas of selected new domestic buildings archetypes

Archetype Number of Number of | Gross internal floor
bedrooms storeys area (m?)

Detached house 4 2 117

End-terrace house 3 2 84

Mid-terrace house 3 2 84

End-terrace 3 3 90

townhouse

Small flat — midfloor 1 1 43

Large flat — midfloor 2 1 70
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Housing typologies representation - Greater Manchester ten
districts - Census 2011 data
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Figure 5 - Housing typologies and sizes - representation within Greater Manchester

Housing sizes (number of bedrooms) - Greater Manchester ten
districts - Census 2011 data
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Figure 6 - Selected archetypes floor areas - supportive information
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Minimum space national requirements for domestic buildings

Number of Numberof | 1storey 2 storey 3 storey
bedrooms (b) | bedspaces | dwellings | dwellings | dwellings
(persons)
1b 1p 39
2p 50 58
2b 3p 61 70
4p 70 79
3b 4p 74 84 90
5p 86 93 99
6p 95 102 108
4b 5p 90 97 103
6p 99 106 112
7p 108 115 121
8p 117 124 130
5b 6p 103 110 116
7p 112 119 125
8p 121 128 134
6b 7p 116 123 129
8p 125 132 138

Technical Housing Standards —nationally described space standard, March 2015

Department for Communities and Local Government
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Space standards used within GM districts

= Oldham, Bury, Salford,
Trafford, Stockport,
Manchester

= 3-4 planning applications
per area

= Size of new developments

ranging from 10s to 100s of

new houses

= Allbuilding typologies
represented

= Average floor areas

calculated

= Actualand common
compliance fabric and
services specifications
identified

= High-rise examples provided

Evaluation of floor areas and designs used within the domestic building modelling
work were cross-checked againstreal life projects within Greater Manchester.
Information on planning application numbers was provided by the Greater

Manchester Combined Authority project manager.
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3.1.3 The Standard Assessment Procedure and the new Part L 2020 changes

The research work included the modelling of new domestic building typologies
through the usage of the government-approved Standard Assessment Procedure

(SAP). Atthe time of the report writing the version of SAP used for compliance
purposes was SAP 2012.

An interim SAP specification (SAP10) was released by BRE during July 2018. It
included proposed changes within the methodology as well as an update in terms of

primary energy and fuel carbon factors in light of new evidence produced relating to
the decarbonisation of the electricity grid.

Furthermore, on 1 October 2019 a new SAP specification was released, SAP10.1, by
BRE. Additional proposed changes were introduced, which included a further

modification of the carbon intensity factors in reference to the electricity grid.

On the same date (1 October 2019) the Future Homes Standard: changes to Part L
and Part F of the Building Regulations for new dwellings (FHS) consultation
documentwas released from the Ministry of Housing, Communities and Local

Government (MHCLG). Guidance for non-domestic buildings was notreleased at the
time of the report writing.

Critical elements within the new consultation documentinclude the following>:

= An expectation that an average home builtto the Future Homes Standard
2025 will have 75 - 80% less carbon emissions than one builtto current
energy efficiency requirements (Approved DocumentL 2013).

= Anintention to make new homes more energy efficientand to future-proof
them in readiness for low-carbon heating systems.

» Aninterim upliftin terms of energy efficiency standards and requirements for
new homes, through anew Part L 2020 containing two potential options:
= Option 1: 20% reduction in carbon emissions compared to the current

standard for an average home. This could®2 be delivered by very high

*1 Extracted from
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835536/Future_Homes_Stan
dard_Consultation_Oct_2019.pdf

%2 It would be possible to meet these standards via other solutions, for example, through the introduction of an ASHP and
withoutimprovements in energy efficiency.
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fabric standards (typically with triple glazing and minimal heatloss from
walls, ceilings and roofs).

=  Option 2: 31% reduction in carbon emissions compared to the current
standard. This could®? be delivered based on the installation of carbon-
saving technology such as photovoltaic (solar) panels and better fabric
standards, though notas high asin option 1 (typically double nottriple

glazing).

Other recommended changes include simplification of the language, structure and
presentation of the Approved DocumentL and F of the Building Regulations and
changes within the transitional arrangements for compliance purposes of new

developments.

The possible Future Homes Standard (2025) has the potential to support GMCA with
meeting the 2028 new developmenttargets. This is mainly due to the level of carbon
emissions reductions expected to be achieved in the construction of new homes. No
additional information is provided in terms of the performance of non-domestic
construction projects.

What needs to be noted is that the Building Regulations address only the ‘regulated’
carbon emissions. The FHS in that sense is not expected to address whole-life
carbon requirements. Furthermore, itis unclearif minimum renewable energy

generation thresholds will be introduced.
3.1.4 Thecarbon emissions (CO2¢) metric effect —conceptualising results

Energy demand from new buildings is converted into CO2e (CO2 equivalents)

through the usage of appropriate factors (commonly referred to as carbon factors).

These derive from government predictions in terms of the carbon intensity of various

fuel mixes and the carbon intensity of the electricity grid.

In fact, while carbon emissions are predicted based on energy requirements, this is
not necessarily true the other way around. Predicted carbon emissions cannot
provide enough information in terms of energy efficiency or energy demand

reductions achieved by a building.
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This can be easily demonstrated by using the following two examples:

= If a building was to consume the amountof energy required to run 20 houses
but all the energy used was from a renewable/carbon-free energy source the
carbon emissions during operation of that building would be predicted to be
zero.

» |f a new domestic building was to use substantially less energy than an all-
electric house butthe energy source used was gas, then in terms of carbon
emissions it would perform worse that the more energy-demanding all-electric

house.

As Figure 7 demonstrates, the carbon intensity of the electricity grid has recently
decreased and will continue to decrease moving forward. Data presented derived
from:

= Treasury Green Book supplementary appraisal guidance on valuing energy
use and greenhouse gas (GHG) emissions - Electricity Grid Average: showing
year by year the predicted carbon intensity of the electricity grid.

» The Standard Assessment Procedure historic and future forecasts of the

carbon intensity of the electricity grid — running up to 203553,

In Table 5 the history and the predicted carbon performance of the gas network is

provided.

If current predictionsin terms of the carbon intensity of the electricity grid are
accurate, then by the end of 2035 a house constructed today utilising only electricity
will perform almost 50% better in terms of carbon, even if the exact amountof energy

is still required to run the building atthat time.

Figure 9 to Figure 11 provide information on minimum fabric and services

performance parameters as shown withinthe new PartL consultation document.

%3 Emissions predictions for 2025-2035 were supplied by the BRE
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Treasury Green Book supplementary appraisal guidance
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Figure 7 - Electricity carbon factors

Table 5 - SAP currentand future carbon factors - gas

SAP SAP SAP SAP (2025-

2005 2009 2012 SAP10 SAP10.1 [2035)

Gas (Grid) |0.194 0.198 0.216 0.21 0.21 Likely 0.21
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Electricity Carbon Factors reduction (%)
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Figure 8 - Reductionsin carbon emissions fromthe electricity grid -% of change
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( Table 2 Limiting fabric parameters W

Roof 0.20 W/ [m*K)

wall 030 W/ m*K)

Floor 0.25 W/ (m™K)

Party wall 0.20 W/ (m*K)

Swimming pool basin' 0.25 W/ (m*K)

Windows, roof windows, glazed roof-lights?, curtain walling and pedestrian doors 2.00 W/ [m™K)

Air permeability 10.0 m*/{h-m?) at 50 Pa

Motes:

. Where a swimming pool is constructed as part of a new b-uildir:%areasonable provision should be made to limit
heat loss from the pool basin by achieving a U-value no worse than 0.25 W/(m*K) as calculated according to
BS EN 1SO 13370.

2. For the purposes of checking compliance with the Iirnitinﬁabric values for roof-lights, the true U-value based on
aperture area can be converted to the U-value based on the developed area of the roof-light. Further guidance on
evaluating the U-value of out-of-plane rooflli?hts is given in Assessment of thermal performance of out-of-plane
rooflights, NARM Technical Document NTD 2 [2010).

Figure 9 - Part L 2013 - Minimum fabric performance parameters

Table 3.1 - Minimum standards for fabric performance

External walls 0.26 W/im2 K
Party walls 020 Wim? K
Floor 0.18 Wim2 K
Roof 0.16 W/im2K
Windows 1.6 Wim2K
Roof-lights' 2.2 Wim? K

Door 1.6 Wim2 K

Air permeability 8m¥m?.K at 50Pa

"The U-value of upstands and builders’ kerbs is subject to the limiting U-value for external walls.

Figure 10 - Part L 2020 - Consultation documents proposed minimum fabric

performance parameters
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Table 3.2: Proposed revisions to minimum building services efficiencies and
controls for new dwellings
Application Current Proposed Comments

Part L 2013 | Part L 2020

standard standard
Gas boiler | 868% SEDBUK | 92% ErP Consistent with  Boiler Plus
efficiency 2009 measures for existing dwellings
Heat pump | SCOP 'D’ SCOP 2.80 Consistent with Ecodesign
efficiency =12kW standard

COP 25
Comfort EER 24 SEER 3.87 Consistent with Ecodesign
cooling cooled) standard
efficiency EER 2.5 (water

cooled)
Lighting 45 lamp lumens | 60 lamp | Uplift to reflect common practice

per circuit-watt lumens per

circuit-watt

Figure 11 - Part L 2020 - Consultation documents proposed building services

efficiencies and controls
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3.2 Development of the domestic archetypes — energy performance

specifications

In order to assess the impact of the energy hierarchy on the new domestic

archetypes’ baseline energy and carbon performance (Part L 2013 compliant), a
series of ‘improved performance’ scenarios were developed for each one of them.

This included a stepped improvementin terms of fabric performance (againsta Part
L 2013 notional model), two differentoptionsin terms of installed services provisions

(gas boilerand an all-electric air source heat pump), two options of heat recovery
(MVHR, WWHR) and renewable energy generation through the use of PV.

More than 300 models — variations of the six archetypes - were produced and
analysed.

The fabric specifications used in each one of the archetypes were modified to reflect

a range of advanced fabric performances. These included:

= Three naturally ventilated models

= Fourmechanically ventilated models

The naturally ventilated models commonly referred to as N1 to N3 models in the

report follow a stepped improvement with N3 getting close to Passivhaus standards
in terms of levels of insulation and thermal performance of windows achieved.

The mechanically ventilated models commonly referred to as M1 to M3 and ‘Very
High’ also follow the same improved fabric stepped approach.

The main differences when compared to the naturally ventilated models include the
high airtightness levels achieved in all mechanically ventilated models and the use of
mechanical ventilation heatrecovery systems (MVHR).
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The ‘Very High’ model is separated from the other mechanical models as its
specification competes with, and exceeds in occasions, the fabric specifications
commonly used in Passivhaus projects. It needsto be noted that M3 is also very
close to the Passivhaus standard specifications.

In all cases, the solutions utilised to improve the performance of the thermal

envelope (fabric) were deemed technically feasible and not ‘uncommon’ by the
researchers.

It is recognised that high levels of airtightness would require specific provisionsin
terms of sequencing of works on site, detailed design elements and special care
provided on site (skills and knowledge applying).

The specifications used in terms of thermal bridging, elemental U-values and

airtightness levelsin all archetypes are provided in detail in Tables 7 and 8 below.
Energy-efficientlighting was used in all models.
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Table 6 - Archetypes - fabric performance classification

Archetype Code Description

N1 Naturally ventilated house/flat — small improvement of fabric

performance compared to Part L 2013 minimum requirements

N2 Naturally ventilated house/flat — medium improvement of fabric

performance compared to Part L 2013 minimum requirements

N3 Naturally ventilated house/flat — high improvement on fabric
performance compared to Part L 2013 minimum requirements

(close to a Passivhaus fabric performance)

M1 Mechanically ventilated housef/flat — small improvement on fabric
performance compared to Part L 2013 minimum requirements,
high airtightness and installed mechanical ventilation heat
recovery system (MVHR)

M2 Mechanically ventilated house/flat — medium improvement on
fabric performance compared to Part L 2013 minimum

requirements, high airtightness and MVHR

M3 Mechanically ventilated housef/flat — high improvementon fabric
performance compared to Part L 2013 minimum requirements

(close to Passivhaus), Passivhaus airtightness levels and MVHR

Very High Mechanically ventilated house/flat — extreme improvement on
fabric performance compared to Part L 2013 minimum
requirements - Passivhaus airtightness and MVHR — potentially

exceeding Passivhaus performance
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Table 7 - Domestic building archetypes — thermal bridging

Thermal bridging Part L N1land | N2andM2 | N3and | VeryHigh
(Y_Va|ue) 2013 Ml M3
Notional

Detached House 0.048 0.045 0.040 0.035 0.025
End-terrace House 0.057 0.050 0.045 0.040 0.030
Mid-terrace House 0.068 0.065 0.060 0.055 0.030
End-terrace Townhouse| 0.070 0.060 0.050 0.035 0.025
Small flat — Midfloor 0.083 0.125 0.105 0.085 0.050
(TM)

Large Flat — Midfloor 0.087 0.115 0.105 0.095 0.050
(TM)
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Table 8 - Domestic buildings archetype fabric specifications

U-Values (W/m2.K) Natural ventilation | Mechanical ventilation

Airtightness (m3h.m? @50pa)

Element Part L 2013 N1 |[N2 N3 Very
Notional High

External 0.18 0.18 |0.15 |0.12 [(0.18 [0.15 |0.12 |0.095
wall
Ground 0.13 0.13 |0.12 |0.11 {0.13 |0.12 |0.11 [0.076
floor

@ Roof 0.13 0.11 |0.09 |0.09 [0.11 |0.09 |0.09 |0.074

% Door 1.20 120 {1.10 (1.00 |1.20 [1.10 |1.00 |1.00

% Windows 1.40 1.30 {1.00 |(0.80 |1.30 [1.00 [0.80 |0.80

§ Airtightness| 5 5 4 4 3 3 1 0.5
External 0.18 0.18 |{0.15 |[0.12 |0.18 |0.15 |0.12 |0.09
wall 5
Ground 0.13 0.15 |0.23 |0.11 {0.15 |0.13 |0.11 |0.07
floor 6

° Roof 0.13 0.11 |0.09 |0.09 {0.11 |0.09 |0.09 |0.07

é 4

o Door 1.20 120 {1.10 (1.00 |1.20 [1.10 [1.00 |1.00

% Windows |1.40 1.30 |1.00 (0.80 {1.30 [1.00 |[0.80 |0.80

-U% Airtightness| 5 5 4 4 3 3 1 0.5
External 0.18 0.18 |0.15 |0.12 {0.18 |0.15 |0.12 |0.09
wall 5

o Ground 0.13 0.15 |0.13 |0.11 {0.15 |0.13 |0.11 |0.07

(2]

3 |floor 6

g Roof 0.13 0.11 |0.09 |0.09 {0.11 |0.09 |0.09 |0.07

5 4

g Door 1.20 120 {1.10 (1.00 |1.20 [1.10 [1.00 |1.00
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Windows 1.40 130 ({1.00 [0.80 |1.30 [1.00 {0.80 [0.80
Airtightness| 5 5 4 4 3 3 1 0.5
External 0.18 0.17 |0.15 |0.12 {0.17 |0.15 |0.12 |0.09
wall 5
Ground 0.13 0.14 |0.13 |0.11 {0.14 |0.13 |0.11 |0.07

@ floor 6

é Roof 0.13 0.11 |0.09 |0.09 {0.11 |0.09 |0.09 |0.07

c

= 4

i)

Q Door 1.20 1.20 (1.10 |1.00 |1.20 |1.10 {1.00 {1.00

o

o Windows 1.40 130 (1.00 [0.80 |1.30 [1.00 {0.80 [0.80

o

5 Airtightness| 5 5 4 4 3 3 1 0.5
External 0.18 0.18 |0.15 |0.12 {0.18 |0.15 |0.12 |0.09

s  |wall 5

-

5 Walls to 0.18 0.21 |0.18 |0.15 {0.21 |0.18 |0.15 |0.12

o

5 corridor

S

| Door 1.20 1.20 (1.00 [0.80 |1.20 [1.00 {0.80 [1.00

IS

= Windows 1.40 130 (1.00 [0.80 |1.30 [1.00 {0.80 {0.80

©

£ | Airtightness|5 5 4 4 3 3 1 0.5
External 0.18 0.18 |0.15 |0.12 {0.18 |0.15 |0.12 |0.09

S  |wall 5

-

o) Walls to 0.18 0.21 |0.18 |0.15 {0.21 |0.18 |0.15 |0.12
o

S |corridor

S

| Door 1.20 1.20 (1.10 |1.00 |1.20 |1.10 {1.00 {1.00
IS

f) Windows 1.40 130 ({1.00 |0.80 |1.30 [1.00 {0.80 {0.80
(@]

< Airtightness| 5 5 4 4 3 3 1 0.5
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3.3 New domestic buildings — energy types

3.3.1 Energy demand types —regulated and operational unregulated energy

demand analysis

The GMSF currentenergy and carbon policy (19% DER/TER Part L 2013) includes
regulated energy only. Regulated energy is the one currently assessed against legal

Part L compliance requirements.

» Regulated energy use: Part L considered energy use and associated carbon
emissions. This currently includes heating, generation of domestic hotwater
(DHW), installed services energy requirements (including ventilation) and fixed

lighting.

= Operational unregulated energy use: Occupantlifestyle-based energy
demand predictions as produced currently by SAP 2012. Referred to

commonly as plug-loads.

Both types of energy demand were estimated and considered within the new

domestic buildings’ archetype models.

Technically feasible solutions were assigned to the archetype models to address the

energy requirements.

The models used include both passive and active technologies and systems to

reduce energy demand.
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Figure 12 measures refer to energy demand reduction provisions.

Energy demand |Energy needed for Measures to reduce energy

consumption

Regulated Heating Fabric performance

Energy recovery ventilation
(MVHR)

Increased efficiency of services

Domestic Hot Water generation | Waste water heat recovery
(DHW) (WWHR)

Photovoltaic/solar panels and

thermal store

Increased efficiency of services

Installed lighting systems Energy-efficientlighting
Operational User Appliances Better-rated appliances
unregulated User behaviour change

Figure 12 - Regulated and operational unregulated energy demand reduction

approaches
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4. New domestic buildings archetypes - energy demand
Key findings:
4.1 Space heating and DHW requirements (no services efficiency considered)

4.2 Energy-efficient services, impact on space heating and DHW energy

demand

4.3 Operational unregulated energy demand

= The energy hierarchy provides a non-prescriptive optimised preferred
approach that delivers a net-zero carbon developmentfrom 2028.

» Space heating demand reduction was demonstrated through the
introduction of advanced fabric specification including both natural
ventilation and mechanical ventilation options.

= SAP 2012 Box 98 space heating demand requirements indicated the
performance of the new domestic buildings in terms of required energy for
space heating excluding the contribution of the efficiency of the heating
services installed (fabric only).

= Domestic hot water (DHW) generation demand only relied on occupancy
levels and generation services efficiencies (heat pumps).

= The introduction of highly energy-efficient services, eg heat pumpsin
combination with passive heatrecovery systems (waste water heat recovery
systems) can contribute to DHW energy demand reductions.

= Operational unregulated energy demand does not rely on building standards
but occupant preferences and can only be offset utilising on-site energy

generation means (such as PV).
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‘ Recommendations:

Considerthe introduction of requirements referring to space heating
demands as assessed prior to considering the efficiency of services
providing the heating.

Space heating demand thresholds of 30 kwWh/m? for houses and 25 kWh/m?2
for flats per year would be easily achievable in most instances by using an
N2/N3 natural ventilation fabric specification oran M2/3 mechanically
ventilated fabric specification (MVHR included). The thresholds can be
reassessed and reduced in 2025 and be tightened to 20 kWh/m? for houses
and 15 kWh/m? for flats (achieved through an M2/3 mechanically ventilated
fabric specification, no naturally ventilated solutions).

Domestic hot water energy demand from the grid can be reducedto 15
kWh/m? per year (houses and large flat) and 20kWh/m? per year (smaller
flat) by utilising an energy-efficient DHW generating system such as an
ASHP and WWHR systems.

Complete operational unregulated energy use and carbon offsetting through
the utilisation of PV might not be feasible on top of additional requirements
for energy generation through PV on site. Depending on energy generation
requirements, consider the inclusion of operational unregulated energy use
to the target upon the introduction of the Future Homes Standard to ensure
alignmentwith current policy requirements and the option to offset through
the Carbon Offset Funds.
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4.1 Space heating and DHW requirements (no services efficiency
considered)

4.1.1 Regulated energy demand (space heating)

The space heating demand requirementwas calculated for all models and all

archetypes. SAP 2012 version was used for these predictions.

The results of the impact of the advanced fabric standards on space heating

requirements, when solar and internal gains are considered, along with the impact of
the ventilation systemsis shown in Figure 13.

All models achieved space heating levels of < 15kWh/mZ2.year when the M3 fabric
specification was utilised. In terms of the Very High fabric specification, this led to

even greater reductions in space heating energy demand of <10 kWh/mZ2.year.
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Space Heating Demand (Fabric and Ventilation)
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Figure 13 - Space Heating Demand (kWh/m2.year) — SAP 2012 Box 98

SAP Box 98: The ‘useful’ energy required from the heating system each month is calculated from internal and external temperatures and the heat transfer coefficient

allowing forinternal and solar gains. Totalled over one year this quantity is known as the dwelling’s space heating requirementand is calculated at SAP worksheet Box
98. %4

% The Govemment’s Standard Assessment Procedure for Energy Rating of Dwellings, Version 10.1 https://www.bregroup.com/wp-content/uploads/2019/10/SAP-10.1-10-10-2019.pdf
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As the fabric specifications improved, a big portion of the regulated energy

consumption was attributed to domestic hotwater (DHW) generation requirements
(Table 9).

Table 9 - DHW demand — services efficiencies notincluded (includes distribution and

storages loss calculations)

Occupancy SAP  DHW | Floor DHW DHW DHW
2012 (/day | areas |(kWhl/yea| (kWh (kWh /m?2.

(people) ) (m?) r pp.year) Year)

Detached house 285 |[101.9 117 2161 758 18

End-terrace house | 254 | 945 84 1626 640 19

Mid-terrace house | 2.54 | 945 84 1626 640 19

End-terrace 2.62 | 96.4 90 2103 803 23

townhouse

Small flat — 148 | 69.5 43 1232 832 29

midfloor

Large flat — 2.25 87.6 70 1517 674 22

midfloor

4.2 Energy-efficient services, impact on space heating and DHW energy

demand

All models were assigned and assessed using two differentenergy delivery systems
in terms of supplying space heating and DHW requirements. These included the

utilisation of a gas boiler system (SEDBUK 89.1%) and an air source heat pump
(ASHP) with a coefficient of performance 2.5 (COP 2.5).

The efficiency of the services used will dictate energy demand required from the gas
and electricity grids.
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The energy demand reduction as calculated for the same detached house archetype

using different services to supply space heatingand DHW to the property is shown in
Table 10.

Table 10 — Detached house -Part L 2013 model - boiler and ASHP grid energy

demand

kWh/year Space |DHW Pumps |Lighting|Total Total Total
heatin |generatio and electricity |energy

g n fans

Part L 2013 5179 |2578 75 443 7757 |518 8275
boiler 89.5%

Model (actual) 5189 |2555 75 443 7744 |518 8262
boiler — 89.1%

Model (actual) 2816 |[1271 30 443 - 4560 4560

ASHP (LT
COP2.5)

The utilisation of avery energy-efficient service as in the case of the ASHP,
compared to the use of a boilerled to a grid energy demand reduction of almost
45%.

Main impacts in terms of utilising an ASHP instead of a boiler:

= Reduction inthe energy required from the grid to deliverthe space heating.
» Reduction inthe energyrequired from the grid to deliver the DHW.

» Reduction in the energy required from the grid in terms of pumps and fans.
= Allthe energy required from the grid switched to electricity.

It needsto be noted that the price of electricity moving forward is predicted to be on
average almost fourtimes higher per kWh than gas.

4101145 www.curriebrown.com | page 105



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

421 Heatrecovery systems — MVHR and WWHR

Both MVHR and WWHR systems were utilised in the models.

MVHR systems can be applied to domestic buildings meeting high airtightness
standards (< 3m3/m?h @50Pa, presentin all M-fabric specification and almosta
defaultoption for ‘Very High’ standards).

MVHR energy demand reduction is achieved through an ‘energy needed for heating’
reduction. As MVHR systems are embedded, they are considered as part of the
fabric option.

While the space heating energy demand reductions due to the effect of the MVHR
systems was already included within the mechanically ventilated models results, this
was not true for the WWHR.

WWHR can be installed in main and en-suite bathrooms. The energy demand

reduction is achieved through an ‘energy needed for DHW’ reduction.

» The useof the ASHP led to a DHW grid energy demand reduction of 35-50%.

» The use of a WWHR system in all models provided an additional 10-20%
DHW grid energy demand savings.

4.2.2 Renewable heat and renewable energy generation

Renewable energy contributions to the energy and carbon performance of the
models were considered both in the sense of renewable heatgeneration, through the
utilisation of heat pumps, as well as renewable energy generation (electricity) through
the use of PV.

The impact of both elements was reviewed within the context of regulated and
operational unregulated energy demand.

It needsto be clarified that the use of renewable energy technologies does not
necessarily associate with impact on the buildings’ energy demand. In the case of
electricity generation, as achieved for example through the installation of PV
systems, the energy generated offsets the energy that would have been used from

the grid to cover for the particular need.
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In the case of ASHP, the renewable heatgenerated is calculated based on COP of

the heatpump. As this is more than 100%, 1 unitof electricity produces x amounts of
heat (>1).

It is that difference (COP-1) produced for the sake of the RHI that is the potential
domestic renewable heatgeneration.

While this is a method commonly used to identify the carbon impact contributions of
the ASHP to the final as-built, from an energy demand perspective, the impact of
utilising an ASHP is already considered in the models in the sense of a space
heating and DHW energy demand reduction, but not within the concept of renewable

heat generation.

= Renewable electricity generation (PV)is dissociated from the performance of
the building, and as discussed later should be disassociated in terms of policy
requirements in the form of DER/TER Merton Rule types. While it will be
accounted within potential carbon savingsitshould be set apart as a minimum
energy generation requirement.

» Heat pumps contribution to renewable energy/heat generation can be
accounted in the sense of energy/carbon savings. Avoiding a DER/TER
Merton type of rule will allow for more appropriate evaluation of energy

generation.

4101145 www.curriebrown.com | page 107



e T dO0D dHSY - Y5IH AJap
—— 7 dJOJ dHSY - €N
——— " C dOD dHSY - TN
ST dOD dHSY - TIN
S°C dOJ dHSY - EN
§°C€ dOJ dHSY - CN
S'C dO2 dHSY - TN
S°C d0J dHSY - |enay

%8°68 13[109 - YSIH Alap
%168 191109 - €N
%168 191109 - TN
%T'68 421109 - TN
%T'68 12109 - €N

%T'68 12109 - TN

%1'68 19109 - TN

%168 13104 - [endY
|BUOHON ETOZ 114ed
6'€ 40D dHSY - YBIH Adap
S°7d0D dHSY - €N
S°7d0D dHSY - TN
S°7d0D dHSY - TN

§°7 d0D dHSY - €N
§'7d0D dHSY - TN
§°7d0D dHSY - TN

S'Z d0D dHSY - [emaY

Small Flat

%8°68 139|109 - Yy3IH Alap
%168 121109 - EN
%168 121109 - TN
%T'68 121109 - TN
%T'68 Ja|log - €N

%1'68 12109 - ZN

%T'68 Jallog - TN

%168 13109 - [enjdy
[BUONON ETOZ 111ed
6'€ d0D dHSY - YSIH Adap
G'2d0D dHSY - EN

G2 d0D dHSY - TN

S d0D dHSY - TIN
S°7d0D dHSY - €N
S'2d0D dHSY - ZN
S°2d0D dHSY - TN

57 d0D dHSY - [Emay

%868 19[10€ - YSIH AJaA
%1'68 191109 - EN
%1'68 121109 - TN
%T1'68 1ajlog - TW
%168 12]10d9 - €N
%1'68 12106 - ZN

%168 13109 - TN

%168 421104 - [ENRY
|BUORON €TOZ T Med

Regulated Energy Demand per year (kWh per year)

6°€ d0D dHSY - USIH Asap
S°7d0D dHSY - €N
S°7d0D dHSY - TN
S°7d0J dHSY - TIN
§'7d0D dHSY - €N

§°7 d0D dHSY - TN
S'7d0D dHSY - TN

57 d0D dHSY - [EMoY

%868 191106 - YEIH AJap
%T'68 191109 - EIN
%T'68 191109 - TN
%T'68 131109 - T
%168 191109 - €N

%T'68 191109 - TN

%168 191109 - TN

%T'68 Jaj10d - [EmaY
[PUORON €TOZ 1 11Ed

6'€ d0D dHSY - Y3IH Ao
S'2d0J dHSY - €

ST dOJ dHSY - TN
S'CdOJ dHSY - TN
S'Cd0J dHSY - EN
S'Cd0D dHSY - ZN

S'C d0J dHSY - TN
S°CdOJ dHSY - [endY

%868 13]10d - YSIH AJaA
%1'68 121109 - EN
%T1'68 1allog - TW
%1'68 121109 - TW
%1'68 12104 - EN
%1'68 13|10d - ZN

%168 42109 - TN
%168 Jajlog - [EMIY

|BUORON €TOZ T Hed

6'€ d0D dHSY - YSIH Adap
S'2d0J dHSY - €
S'€d0J dHSY - TN
S§'2d0J dHSY - TN
S'C€d0OJ dHSY - EN

S'C d0J dHSY - ZN

S'C d0OJ dHSY - TN

ST d0OJ dHSY - [enpyY

%8°68 193|109 - Y3IH Atap
%T'68 1a)10d - €N
%T'68 121109 - TN

%168 191109 - TN

%168 13109 - EN

%168 J9[109 - ZN
%1'68 J3lod - TN

%168 Jaj10g - [EmOY
[EUONION €T0Z 111Ed

10000
9000
8000
7000
6000

Carbon and Energy Policy Implementation Study

Greater Manchester Combined Authority
30 April 2020

1eaA 1ad Yy

Large Flat

www.curriebrown.com | page 108

End-terrace Townhouse

W Total Electricity

M Total Gas

Mid-terrace House

Figure 14 - Annual regulated energy demand - archetype models
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4.3 Operational unregulated energy demand

The operational unregulated energy demand, for all different new domestic building

archetypes was predicted by utilising SAP guidance.

Table 11 — Operational unregulated energy demand and PV generation
PV PV

required = required

Unregulated _ _ Total per Total
Cooking Appliances to offset = to offset
energy year per year
energy energy

demand demand

(KWh/m?2 (kWh
(kWh/m? (KWh/m? (% of floor
(SAP 2012) per per (kWp)
per year) | per year) area)
year) year)
Detached
7.4 275 34.9 4079 4.7 59%
house
End-terrace
9.9 30.9 40.8 3428 4.0 69%
house
Mid-terrace
9.9 30.9 40.8 3428 4.0 69%
house
End-terrace
9.4 304 39.8 3579 4.1 101%
townhouse
Small flat —
_ 16.7 34.3 51 2191 25 4395
midfloor
Large flat —
_ 11.6 32.2 43.8 3063 35 37%°°
midfloor

In terms of accuracy of operational unregulated energy demand predictions
produced, information extracted from the Energy Follow-Up Survey 201156 appeared

to be in agreement with SAP estimates.

%5 Note that the available roof area perflat will diminish as the number of stores increases, therefore forthe small/largeflat
gﬁptions modelled there would be insufficient roof space for the necessary PV ifthe blockwas more than two storeys.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/274778/9_Domestic_applianc
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‘The median electricity consumption of the data is 3,914 kWh/year (mean = 4,628

kWh/year). Analysis of the data shows that around 30% of homes consume between
+/- 10% of the median.’

‘Electricity is the dominantfuel used in ovens (almost 70% of households with ovens
have electric ovens and just under 30% have gas ovens). For hobs, the prevalence
of fuels is reversed with gas being the dominant fuel (38% of households have
electric hobs, whereas 61% have gas hobs).’

Unregulated energy demand was on average almost 50% more than the energy
required for DHW generation. In terms of demand per m2 it was also similar to the

space heating demand prior to adapting the models to higher fabric specifications.

It needsto be noted that while the carbon emissions from cooking are calculated
within SAP 2012 using afunction of occupancy and total floor area variables, the
emissions calculated are notassigned to a specific fuel type used.

For the generation of the cooking energy demand within the research work, the
predicted carbon emissions were converted to energy demand by utilising the gas

carbon emission factors.

An all-electric unregulated energy demand would require the same amount of energy
generation from a PV installation in order to offset all associated emissions. It
became apparent that all electric housing will require an additional installation of 2.5-
5kWhp PV (18-37m?) to cover the operational unregulated energy use of the different
archetypes.

es__cooking_and_cooling_equipment.pdf
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5.1

New domestic buildings archetypes - carbon emissions

Energy demand and carbon performance of the models

Key findings:

5.1 Energy demand and carbon performance of the models

5.2 Models predicted carbon emissions

5.3 Renewable energy impact on predicted carbon emissions

The 20 and 31% DER/TER improvement targets over the Part L 2013
baseline were achieved by almost all models utilising N2,N3, M1, M2 and
M3 fabric specifications and a gas boiler even withoutthe use of PV.

Allthe models that utilised an ASHP met the Part L 2020 target irrespective
of the fabric specifications used (even minimum PartL 2013 fabric
specification complied).

Heat pumps impact on carbon emissions reductions was significantas the
model’s performance was compared against the Part L 2013 notional
building which utilises a gas boiler as the main energy source. Being all
electric, heatpumps hugely benefited fromthe reduced carbon emissions of
the electricity grid. Energy demand reductions were also achieved because
of the heat pumps embedded increased efficiency.

Because of the ever-decreasing carbon intensity of the electricity grid, the
contribution of renewables to carbon reductions depended on the
technology used.

Heat pumps energy displacement and energy savings due to their increased
efficiency are compared to the energy requirements of a gas-based solution
(the Part L 2013 notional building), and therefore the carbon savings could
be overestimated as the gas carbon factors are used (energy displacement
— gas).

PV energy generation displaces electricity energy demand of the models, to
which case the electricity carbon emission factors are used to estimate the
impact of PV onto predicted model carbon emissions. This means that from

a carbon emissions perspective, the renewable energy contribution to

4101145
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predicted carbon emissions reductions would constantly reduce when

anotherfuelisalso usedin the model and remain constantin terms of

models utilising all electric solutions.

‘ Recommendations:

= While carbon emissions are a recognised metric for assessing the

environmental impact of new buildings, it is recommended that predicted
energy demand is also utilised as part of the GMSF carbon and energy
policy.

= A potential carbon performance improvement requirement from renewable
and low-carbon energy solutions might become challenging to satisfy
through the usage of PV due to the ever-decreasing carbon intensity of the
electricity grid. Pending confirmation on how this assessmentwill be
conducted through the introduction of the new Part L 2020 and associated
SAP, a target based on energy generation or amountof energy
displacement could be a better proxy to enable further PV installations.

» A potential introduction of a 20% PV coverage of roof space of domestic
buildings during 2020-2025 as a minimum, tightened to 40% for 2025-2028
can be considered. It needs to be noted that in the case of high-rise and
flats the contributions to the overall block energy consumption will be much

smaller when compared to houses.
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5.2 Models predicted carbon emissions

All archetype models assessed in terms of carbon performance were reviewed

utilising the expected carbon factors at the time of the policy implementation.

SAP10.1 factors (expected for Part L 2020) were used to cover the 2020-2025
period. Carbon performance was compared againsta Part L 2013 new domestic

building builtto the minimum requirements.

The assessment of compliance with the Future Homes Standard 2025 was done
using the SAP 2025-2030 carbon emission factors.

All results are shown in Table 12.

Lightgreen indicates those options meeting Part L 2020 consultation Option
1

(20% improvement)

Darker green indicates those options meeting Part L 2020 consultation
Option 2
(31% improvement)

Grey indicates options compliant with the target performance range for the
FHS
(~70-80% improvement)

= The majority of the naturally ventilated models met the 20% improvement

standard utilising the N2 and above specification and a gas boiler.

» The majority of the naturally ventilated models met the 31% improvement

standard utilising the M2 and above specification and a gas boiler (no PV).

= No changewasrequired in meeting the Part L 2020 targets in all models

utilising heat pumps.

» The Future Homes Standard 2025 was only met by models utilising heat

pumps and with a natural ventilation specification of N2 and above. Almost all
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mechanically ventilated models using a heat pump met the target even with
the lowest M1 specification used (M1).

Figure 15 to Figure 17 demonstrate the impact of the grid carbon emission factors
moving forward. It became apparent that the all-electric solutions are hugely
benefited by the decarbonisation of the grid in terms of the predicted carbon

performance of the properties.

This is the case for operational unregulated energy use too. In effect, while the
predicted energy demand requirements of the archetypes remain constantin time, at
the time of the evaluation the carbon intensity of the grid will dictate their predicted

carbon performance.

From an environmental perspective, it is positive to showcase the continuously

reduced carbon impact of electricity generation.

Nevertheless, the energy demand indicates not only the carbon performance of the
property but also its associated running costs, impact on grid capacity and other
parameters that should notbe hindered by a strong focus on carbon performance

only.
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Table 12 — Housing models DER/DER Actual*improvement (% reduction) - compared to Actual - SAP 2012 CO2e factors

Percentage improvement on Part L 2013

SAP10.1 factors

SAP 2025-2030

SAP10.1 factors

factors
Actual | 0% 0% Actual
N1 15% 15% N1
N2 21% 21% N2
N3 27% 28% N3
M1 29% 29% M1
c
© S M2 34% M2
o 3 5
= o |M3 48% = M3
5 9 S
cfé S |Very 53% S |Very
— . I .
4] g |H igh ¢ |High
o) O <
Actual | 0% 0% Actual
N1 17% 17% N1
N2 23% 23% N2
N3 30% 30% N3
M1 33% M1
3 =
= S M2 35% M2
.8 =) g
o & |M3 48% = M3
© o S
3 S | Very 57% é’ Very
e Q| High » |High
i O <
Actual | 0% 0% Actual
N1 17% 17% N1
N2 22% 23% N2
N3 27% 28% N3
M1 35% M1
(O]
c
5 S | M2 40% M2
2 = <
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Percentage improvement on Part L 2013

SAP10.1 factors SAP 2025-2030 SAP10.1 factors SAP 2030-2035
factors factors
Actual Actual
N1 17% 18% N1
N2 23% 24% N2
N3 29% 29% N3
M1 39% M1
[
2 M2 39% M2
= |2 5
= % M3 48% = M3
g |2 3
= 8 |Very 52% o |Very
© ) . I .
£ g | High 0 |High
wn O <
Actual 0% 0% Actual
N1 15% 18% N1
N2 21% 24% N2
N3 27% 29% N3
M1 29% 37% M1
[
2 M2 41% M2
= |3 5
e @ | M3 52% S |M3
g |2 E
o 8 |Very 58% o | Very
S |2 |High & |High
S R g < g
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Figure 15 - Detached house carbon performance — gas boiler
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Figure 16- Detached house carbon performance — air source heat pump
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Figure 17 - Detached house carbon performance — operational unregulated energy use related emissions
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53 Renewable energy impact on predicted carbon emissions

5.3.1 Theeffect of heat pumps on carbon reductions through renewables

Heat pumps are classified as a means for renewable heatgeneration. Appropriate
guidance is provided by Ofgem. Heat pumps qualify for the new domestic renewable

heat incentive (existing domestic buildings only).

In order to assess the impact of the heat pump in terms of renewable heating, and to

assess its contributions to overall carbon performance improvement, the following
method was selected.

= Utilise the gas boiler models as the baselines —their DERs (Nx, Mx and Very
High variations of all archetypes).

= Compare the DER/TER (TER based on Part L 2013 concurrent notional
building).

= Calculate the carbon savings as a percentage of carbon emissions decrease
for the same models if an ASHP was to be used instead of the gas boiler
system.

This method is also demonstrated graphically in Figure 18.

Figure 19 shows the carbon emission reductions attributable to the use of an air
source heat pump based on the detached new domestic building archetype.

As it can be observed, the continuous decarbonisation of the electricity grid, and the
comparison of an all-electric solution to the Part L 2013 concurrentnotional
specification thatincludes a gas boiler system, provides an ever-increasing carbon
benefitassociated with the use of heat pumps.

Heat pumps with higher efficiencies would have led to even higher predicted carbon
savings in the models.
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Figure 18 - ASHP carbon emissions reductions contributions calculation method
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Figure 19 - Detached house - carbon savings attributable to the use of an air source heat pump (ASHP)

4101145 www.curriebrown.com |page 121



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

5.3.2 Theeffect of PV

The impact of PV energy generation on predicted carbon emissions was evaluated

for all models both in terms of regulated and operational unregulated energy use.

The contributions of PV on energy demand and carbon performance is threefold. It

includes the following:

= Electricity energy generation, depends on the size of installation and
technology used — contributes to domestic hot water generation as well as
reduced running costs.

= Reduction in regulated energy use deriving carbon emissions (DER), depends
on the carbon emission factors of the electricity grid and amount of electricity
generated.

= Reduction in operational unregulated energy use deriving carbon emissions,
depends on the carbon emission factors of the electricity grid and amount of

electricity generated.

The impact of PV installations on the carbon performance of the different models was
evaluated againstdifferent points in time, following the decarbonisation of the
electricity grid.

The energy generated by a PV installation in SAP is considered as energy displaced
from the electricity grid, and therefore the same carbon intensity factor to that of the

electricity grid is assigned to the PV generated energy.
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Figure 20 - Impact of electricity grid decarbonisation on PV (1kWp) installation

As shown in Figure 20 the ability of the PV generation to improve the carbon

performance of the house continuously decreases as the electricity grid becomes
more decarbonised.

Main observationsinclude:

= Ever-increasing amountof PV installations will be required in the future to
compensate for the same amountof carbon emissions produced.

= The impact of PV energy generation on carbon emissions is expected to
become insignificant as the electricity grid decarbonises.

= The amountof PV required to offset carbon emissions produced by the use of
carbon-intense fuel mightbecome prohibiting in terms of available roof space

for installation on buildings.
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5.3.2.1 PV offset —regulated energy demand

The research looked into all three influencing factors. As a proxy, a 2kWp PV

installation was assumed for houses and 0.75kWp for flats.

The amount of energy generated by the installations, as estimated using SAP 2012,
was removed from the total energy demand predicted for all archetypes and

specification variations (Nx, Mx and Very High produced). Results are shown in
Figure 23 - Figure 28.

While the energy demand reductions for each model were substantial, upon PV
installation the impact on the overall predicted carbon emissions of the building
(DER) was not equally affected.

The carbon emissions reductions achieved with a 2kWp PV installation, using the
detached house as a proxy, are shown below in Figure 21 and Figure 22.

As it can be observed, the ability of the PV to offset carbon emissionsis reducingin
time due to the fact that the displaced grid electricity is of a low carbon intensity.

In the case of ASHP options, the displaced electricity counters the carbon deriving
from the energy consumption of the system, on the basis that the energy

consumption is based on an all-electric solution (Figure 22).

This is notthe case in the options utilising gas boilers, since the carbon intensity is

considered stable during the period of time under evaluation (Figure 21).

Nevertheless, the contribution of PV to energy demand reduction and running costs
offsetting becomes significantas services move to all electric options.

4101145 www.curriebrown.com | page 124



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

Table 13 - PV installation as a portion of ground floor area (proxy for roof space area)

Archetype PV (kWp) % of GFA>’
Detached house 2 25
End-terrace house 2 35
Mid-terrace house 2 35
End-terrace townhouse 2 49
Small flat — midfloor 0.75 13
Large flat — midfloor 0.75 8

" Ground floorarea can be assumed to be equal to total roof areain the case of houses with flat roofs and same floor plans
acrossthedifferent storeys
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Figure 21 - Detached house - regulated energy use - COZ2e reductions (%) through 2kWp PV — gas boiler
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Detached House - CO2e savings (%) due to the use of 2kWp PV - ASHP options
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Figure 22 - Detached house - regulated energy use - COZ2e reductions (%) through 2kWp PV — air source heat pump
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www.curriebrown.com | page 128

mmmm Total energy (kWh) mssm Total (PV 2kWp Houses - 0.75 kWp Flats)

4101145



Carbon and Energy Policy Implementation Study

Greater Manchester Combined Authority
30 April 2020

1oeduwl Ad - uoilonpal Adlaua |ejo|

100%
0%

6'€ d0OD dHSY - YSIH AJap
§'Z dOD dHSY - €W
§'C dOD dHSY - TN
§'C dOD dHSY - TIN
§'C dOD dHSY - €N
§'C dOD dHSY - ZN
§'C dOD dHSY - TN

SC dOI dHSY - |BEMOY

%8°68 13109 - YSIH AJap

%168 19]10g - e

End-terrace House

%168 191109 - (W

wl'68 191109 - T

%168 19]10d - €N

%168 19]10d - (N

%168 19]10g - IN

%168 19]l0g - [ENOY

[eUONON ETOT 1 Med

(- =2 (- = =

S 8 8 B

S
m c0 o = ™

(1e9A 1ad yany) AS1au] paiensay

PV energy demand reduction

End-terrace House

Figure 24 - End-terrace house - regulated energy demand reduction due to PV (2kWp)
www.curriebrown.com | page 129

mmmm Total energy (kWh) = Total (PV 2kWp Houses - 0.75 kWp Flats)

4101145



Mid-terrace House

Carbon and Energy Policy Implementation Study

Greater Manchester Combined Authority
30 April 2020

1edwl Ad - uollanpal Agiaua |ejol

100%
80%
60%
40%
20%
0%

6'€ d0J dHSY - USIH Asap
§'Z dOD dHSY - €N
§'Z dOD dHSY - TIN
§'C dOD dHSY - TIN
G'Z d0D dHSY - €N
G'Z dOJ dHSY - TN
§'Z dOJ dHSY - TN

5°C dOJ dHSY - [ENDY

%868 13]10g - YSIH A1ap
%168 13]l0g - €N
%168 13]10g9 - TN
%168 43]l0g - TIN

%168 13[10d - EN

%168 13[10d - N

%168 13]10d - TN

%168 19]l0g - |ENPDY

[EUORON €T10Z 1 HEed

- (- (- -

m -
BEEE

(1e9A 1ad ypnd) ASi1aul pailengday

PV energy demand reduction

Mid-terrace House

Figure 25 - Mid-terrace house - regulated energy demand reduction due to PV (2kWp)
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Figure 27 - Small flat - regulated energy demand reduction due to PV (0.75kWp)
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Figure 28 - Large flat - regulated energy demand reduction due to PV (0.75kWp)
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5.3.2.2 PV offsetting unregulated energy demand

A mixed (gas and electricity) unregulated energy demand would require additional
installation of PV to offset the gas-associated carbon emissions. The amountof PV
required would be ever-increasing as carbon emissions saved are attributed to the

PV energy generation based on the ever-decreasing carbon intensity of the electricity
grid.

This would remain true in all electricity-generating renewable energy technologies, if
the methodology used to estimate the carbon savings was to align savings to grid
electricity displacement.

Previous work on setting the carbon compliance levels undertaken by the Zero
Carbon Hub®8 demonstrated a PV to floor area ratio of 40% as the limit for coverage
of the roof, after which additional PV installations increase the technical risk of the
project (space limitation, access, layouts and design). In that sense and considering
the limited floor space of the small flats it needs to be noted that a maximum of 0.75
kWp could be used if the flats were part of a three-storey building. In the housing
models a 20% roof coverage (flat roofs) would translate into 0.8 to 1.6 kWp and for
40% into 1.6 - 3.2 kWp PV installed capacity.

The PV installation space requirements (as a % of floor area) of the detached house,
are provided below as a reference (Figure 29) if all operational unregulated energy
associated carbon emissions were to be offset using PV. It becomes obvious that this
would be unachievable after 2035 in gas cooking options while all electric system

solutions would require almost 60% of the roof area to be covered in PV. No
regulated energy carbon emissions were considered.

58

http://www.zerocarbonhub.org/sites/default/files/resources/reports/Carbon_Compliance_What_is_the_Appropriate_Level_for_20
16.pdf
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Figure 29 - Detached house - PV requirements for carbon offsetting — operational

unregulated energy use
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New domestic buildings - cost

Key findings:

6.1 Cost analysis basis

6.2 Occupant running costs

Meeting the highest modelled fabric standard and including 1.25 kWp of PV
and both WWHR and ASHP does not increase the construction costs in any
of the models by more than 6%.

In general, the fabric upgrades required in the case of the more thermally
efficientarchetype forms of mid-terrace properties and flats were
substantially less than archetypes with a lot of exposed elements (detached
and end-terrace properties).

In absolute terms, meeting the Very High standard at the detached
archetype new domestic model was the most expensive uplift, with
additional construction costs of around £9000 predicted (excluding
installation of PV).

Operating costs including maintenance and running costs are affected by
both the fabric performance standards used as well as the type of services
selected to supply the new domestic buildings with space heatingand DHW
generation. Additional running costs could be incurred if all-electric solutions
were to be occupied due to the higher cost of electricity if appropriate energy
demand reduction provisions are notin place.

In the case of all-electric solutions, costs savings could be achieved through
the implementation of passive and active heatrecovery services, on-site

energy generation and the removal of the gas standing charge.
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‘ Recommendations:

The cost uplifts associated with the differentlevels of energy and carbon
performance improvements are expressed in current cost terms and can be
utilised in the GMSF viability assessmentwork.

Consideration should be given when specifying high levels of energy and
carbon performance from a capex perspective. This is because specialist
skills, technical knowledge and expertise mightbe required to deliverthe
projects. Such costs were not included in the currentresearch work.

For certified houses, such as Passivhaus, additional costs will be incurred
for the certification process. Whether or not a Passivhaus or similar standard
is introduced within the GMSF, as mentioned earlierin the report,
introducing QA processes are key to delivering the targets.

While the cost upgrade is not prohibiting to requiring some of the highest
specifications’ standards, consideration should be given as to the local skills
and knowledge, quality of housing and summer overheating. A stepped
approach in meeting high-end standards mightbe required prior to
implementing a very strict carbon and energy policy.

The cost of moving to heat pumps and mechanical ventilation systems is
similar to the cost of achieving similar fabric performance levels with
naturally ventilated buildings. This is because of the benefit of smaller
heating distribution networks and number of radiators required. Such service
solutions (heat pumps and similar technologies), categorised as active
measures, would require additional provisions in terms of commissioning
and maintenance routines, part replacements and controls. Additional user
guidance mightbe required in terms of operating such properties and
accessing local technical support.

Attention should be given to expected annual bills for the residents when all
electric solutions are considered. Special recommendations should be
provided from a policy perspective in terms of energy demand reductions
and appropriate levels of energy generation negating additional costs
expected from the higher electricity price of electricity.

4101145
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6.1 Cost analysis basis

Cost analysis considered the additional costs of improving the fabric specification in
the differentnew domestic building archetype models produced, the incorporation of

passive energy saving measures such asthe MVHR and WWHR systems, the
installation of ASHP and the use of PV in all models.

Costs are based on Currie & Brown’s professional experience of project costs and
are developed from detailed specifications of the full range of cost implications for
each element. Cost uplifts were reviewed againsta current Part L 2013 new

domestic building, reflective of the shape and form of each new domestic building

archetype produced as part of the research.

For the high-rise small and large flats, it was expected that the fabric specifications
thermal performance uplifts required to achieve the Nx-Mx and Very High series
would be similar to those of traditionally constructed low-rise flats. This assumption
was considered as valid when addressing fabric elements and the thermal

performance upliftrequirements.

The reason for thisis that the construction materials used would need to be replaced
with similar materials of a ‘better’ performance, with a proportionate cost upliftto
those of traditional construction materials, as this could involve better insulation or
windows upgrades. Nevertheless, it needs to be noted that these assumptions would
only apply in the case of high-rise flats with similar proportions of materials used, with

similar windows-to-walls surface ratios and thermal bridging details.

A cost differentiating factor between low- and high-rise flats is usually the installed
services selected and the way energy and heatis distributed around the building.
Variations in the technological solutions used (air source heat pumps, ground source
heat pumps, district heating systems), distribution networks, controls and building
management system changes can largely vary based on location, building type and

M&E design factors.

Such additional costs are not accounted for within the research. While energy
standards can be applied to high-rise projects in a similar fashion to low-rise in terms

of cost, high-rise projects are more bespoke with potential unique features that could
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greatly affect overall construction and services installation costs. These are not

necessarily associated with energy and carbon savings.

Potential cost variations, using an elemental fabric costing approach for high-rise

new domestic buildings’ energy and carbon efficiency uplifts are detailed as follows:

» Costof windows and large glazed surface: The costs of moving to highly
performing windows and glass facades would include both the cost increase in
terms of materials used as well as potential changes in terms of structural
reinforcements thatmay be required to accommodate the load bearing
changes of the frame. Additional components in terms of fixtures mightbe
required.

= Costof achieving high airtightness levels: This will depend on the overall
airtightness strategy and structural details (based on construction solutions
and joint details).

» Cost of installing mechanical ventilation heatrecovery systems: Costs may
vary in terms of required electrical capacity, or potential changes in the layout
of services and commissioning. In some instances, high-rise buildings may
pose additional challenges in accommodating solutions due to layout or

special requirements.

» Thermal bridging: Special provisions may be required to optimise heat loss
from junctions. While main junctions may be limited to external walls to floors
and ceiling/roof components, different construction materials choices and the
complexity of the layoutwill heavily affectthe overall construction time, or
design costs.

= The overall cost upliftas a function (%) of overall construction costs: The
overall construction cost of a high-rise building can vary significantly between
differentdesign and construction approaches when compared to new low-rise

buildings.

In essence, while traditional construction cost uplifts are shown within this section of

the report and may be close to the actual costs faced by a developer delivering these
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solutions, a similar exercise including the high-rise new domestic buildings could

have introduced a higher level of risk in terms of the accuracy of the estimates.

Therefore, caution is advised in terms of applying provided data to new domestic

high-rise projects.

Putting cost estimates in context

The costs presented in this report are for a medium-sized developer, building several
hundred to a thousand homes per year.

It is important to remember that the costs of developing new homes can vary widely
for a range of factors, notleast: location, ground conditions, site constraints, access,

topography, quality of finishes, design complexity, supply chain and management.

Construction costs can also be subject to sudden and significantchange because of
market or economic factors, for example varying exchange rates, skills or materials
shortages and interest rates. In the 12 months from May 2017 to May 2018, average
housing materials costs increased by around 5%. However, this number s likely to

conceal larger variations in specific items.

These extensive factors mean that a benchmark cost analysis is only indicative of overall cost
implications of different energy and carbon performance improvement options and their relative

significance.

Analysis of the potential for reduced costs associated with achieving higher
standards of energy efficiency suggest thatthe cost premium associated with the
most energy-efficient standards may fall by around 20-30% between 2020 and 2030.
This is as project teams become more familiar with achieving high levels of air
tightness and the markets for new technologies become more established. In

addition, itis likely that there will be further reductions in the costs of PV with costs
falling by a further 35% on 2020 levels by 2030.

These cost trajectories mean that it is likely to become less expensive to build to
lower carbon and high-energy efficiency standards over time. However, the scale and
speed of changes in costs associated with differenttechnologies is relatively small

and slow in comparison to other factors such as the changes to the modelling
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method and carbon factors that might affectthe predicted carbon performance of the

new buildings.

Changes in the electricity grid carbon factors will have a very material impact on the
total estimated carbon emissions of new homes and the effectiveness of different
options used for their reduction. They will act to favourthe use of heat pumps and will

reduce the carbon savings delivered by PV arrays.

The costs of meeting a specific standard will change markedly when modelling

methods and emission factors are changed.

These changes, which may be introduced within the nexttwo years, are likely to have

a more material effecton the costs of meeting a target than changes in the capital
costs of specific materials and technological solutions (services).

4101145 www.curriebrown.com | page 141



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

6.1.1.1 Cost modelling assumptions

In the case of photovoltaics, the initial installation was costed at £1,470 for 0.5kWp
installed

with an incremental cost of £185 per additional 0.25kWhp PV required added to the
model.

Associated heating system sundries costs were reduced in the case of models with
lower than 25kWh/m?/year space heating demand following the rules described in
Table 14.

The reason for this reduction was that a smaller amount of heat distribution network
and number of radiators would be required to deliver the space heating requirement.
The assumptions were based on evidence obtained from previous research projects
undertaken by Currie & Brown including ‘The costs and benefits of tighter standards

for new buildings’ Committee on Climate Change report.>°

Table 14 — Heating system sundries cost reductions associated with reduced space

heating demand

Space heating demand (Box 98 Reduction in heating systems radiators

(kWh/m2/year) and distribution pipework cost (%)

<20 50

<15 7560

% Currie & Brown and Aecom (2019) Thecosts and benefits of tighter standards fornew buildings. Accessed at:
https://mww.theccc.org.uk/publication/the-costs-and-benefits-of-tighter-standards-for-new-buildings-currie-brown-and-aecom/
0 Notapplied to small flats due to an already reduced internal space heating network and small number of radiators required.
For flats a maximum reduction of 50% was considered.
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6.1.1.2 Cost modelling results

The following cost graphs were produced based on an elemental cost analysis of all
models, their fabric specification variations and the potential cost upliftincurred.

These costs refer to additional capital expenditure cost (capex).

The construction cost upliftdoes notinclude changes in labourtime on site,

design/planning or any other costs associated with the delivery of the new domestic
buildings.

Figure 30 to Figure 35 provide the additional costs of meeting the different model
fabric and services specifications as compared to a new domestic building complying
with the minimum Part L 2013 requirements, ‘Actual’, used as the baseline.

Tabulated detailed cost data can be foundin Appendix C — Tabulated domestic
models cost data.
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Figure 30 - Detached house construction cost upliftto different standards
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Figure 31 - End-terrace house construction costupliftto different standards
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Figure 32 - Mid-terrace house construction costupliftto different standards
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Figure 33 - End-terrace townhouse construction cost upliftto different standards
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Figure 34 - Small flat construction cost upliftto different standards
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Figure 35 - Large flat construction cost upliftto different standards
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6.2 Occupant running costs

Upgrades in terms of the fabric and services specifications used in the models meant
that gradual performance improvements in terms of energy demand and carbon

performance of the new domestic buildings are achieved.

Capital costs associated with such improvements were described in the previous
section. While these costs would be incurred by the developer, attention was given to
the potential operational costs incurred by the occupants. More information on how

running costs can be affected based on energy and carbon performance changes are
provided within Table 15.

All new domestic building models were analysed in terms of annual energy costs.
Predicted energy use was based on SAP 2012 energy demand prediction for
regulated energy use. The predicted energy use, and type of energy use, was then
translated into running cost estimates utilising Treasury Green Book 2018 central
energy price predictions running to 2050 (Figure 37).

The annual running costs of the models were averaged across 30 years of operation
(2020-2050) and are presented in Figure 38. These are based on a gas boiler system
of around 89% efficiency (SEDBUK 2009) and use of an ASHP (COP 2.5). The
ASHP solutions are all electric, with no gas connection. The gas boiler supported

models were assumed to utilise gas for cooking, which was estimated within the
operational unregulated energy cost estimated.

The standing charges for electricity and gas were extracted from the SAP10.16%
manual and may vary in the future on a year-by-year basis (SAP commonly utilises

an average figure over the five years of Part L duration, or gets updated when a
major shiftoccurs based on policy objectives).

The performance of the new domestic buildings fabric, and systems’ efficiencies, was
maintained the same for the period of time under evaluation (same with first day of
operation). Maintenance costs were not assigned into the cost models which only
reflect energy costs in terms of annual energy bills.

61 https:/Mmww.bregroup.com/wp-content/uploads/2019/10/SAP-10.1-10-10-2019 pdf
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Furthermore, while itis recognised that a building’s fabric may degrade as it ages,
and that the installed systems’ efficiency may also be compromised due to the same
reason, it was not part of this research work to evaluate such elements. Currently,
compliance with Part L does notrequire lifecycle analysis elements of construction

standards and services used.

Photovoltaic systems were assumed to export 50% of the total generation, sold to the
grid at the price per kWh indicated within the SAP10.1 manual (5.3 p/kWh).

In all models, the move to an ASHP COP 2.5 led to higherannual energy bills. This
was roughly £150-200 per year in houses for regulated energy use and £50-150 in
the case of flats for regulated energy use.

It is worth noting that heat pump efficiencies are constantly improving and evidence
from the RHI premium payment scheme suggest that a heat pump COP of around 3
is possible. The use of heatpumps with a high COP would mean than even less
energy would be required from the electricity grid directly translating to lower

operational energy costs.

When all electric cooking was utilised in the properties an additional £100-120 per
year was estimated in most cases.

Removing the gas standing charge, no longer required for all-electric solutions, would
lead to annual savings of around £88.

PV electricity generation based on 2kWp for houses and 0.75kWp installed capacity
in flats would lead to additional annual savings of £206 and £77 accordingly®2.

If waste water heat recovery systems were to be installed in the properties, additional
annual savings of £15-25 could be achieved in the case of gas-supported properties,

and £35-55 in the case of all-electric properties.

62p|ease note thatbased ona 7.3m? per kWp PV thatwould equate to almost 5.5m? of flat roof area per flat. Depending on the
total roofarea and the number of flats it may not be feasible in the case of high-rise developments to allocate the required PV
amountper flat.
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Moving from N1 to Very High in the housing models led to annual energy
savings of around £90 for gas boiler-based houses and £55 for flats. The same
upgrade in ASHP-supported models (N1 to Very High) led to annual savings of

around £150 in both houses and flats.

The cost of electricity (retail) is expected to be four times more than that of gas.
As research resultsindicated in the case of all-electric solutions, a combination of
WWHR, PV and the lack of a gas standing charge could lead to up to £225 annual
savingsin the case of housesand upto £160 in the case of flats. A combination of

such solutions could offsetthe additional costs incurred due to moving to all-electric.

Additional costs incurred due to unregulated energy use annual costs increase,

moving to all-electric cooking, was not covered in all model cases through the annual
savings achieved through regulated energy running costreduction measures.

The effect of the advanced fabric specifications to predicted regulated costs is shown
in Figure 36.
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Figure 36 - Annual energy costsavings for gas boiler and ASHP models based on improvements N1-3 and M1-3, Very High, additional compared to N1 models

Main cost savings achieved through fabric improvements were noted in detached and end-terrace properties. This was expected as fabric specification affects the space heating energy demand.

Highly thermally efficient forms with few heatlosing elements, such as mid-terrace properties and flats, achieved more savings through a DHW energy demand reduction.
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Table 15 - Impacting factors on running costs of new domestic buildings

Observation | Impact

Overall = [If energy type (price/lkWh) and ratio of energy use between
energy differentenergy types used is retained the annual bills should
demand be lower.
decrease »= The reduction will be proportional to the decrease of the specific
energy type demand.
Changein = The energytype utilised to cover the energy needs of the
energy type occupantwill affectcomparative running costs between
used identical homes.
= Standing charges, operators pricing tariffs and changes of
energy prices in the future will all affectthe running costs.
Installed = The service life of differenttechnologies installed in buildings
services will vary. Replacementcosts need to be considered at the
design stage (eg through options appraisal).
= Maintenance frequency and requirements may lead to
additional expenditure incurred by the occupantduring
operation.
= Combination of services, and complexity of controls and
installation may require specialist support.
Renewable = Energy generation on site, such as in the case of PV will lead to
energy annual energy costs reductions.
generation = Energy savings achieved will depend on the amount of energy

generation, as well as on the level of energy utilisation on-site.
Energy used directly on-site would lead to higher cost savings
than energy exported as it directly contributes to less electricity
used from the grid (high price). The electricity price for exporting
to the grid is significantly lowerthan the retail electricity price
demanding energy from the grid (SAP10.1 export price was
5.3p/kWh and standard tariff 17.56p per kWh).
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Figure 37 - High, medium and low costs of electricity and gas - projectionsto 2050 based on the Treasury Green Book data (2018 prices in p/kWh - Retail for domestic buildings
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Figure 38 - Predicted annual energy running costs for gas boilerand ASHP-supported new domestic building models — including unregulated energy use, standing charges and PV
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Non-domestic buildings
Key findings:

7.1 Non-domestic buildings — energy efficiency

7.2 BREEAM rating

Key findings:

= Meetingtighter carbon performance requirements in non-domestic will affect
mainly buildings that utilise non-electric solutions for space heating and hot
water generation.

» Thereis a huge variation in the form and use of non-domestic buildings and
this results in a wide range of energy demands and varying potential for
increased efficiencies.

= Energy efficiency, energy demand and carbon performance can all be used
to evaluate climatic, social and economic impact. A carbon-based target and
only may diverge attention from energy demand reduction measures.

» The variability of the design, type and intended use of non-domestic
buildings indicates that special consideration should be provided for different
building types as to their potential to reduce their operation carbon footprint.

= BREEAM certification was identified as a good performance validator and
evaluation method.

Table 16 summarises the cost uplifts of the potential standards to reduce carbon
emissions. As stated previously there will inevitably be variation around these

levels depending on the type and design of non-domestic building being proposed
so these uplifts should be taken as indicative of scale only.
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Table 16 - Indicative cost uplifts of the potential standards to reduce carbon

emissions

Standards Target Percentage of construction
cost

Energy efficiency| Minimum carbon reduction of 15% <2%

BREEAM BREEAM ‘Excellent’ rating 1-2%

Total <2%-4%

The additional cost of BREEAM ‘Excellent’ certification may be a 1-2% for
measures notassociated with delivering energy requirements. In many buildings

this additional cost could be under 1% subiject to its location, the base design and
experience of the design and construction team.

‘ Recommendations:

= The utilisation of certification methods such as BREEAM is advised.

= Setting energy demand and carbon performance targets will ensure that
best solutions are used.

= For buildings with high energy demand requirements due to space heating
and hot water, fabric upgrades and district heating connections would be
beneficial.

= Notall non-domestic buildings need to follow a fabric first approach, but all
buildings should pursue energy demand reductions and utilise low-carbon
energy types (including electricity).

» Renewables can be utilised as in the case of domestic buildings.
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7.1 Non-domestic buildings - energy efficiency

While the assessment of the new non-domestic buildings was conducted through a
literature review study, findings fromthe evaluation of the new domestic building
models provided valuable insights in terms of similar trends applying to both building
types.

The effect of the ever-decarbonising electricity grid will affectall building types,

including existing and new (Figure 39).

Buildings covering a substantial amount of their energy utilising electricity will be
affected the most (lighting, direct electric radiators/heat pumps or spaces utilising all-

electric thermal stores).

Electricity Carbon Factors reduction (%)
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Figure 39 - Reductions in carbon intensity of the electricity grid, translating to
similar reductions in carbon performance estimates of all electric solutions
= Non-domestic buildings with a heating requirementwill benefitfrom a fabric
first approach.
» For non-domestic buildings mainly utilising energy for other than space
heating purposes, carbon reduction targets are expected to be achieved
through the introduction of more energy efficientservices and all electric

systems rather than a fabric first approach.
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= With both domestic and non-domestic buildings transitioning to all electric

solutions, a question should be raised in terms of the capacity and
performance of the currentelectricity grid.

Recentstudies by Buro Happold (ref 7) and Aecom (ref 1) (both supported by Currie
& Brown) for the Greater London Authority considered the potential and associated

costs from achieving carbon reductions in non-domestic buildings.

These studies considered the implications of setting tighter energy efficiency

standards for non-domestic buildings as part of the formulation of the draft new
London plan.

In addition, work by Buro Happold (with Currie & Brown) for the Old Oak Park Royal
Development Corporation specifically considered how energy and carbon savings

can be achieved in higher-rise and mixed-use developments (ref 8).

Key findings fromthese studies included:

= The correlation between energy efficiency/carbon performance (excluding PV
and heat networks) and capital cost is weak or absent with a range of factors
influencing both costand performance including:
* Building form
= Glazingratio
= ‘Good passive design’ thatbalances glazing area and energy demands
= Energy usein non-domestic buildings can vary greatly based on intended use
and building typology. The cost and potential for achieving savings beyond the
Part L 2013 requirements will therefore depend on building type, design and

intended use.

= Substantial energy efficiency savings are typically achievable in office and
retail buildings, but other building types such as schools and particularly hotels
may find it more difficultto achieve energy efficiency savings because of the
specific nature of their demand, for example the dominance of hotwater

supply as an energy source in hotels.
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Efficientlighting and control systems are a major contributorto energy
efficiency in office and retail spaces with the potential to deliver substantial
savings in lighting energy demand compared to that required by Part L 2013.
Substantial energy efficiency savings can be achieved purely with highly
efficientlighting (i.e. LED) and controls, in some situations these could be
sufficientto achieve savings of 10-15% or more on the requirements of Part L
2013.

More efficientlights and controls are still more expensive than traditional
systems (approximately a further £20/m? depending on design) butare
becoming standard in new buildings as developers and occupiers realise their
significant performance benefits and reduced maintenance and energy costs.
Cost upliftassociated with energy efficiency measures varies considerably
because of differing building designs. The Part L Notional specification was
set at £0 butin practice there is a substantial variation in the costs of building
to this specification depending on design considerations.

The upliftassociated with achieving a 15% energy efficiency target was
between £37 and £59 m? which when compared with overall development
costs of between £2,000 and £3,000 m2 is under 2% of the capital cost.
Nearly 60% of non-domestic developments in London achieve a 10% energy
efficiency saving, with a little under half achieving a saving of 15% in
comparison to Part L 2013.

In 2017, the average energy efficiency saving in non-domestic buildings in
London was 19.2% beyond the requirements of building regulations (ref 17).
This suggests that while certain buildings may not be able to achieve a 15%

requirementit is widely achievable in new non-domestic buildings.
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Policy consideration: Energy efficiency

Most existing non-domestic buildings can achieve 10-15% energy efficiency
improvements on currentregulations, butthere are some buildings thatmightfind
this standard more difficult due to the energy associated with their type and

operational demand, for example hotels.

Evidence suggests that 15% is widely achievable on new non-domestic buildings.

7.2 BREEAM rating

Currie & Brown’s research with BRE (ref 5, 6), together with previous studies for the
British Constructional Steelwork Association, shows that, if delivered efficiently by
experienced design and construction teams the additional costs of meeting the 2011
BREEAM ‘Excellent’ ratings are in the order of a 1-2% of capital costs for most

buildings but can be higher,in the order of 3-5% for some buildings (such as
healthcare buildings) and locations.

The most significant costs associated with achieving higher BREEAM ratings are
often associated with meeting minimum energy requirements.

This meansthat where a planning requirementalso exists for carbon/energy
efficiency measures beyond the requirements of building regulations then the net

impact of an additional BREEAM requirementwould be reduced.

Where a contractor is inexperienced in delivering BREEAM, it is possible for

additional costs to be incurred in setting up processes to ensure that their site
managementand supply chain activities are BREEAM-compliant.

Similarly, for very small projects the costs of assessment and certification, which do
not scale linearly with project size, may result in disproportionately higher costs. For

example, assessment costs might be 0.1% or less of the cost of a 10,000m? office
but around 1% of the costs of a 1,000m? retail unit.

BRE have recently introduced the BREEAM 2018 standard which includes a range of
new or amended requirements.
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Some of these new criteria are deemed to be cost-free albeitthey may require
additional consultant’'s inputand considerations at early design stage. BREEAM 2018
is a recently introduced standard and evidence of sufficientdata on its implications is
not yet available for a substantial costanalysis.

However, Currie & Brown’s initial review suggests that while the 2018 standard

requires more time inputfrom the project team, its implications for capital costs are
relatively small.

4101145 www.curriebrown.com | page 169



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

Policy consideration: BREEAM

While the costs of BREEAM ratings are typically in the range of a few per cent of
capital cost, the implications for specific buildings, developmentlocations (eg
greenfield sites, away from transport links and amenities) may be higherandthe

costs of the certification itself become considerable for smaller developments.

A size threshold and viability assessments may help to reduce costs for smaller

projects.
2020-2025:

It is recommended that in terms of sustainability targets a non-domestic BREEAM

minimum rating of ‘Very Good’ is considered.

Carbon requirements-wise, within the ‘Very Good’ target, a mandatory requirement
for achieving the BREEAM ‘Excellent’ minimum standards, 4 credits for Energy
Performance within the ‘Ene 01 - reduction of energy use and carbon emissions’ is
advised to be implemented.

2025-2028:

It is recommended that in terms of sustainability targets a non-domestic BREEAM

minimum rating of ‘Excellent’ is considered.

Carbon requirements-wise a mandatory requirementfor achievingthe BREEAM
‘Excellent’ with atleast 6 credits for Energy Performance within the ‘Ene 01 —

reduction of energy use and carbon emissions’ is advised to be implemented.

It is also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the differentbuilding typologies. This can

be found under BREEAM criteria for ‘Ene 08 Energy efficientequipment’.

Please note that Ene08 refers only to operational energy use and does notinclude

embodied carbon or whole lifecycle carbon.
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2028-onwards:

It is recommended that in terms of sustainability targets a non-domestic BREEAM

minimum rating of ‘Excellent’ is considered.

Carbon requirements-wise a mandatory requirementfor achieving the BREEAM
‘Outstanding’, 9 credits for Energy Performance and 4 for energy modelling and

reporting within the ‘Ene 01 - reduction of energy use and carbon emissions’ is
advised to be implemented.

It is also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the differentbuilding typologies. This can
be found under BREEAM criteria for ‘Ene 08 Energy efficientequipment’.
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Results overview
8.1 Scoping activity

A review of background information in terms of energy and carbon policy across all
ten districts revealed discrepancies in the energy efficiency and carbon performance

targets set for new developments.

Most importantly, these included out-of-date content, unclear references to standards
and variations in terms of the size of developmentapplying to.

Furthermore, carbon and energy improvements expected were expressed in both
metrics, but not in a uniform, unifying matter. In some instances, the requirements
could refer to one or the other metric in such a way that compliance with minimum set
requirements would be challenging for planners to evaluate.

International and national drivers for moving into a carbon-neutral builtenvironment
were identified. Recentgovernmentannouncements, the release of a new
consultation document ‘The Future Homes Standard: changes to Part L and Part F of
the Building Regulations for new dwellings’ and suggested changes within the
Standard Assessment Procedure currently create additional challengesin setting
targets based on minimum regulatory carbon performance requirements as
presented within PartL 2013.

Fuel poverty, energy conservation and actual delivered performance of new buildings
are key considerations in establishing a robust energy and carbon policy. Research
undertaken showcased the importance of delivering high-quality standards upon
project completion, the necessity of feedback collection in terms of delivered energy
and carbon performance of new buildings and the importance of linking energy and

carbon policy with operational and running costs.

Finally, in terms of the exact ‘carbon-neutral’, ‘net-zero carbon’ buildings definitions,
literature review indicated that these terms can be used within a variety of contexts.
The UK GBC framework provides a number of carbon attributable construction

activities, while Part L of the Building Regulations only considered the regulated
energy emissions (operational).
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The UK GBC Net zero carbon — operational definition was considered as the most
appropriate proxy for delivering the different net-zero carbon requirements until 2025,
within the gradual implementation of additional elements of the UK GBC Net zero

carbon — construction considered from 2025 and onwards.

8.2 New domestic buildings energy and carbon performance

Because of recentchanges in national policy, and in light of the new consultation
documentsuggesting potential changes within PartL 2020, a thorough review of the
GMSF carbon and energy policy alignmentwas undertaken. This revealed that
current GMSF guidance including an interim 19% carbon performance improvement

over Part L 2013 could be deemed redundant.

The potential Future Homes Standard requirements from 2025, for an almost 80%

reduction in carbon emissions compared to Part L 2013, indicated 2025 as an
appropriate intermediate step for the GMSF policy.

The target for new developments to be net-zero carbon from 2028 could include
furtherimprovement recommendations. In both scenarios the introduction of

appropriate offsetting mechanisms could be considered. It is advised that a Carbon
Offset Fund mechanismisintroduced from 2025.

Six new domestic buildings archetypes were identified through the review of national
minimum space standards, as well as Greater Manchester planning applications for
new domestic developments. All archetypes were modelled using SAP 2012 so
regulated energy demand predictions can be produced. The number of models
created including differentlevels of fabric and services performance followed the

current GMSF energy hierarchy.

An analysis conducted on the stepped approach suggested within the energy
hierarchy, identified areas of wording open to interpretation, as well as overlapping
terminology used between the differenttiers. While clear in terms of the end goal, the

hierarchy would benefit from further details provided on the preferred compliance
approach when submitting supportive information to planning authorities.

The interim 19% improvement over currentPart L 2013 guidance provided by the

GMCA, along with a recommendation for 20% of these savings to come through
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renewable and low carbon energy sources was reviewed. Due to the inherited
interdependence of such a threshold with the carbon intensity of the grid and the
SAP version used, it was not utilised as the baseline forthe research modelling
results review. In contrast, specific renewable energy generation targets in terms of
installed capacity was advised.

Currentand future predicted grid carbons were analysed, prior to reviewing the new
domestic modelling archetype results. These was considered as important to
demonstrate how energy type (gas/electricity) would affectany carbon-based

performance predictions.

Main challenge identified with the use of carbon performance improvement targets
was the accelerated decarbonisation of the electricity grid. As it was demonstrated,
soughtlevels of carbon performance improvements will vary in time based on
assessment tools used and the time of the assessment. In support of this analysis
the models were assessed both in terms of carbon and energy demand

performances.

A breakdown of energy demand in terms of regulated and operational unregulated
energy use demonstrated the impact of operational unregulated energy (plug loads)
on overall predicted operational energy consumption. Operational unregulated
energy use included mostly electrical energy demand. Main impacting factors in both

energy categories were explained for policy wording clarity purposes and provided
within the report.

Considering space heating energy demand, an analysis conducted using the Box 98
SAP outputs demonstrated the impact of the higher performing fabric specifications
used in the naturally and mechanically ventilated models. Most housing models were
able to achieve space heating energy demand requirements of 30 kWh.m?2 per year
by introducing medium impact (cost and technical) fabric upgrades. In the case of flat
models, the relevant threshold was established as 25 kWh.m?2 per year. Both limits
were recommended as policy targets for the period of 2020-2025. Equally both limits

were reduced to 20 and 15 kWh.m? per year respectively for the period 2025 and
onwards.
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DHW generation energy requirements varied between the archetypes. This
depended on predicted levels of occupancy. Main difference between energy
demand in terms of delivered energy and energy demand as required from the grid

was the efficiency of the service used to deliver the energy to the DHW.

Heat pumps due to inherited energy efficiency achieved substantial energy reduction
requirements in producing the DHW energy required. It was identified that DHW
demand from the grid can be reducedto 15 kWh.m? per year (houses and large flats)
and 20kWh/m?2 per year (smaller flats) by utilising an energy-efficient DHW
generating system such as an ASHP and WWHR systems.

An initial consideration fora 20% DHW energy demand reduction when compared to
Part L 2013 notional building was suggested for the policy period of 2020-2025. This
could become mandatory for 2025 and onwards, depending on feedback received
during Stage 1.

Renewable energy generation as a compensator for carbon emissions produced
from new domestic buildings was evaluated against proposed changes within future
SAP carbon emission factors and predicted carbon emissions of the electricity grid
produced by using the Treasury Green Book guidance. As identified, the
contributions of PV generation in such a mannerwould be ever-reducing as a result

of the small carbon contentattributable to exported energy.

On the other hand, heat pumps have a high impactin meeting ‘renewables’ target as
far as renewable heating is concerned due to the methodology occupied by the
governmentin evaluating carbon emissions mitigation through energy displacement

(dueto the systems efficiency).

Finally, the analysis of operational unregulated energy demand predictions, and
complete offsetting through the introduction of PV systems on the roof of the models,
indicated that the use of PV for covering the totality of regulated and operational
unregulated carbon emissions would be non-feasible. A stepped approach to
minimum amountof installed PV generation based on roof areas, with remaining
emissions required to be offsetthrough a Carbon Offset Fund was suggested.
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The overall review of the carbon performance of all six archetype models revealed
that an interim 19% improvement in carbon emissions compared to Part L 2013
baseline was achievable using the SAP10.1 carbon factors both with naturally
ventilated and mechanically ventilated gas boiler-supported solutions with medium

fabric specifications upgrades required. This revealed that such a target would be
‘too easy’ to meet.

The effect of heat pumps efficiency, combined with the predicted decarbonisation of
the electricity grid, led to all models complying with the 20% and 31% carbon
improvement requirements proposed for Part L 2020. This was irrespective of the
fabric specifications used (ho worse than Part L 2013 minimum requirements), even

though further fabric performance improvements may be introduced within Part L
2020.

The use of heat pumps also led to compliance with the potential Future Homes 2025
targets of around 80% carbon performance improvements compared to Part L 2013

when future SAP electricity carbon factors were used, with fabric specifications used
similar to the ones used for the compliance with Part L2020.

8.3 New domestic buildings — cost

All domestic models were assessed in terms of capital cost uplifts required to achieve

the modelling specifications. They were also assessed in terms of running costs
predictions.

The capital cost uplifts to achieve the highest specifications (Very High) did not
exceed £10,500 in any of the archetypes (costs incurred to deliver the ‘Very High’
detached house archetype was the highest). Costs included the ASHP, installations
of PV upto 1.25 kWp and WWHR. Based on overall construction costs this would

translate into a less than 6% upliftin all cases.

In terms of running costs, the use of all-electric solutions had a high impacton
running cost predictions. This was due to the high price of electricity compared to that
of gas (almost fourfold increase).
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With the implementation of appropriate systems to compensate for the increase in

costs for models utilising the same fabric specifications (heat pumps, MVHR, WWHR
and PV) it was possible to deliverannual savings of £160-£225.

These savings were not driven by carbon performance targets per se, but
appropriate provisions to negate the high impact of electricity prices on the different

models are explained in more detailed in the relevant section.
8.4 Non-domestic buildings

Non-domestic buildings’ carbon end energy performance potential uplifts were
evaluated through a desk-based literature review study.

As it was identified, similarly to domestic models, the potential decarbonisation of the
electricity grid will have a big impact on the carbon performance assessmentof non-
domestic buildings.

The type of use, design and services installed can vary greatly in non-domestic
buildings which need to be fit for purpose. All-electric solutions would lead to a rate of

decarbonisation of the buildings under evaluation similar to the rate of the
decarbonisation of the electricity grid.

Using carbon performance as the main metric, it was showcased that the carbon
performance of these new all-electric non-domestic buildings would improve in time
even if their fabric specifications and energy demand requirements were to remain
steady.

The type of main energy use, for lighting, heating and generation of hotwater, would
dictate the preferred construction standards used. Non-domestic buildings with very
small requirements for space heating for example would not necessarily benefitfrom

a fabric upgrade as the main energy consumption does notderive from heat energy
loss through the building’s elements.

Furthermore, and as far as energy efficiency is concerned. Appropriate energy
performance baselines will differ between the differentbuilding typologies. In order to
maintain a proper baseline, it was suggested that appropriate certification tools and
frameworks are used for the non-domestic buildings assessments as in the case of
BREEAM.
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Literature review evidence demonstrated that achievinga BREEAM ‘Excellent’ in
non-domestic buildings would notlead to substantial construction cost uplift, as
estimated to around 5% increase. The cost upliftincrease alsoincluded a 15%
reduction in energy demand requirement.
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9.1

Conclusions and recommendations
Conclusions

Currentresearch included a thorough examination of potential currentand
future GMSF carbon energy policy requirements, in achieving the net-zero
carbon for new developmenttargets from 2028. Main milestones and
alignmentwith central governmentdirection was considered.

Advanced carbon energy models produced for new domestic buildings,
indicated the importance of considering energy demand when evaluating the
roadmap to 2028.

Main impacting factors in terms of the predicted carbon performance of new
domestic buildings were the assessment methodology used and the potential
decarbonisation rate of the electricity grid.

The introduction of all-electric solutions, and more energy-efficientinstalled
services for space heating and domestic hot water generation requirements
would produce favourable results and are expected to be some of the first
measures undertaken by the construction industry.

The impact of a fabric first approach, one of the most robust methods to
secure energy and carbon savings through space heating demand reduction,
as well as to secure a comfortable and affordable-to-run internal environment
for the occupant, was obvious especially in less efficient form (detached, end-
terrace).

The impact of fabric performance improvements on space heating, for
extremely advanced fabric standards used, was substantial butat that level of
performance the energy demand is dominated by the DHW energy
requirements as well as operational unregulated energy use (if to be
considered), therefore, proper consideration should be given to the supportive
policy documents produced to assist with a carbon performance-centric policy
requirement. Energy demand targets in the case of energy demand for heating
in new homes will need to be introduced as per the research findings.
Utilisation of PV for carbon offsetting, and the impact of their use on the

predicted carbon performance of buildings, may notbe substantiated from a
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carbon performance perspective in the future. Thisis mainly due to the impact
of the predicted decarbonisation of the electricity grid.

= The impact of PV in terms of additional electrical energy generation, and from
a running costs perspective, is significantand ongoing. Depending on primary
energy factors and the Part L 2020 baseline (concurrentnotional), itmight be
the case thatthe PV argumentremains central to main government policy
requirements and therefore transferred as such in local policy if carbon and
only metrics are to be used.

= Non-domestic buildings, in a similar matter to that of domestic, will benefit from
the electricity grid decarbonisation, especially in the case of all-electric
solutions when assessed againsta carbon performance metric.

= Carbon performance of new buildingsin the future (2025 step) is expected to
be assessed using a new assessment tool, methodologies and carbon and
primary energy performance targets. It is important that any local policy
introduced today in terms of energy and carbon is reassessed in the future.

= Running costs for the occupants and residents of new buildings will be
dictated by the energy required from the gas and electricity grids. As all-
electric and mainly electric solutions are expected to receive greater
appreciation from a carbon performance perspective in the future, for the
same energy demand requirements between a gas supported building and an
all-electric building the annual energy expenditure is expected to increase.
Nevertheless, with the introduction of more energy-efficient systems (heat
pumps and the likes), energy recovery and energy generation systems these
can be offset. Thisis the case for buildings with the same fabric specification

used.
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9.2 Recommendations

= The new Part L 2020 is expected to introduce new requirements in terms of
the fabric performance of a new building, improvements in terms of carbon
performance (20 or 31%) and changesin the way buildings are evaluated
through SAP (method and metrics). The current interim 19% DER/TER GMSF
carbon improvement requirement— over the Part L 2013 — willneed to be
revised upon confirmation of the Part L 2020 changes.

= Informed from new central governmentguidance provided, and findings
deriving from this report, the GMSF net-zero carbon definition will need to be
clarified. The description ideally will include information on energy and
associated carbon metrics used and clarification over types of carbon
emissions considered. It is expected that initially (2020-2025) this will align
with the UK GBC net-zero carbon buildings — operational energy principles,
and later it will transition to include elements of the UK GBC net zero carbon
buildings — construction definition (2025-2028 and later)

» The local carbon and energy requirements of the ten districts will need to be
unified underthe GMSF target. Old and redundant policies and references will
needto be removed (archived). New guidance should be produced and
provided for planners and developers to fully comprehend the policy in terms
of compliance requirements. Any supportive documentation produced should
be updated at each stage of the policy implementation pathway. In addition,
based on interim feedback received and shared between the ten districts,
wording corrections and additional supportive information should be kept up to
date.

= Energy (Merton Rule)and carbon policy targets expressed as stacked
percentages of CO2 improvements over new and past minimum regulatory
requirements lead to complications. This should be abandoned or further
enhanced (an initial alignment with Part L2020 and the Future Homes
Standard, 2025 is recommended in the sense of DER/TER and regulated
energy consumption predictions). Specific requirements in terms of energy

demand and generation are recommended.
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a. New domestic buildings: Priorities should be to combine the carbon-saving
opportunity presented by low-carbon heating systems with the need to maintain

affordable running costs and minimise external impacts on the energy system.

This requires a combination of energy efficiency targets and the use of low-
carbon heating. This should be achieved while minimising the potential for
complication and performance issuesin use and so it is prudentto avoid
introducing too many new systems and building methods at the same time. The
introduction of requirements in terms of a strong QA framework used by the
developers is strongly recommended and will support minimising the potential

performance gap.

Maximum space heating demand targets of 30kWh/m?2.year for houses and
25kWh/mZ2.year for flats (maximum space heating energy demand requirement
prior to considering any system efficiencies’, SAP Box 98) are achievable in all
archetypes tested with natural ventilation and are considered a proportionate
initial step in reducing energy use, supporting the use of low carbon heating while
minimising short-term impact of adopting and integrating too many new

technologies.

In combination with the space heating target, the introduction of arequirementto
avoid the use of fossil fuels and to ensure that modelled energy bills (via SAP)
are no higherthan thatof an home builtto the 2013 Part L standard using gas
would ensure that an efficientlow-carbon heating system (eg an ASHP) is used

rather than gas or a direct electric system.

Once there is experience in delivering more energy-efficienthomes using low-
carbon heating systems, a sensible further step would be to tighten the energy
performance standards. Thiswould have a relatively small impact on operational
carbon emission but would reduce running costs for residents and help minimise
any impacts on the wider energy system associated with the increased

consumption of electricity.
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Tightening up the maximum space heating demand targets from 2025 at
20kWh/m2.year for houses and 15kWh/m2.year for flats (maximum space heating
energy demand requirement prior to considering any system efficiencies’, SAP
Box 98) are achievable in all archetypes tested with mechanical ventilation and
are considered a proportionate initial step in furtherreducing energy use, in line

with the Committee on Climate Change recommendations.

In term of the additional construction cost expected to be incurred by meeting the
suggested thresholds, this was calculated based on a Part L 2013 notional building
(meeting minimum regulatory requirements). The average fabric upgrade cost for

each housing model archetype is provided below.

Please note:

= Efficientforms such as the mid-terrace house and mid-floor flats can meet the

Stage 1 standards using an N2 specification (naturally ventilated).

» The use of mechanically ventilated systems to meet Stage 1 thresholds led to
substantial cost reductions in the case of the least efficienthousing archetype

forms (detached and end-terrace properties).

= On anumberof occasions, a range of fabric improvements is noted as
applicable (eg N2 to N3). Thisis because marginal improvements over the
lower specification indicated can meet the standard. Therefore, the upgrade
cost is expected to be somewhere between the range provided and closer to

the lower end of the range.
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Cost associated with increased standards

Stage 1

<30kWh/m2 Houses

<25kWh/m2 Flats

Stage 2

<20kWh/m2 Houses

<15kWh/m2 Flats

Archetype |Naturally ventilated Mechanically Naturally Mechanically ventilated
ventilated ventilated

Fabric Additional cost FS AC FS AC FS AC

standard (AC)

(FS)
Detached N3 ~ £4,900 M1 ~£2,600 |- - M2 to M3 |~ £4,650 to £6,200
End-terrace [N3 ~ £3,300 M1 ~£1,950 |- - M2 to M3 |~ £3,550 to £4,400
Mid-terrace [N2 ~£1,700 M1 ~£2,100 |- - M1 ~£2,100
End-terrace |N2to N3 ~£1,700to £3,000 |M1 ~£1,500 |- - M2 ~ £2,900
townhouse
1B flat N2 ~ £800 M1 ~ £950 - - M1 to M2 |~ £950 to 1,300
2B flat N2 ~ £1,250 M1 ~ 1,150 - - M1 to M2 |~ 1,150 to 1,800
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PV capacity can increase, if feasible, at very little additional cost. An introduction
of a Merton Rule for PV can be based on available roof space. An initial
introduction of a 20% coverage can be introduced in 2020-2025 followed by an
increase to 40% during 2025-2028.

It needs to be noted that the cost implication of such a requirementwill vary
based on the available roof space of the new houses or flats and the amount of
PV that this translates into. As an example, in the case of the detached house
(based on ground floor area as a proxy, 58.4m2) 20% would translate into
~1.6kWp PV installed and 40% into ~3.2 kWp PV installed at ~£2,285 and
£3,470 respectively.

b. New non-domestic buildings: Considerintroducing a minimum overall
sustainability performance requirementthrough appropriate accreditation which

includes energy efficiency.

This could include the following:

2020-2025:

It is recommended that in terms of sustainability targets a non-domestic
BREEAM minimum rating of ‘Very good’ is considered.

Carbon requirements-wise within the ‘Very Good’ target a mandatory requirement
for achieving the BREEAM ‘Excellent’ minimum standards, 4 credits for Energy
Performance within the ‘Ene 01 - reduction of energy use and carbon emissions’
is advised to be implemented.
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2025-2028:

It is recommended that in terms of sustainability targets a non-domestic
BREEAM minimum rating of ‘Excellent’ is considered.

Carbon requirements-wise a mandatory requirementfor achievingthe BREEAM
‘Excellent’ with atleast 6 credits for Energy Performance within the ‘Ene 01 -
reduction of energy use and carbon emissions’ is advised to be implemented.

It is also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the different building typologies.
This can be found under BREEAM criteria for ‘Ene 08 Energy Efficient
Equipment’. Please note that Ene08 refers only to operational energy use and
does not include embodied carbon or whole lifecycle carbon.

2028-onwards:

It is recommended that in terms of sustainability targets a Non-domestic
BREEAM minimum rating of ‘Excellent’ is considered.

Carbon requirements-wise a mandatory requirementfor achievingthe BREEAM
‘Outstanding’ 9 credits for Energy Performance and 4 for energy modelling and
reporting within the ‘Ene 01 - reduction of energy use and carbon emissions’ is
advised to be implemented.

It is also recommended that a level of performance for unregulated energy
(operational) use is implemented based on the different building typologies. This
can be found under BREEAM criteria for ‘Ene 08 Energy Efficient Equipment’.

Please note that any cost upliftwill heavily depend on the size, location and type of
non-domestic buildings delivered. Post-2028 recommendations, cost impact will need

to be reassessed as more information becomes available.
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= Carbon emissions deriving from operational unregulated energy use should be
considered from 2025 and onwards, with appropriate guidance provided on
the calculation method to be used. The majority of these emissions will derive
from the use of electrical energy and will continue to reduce as the electricity
grid is getting decarbonised. It is recommended that a Carbon Offset Fund is
set up and used to deliver the net-zero carbon requirements. It is

recommended that such a fundisintroduced as early as 2025.

» Asthe electricity grid is expected to continue to decarbonise, it is also
expected that a lot of new buildings will be employing all-electric solutions to
achieve the different sustainability standards. This could lead to a strong focus
on energy-efficientheating and hot water generation services. It is
recommended that additional research is conducted on how best to
accommodate these new technological needs locally (skills, knowledge, grid
capacity) as well as to ensure that the construction quality remains of a high
standard. A carbon-only metric can mask knock-on effects including increased
operational costs, electricity grid upgrade requirements and evaluation of

performance of fabric and services in-situ (performance gap).

» Special provisions shall be made within local policy in terms of affordability,
fuel poverty and impact of new buildings’ specifications on occupants’ bills. In
terms of new domestic buildings, itis recommended that consideration is given
as to the level of running costs expected. One approach to introducing such
thresholds could be an expectation of new domestic buildings to achieve not
only any energy and carbon improvement targets, but also a predicted running
cost reduction compared to the Part L 2013 concurrentnotional (pending
confirmation of introduction of the new regulatory requirements). Such a
requirementcan be superseded or become redundantif appropriate

provisions within the new PartL are identified and considered as sufficient.
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Actual delivered quality of buildings should be of prime focus. New buildings
within the area should be delivered following robust QA frameworks. For public
buildings, energy and carbon performance monitoring is advised. Planning
requirements for developers including a request for description of methods

and processes in place to reduce a potential performance gap could be
considered.
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9.3 Accelerating the 2028 net-zero carbon development requirements

In terms of accelerating the policy pathway, delivering the objective of net-zero

carbon developments from 2028 was considered as rational by the research team.

Delivering net-zero carbon buildings is not an easy task. As discussed previously,
while the carbon metric can be easily addressed, due to the impact of the grid
decarbonisation and the use of new technologies, other factors come into play when
trying to quickly deliver high standards that the industry mightnothave a lot of

experience with.

In the case of housing, the standards proposed within the report are considered as
cost-effective and technically feasible. At the same time the stepped approach will
allow for the phased adaptation of the construction industry and the planning system

to the new standards required.

In the case of non-domestic buildings, similarly, and while itis appreciated that larger
developments might strive to exceed the standards suggested, the approach
recommended allows again for the gradual adaptation of the different stakeholders to

the new requirements.

The staged implementation of the policy objective allows for evaluation of policy
success, optimisation of policy wording and the stepped introduction of the advanced
requirements.

It also allows for the better understanding of the impact of new national standards,
construction technologies and systems on this journey.

Some of the main challengesin terms of bringing the timeline forward would include:

= Upskilling planners and involved parties to assess and address the stricter

requirements.

» Reducedtime to collect performance-based feedback, potentially leading to
buildings thatill-perform, leading to an increasing number of complaints and
affecting the user experience. Claims and retrofit actions might also increase
in numbers.
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» Quickintroduction of a variety of new systems and potentially untested
solutions. Knock-on effects can include lack of local support, issues with
systems operation and maintenance and the introduction of a larger

‘performance gap’.

» Suddenincrease in developmentcosts that can deter developers, limiting

delivery due to identified risks leading to slower assessment of policy success.

= Notallowingthe time to develop robust control QA frameworks and system

solutions.

» Updates in performance standards may end up in disarray with main cycles of
Building Regulation updates introducing legal challenges.

The research team realises the additional greater benefits and opportunities that
might arise if the net-zero carbon objective was to be met earlier.

Nevertheless, in-house experience with policy implementation and industry
adjustment rates indicate that the phased improvement of standards, and the 2028

target are appropriately timed to allow for adaptation to new measures.

To conclude, while the risk of accelerating the 2028 net-zero carbon development
requirements is not quantified or within the scope of this report, caution is advised in
terms of bringing the timeline forward. A more conservative approach would allow for

GM to explore the net-zero carbon developments landscape and support and ensure
the policy’s appropriate implementation.
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Appendix B — Glossary
Actual

This term is used within the domestic energy modelling section of the report as a way
to describe a new built property currently delivered within TWBC. In effect the Part L
2013-compliant model was adjusted to reflect minor variations in terms of the fabric
elemental performance, as extracted from new built planning applications within the

TWBC, In all models it was noted that the ‘Actual’ had a similar (less than 1%
improvement) fabric performance to the minimum Part L 2013 requirements.

Airtightness

Airtightness is a general descriptive term for the resistance of the building envelope
to infiltration with ventilators closed. The greater the airtightness at a given pressure

difference across the envelope, the lower the infiltration.

Emission factor

Emission factors are the amount of carbon emitted to supply a given quantity (eg 1
kWh) of energy. Emission factors exist for a wide range of fuels and also for
electricity. In recent years the emission factor for electricity has reduced considerably
as a resultof increased use of renewable energy and of lower carbon sources of
power generation. Emission factors for fuels are largely unchanged. The reducing
emission factor for electricity means itis becoming an increasingly low carbon source
of energy, particularly when used within highly efficienttechnologies such as heat

pumps.
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Fabric first

A ‘fabric first approach to building design involves maximising the performance of the
components and materials that make up the building fabric itself, before considering
the use of mechanical or electrical building services systems. This can help reduce
capital and operational costs, improve energy efficiency and reduce carbon

emissions. A fabric first method can also reduce the need for maintenance during the
building’s life3,

Heat pumps

Heat pumps typically use electricity to compress and thereby increase the
temperature of air or water and then extract the heat to provide space heating or
domestic hotwater. Common heat pumps are either air source (ASHP) that extract
heat from the air or ground source (GSHP) where heat is extracted from water that
has absorbed heat from the ground. Because some of the heatsuppled is already
present in the air or water, the energy used by the heatpump is only a fraction of the

useful heatsupplied to the building. For example, an ASHP may outputover three
times more heatenergy than it requires to in the form of electric power.

Infiltration

The uncontrollable airexchange between the inside and outside of a building through

a wide range of air leakage pathsin the building structure.

63 https://www.designingbuildings.co.ukAwiki/Fabric_first
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Kilowatt peak (kWp) capacity

In the context of photovoltaic panels, the peak capacity is the maximum theoretical
output of the system under standardised test conditions. In practice, the outputof a

fixed PV array will vary throughout the day according to its orientation and incline,
presence of oversharing, the position of the sun and weather conditions.

LEAN

London Plan Policy SI2 Minimising greenhouse gas emissions. Be lean: use less
energy and manage demand during construction and operation.

Mechanical ventilation and heat recovery (MVHR)

MVHR is a mechanism for providing ventilation that provides a controlled supply of
outside air that has been warmed by recovering heatfrom the stale air being
extracted from the property. In thisway the unit provides the necessary ventilation
with minimal loss of heat in the home. When external temperatures are higher, the
MVHR is capable of operating in ‘bypass’ mode whereby there is no heating of the
incoming air. The system uses electric fans and so has running costs and associated
carbon emission but in a well-insulated and air-tighthome the saving in heating
energy use is greater than that required to operate the MVHR unit.

Merton Rule

The Merton Rule is a term used to describe planning requirements to incorporate a
minimum level of renewable energy within a development. The conceptwas first

popularised by its introduction in, and advocacy by, the London Borough of Merton.
Natural ventilation

Natural ventilation is driven by pressure differences between one part of a building
and another, or pressure differences between the inside and outside. Natural
ventilation tends to cost less to build, operate and maintain than mechanical
ventilation, and so this is generally the first option investigated during the design

process®4.

% https://www.designingbuildings.co.uk/wiki/Natural_ventilation_of_buildings
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Net-zero carbon building

There is no single definition for a net-zero carbon building. Thisis mainly due to the
fact that the boundary conditions for associated carbon emissions are notalways

very clear (as to from which pointones starts calculating the impactof the new
building in terms of carbon emissions to the environment).

The recent UK GBC publication ‘Net Zero Carbon Buildings: A Framework Definition’
provides the following information:

Net zero carbon — construction (1.1):

“When the amount of carbon emissions associated with a building’s productand
construction stages up to practical completion is zero or negative, through the use of

offsets or the net export of on-site renewable energy.”
Net zero carbon — operational energy (1.2):

“When the amount of carbon emissions associated with the building’s operational
energy on an annual basis is zero or negative. A net zero carbon buildingis highly

energy efficientand powered from on-site and/or off-site renewable energy sources,
with any remaining carbon balance offset.”
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‘Net zero carbon for both construction and operational energy represents the greatest

level of commitmentto the framework.” %°
Notional dwelling

A notional dwelling is a dwelling thatis of the same size and shape as the actual
dwelling (model) reviewed under the Standard Assessment Procedure (SAP) 2012.
The performance of the modelled dwelling is compared againstthat of the notional
dwelling (gas boiler-based) in terms of carbon performance through the use of the
target emission rate (TER) (notional) and the dwelling emission rate (DER) (model). If
the actual dwelling is constructed entirely to the notional dwelling specifications it will
meet the CO2 and the fabric energy efficiency targets and the limiting values for

individual fabric elements and buildings services®6.
Passivhaus

Passivhausis an international energy standard that was originally developed for
housing and is now applied to a range of building types. A building certified to the
Passivhaus standard must meet stringent standards for energy consumption for
heating (15kWh per m?) and for overall energy demand. In addition, there are design
requirements to control the quality of the internal environment, for example by
controlling internal surface temperatures and the risk of overheating to provide a

comfortable living space.
Performance gap

There is growing evidence of a gap between the as-designed and as-built
energy/carbon performance of new buildings. This gap mightarise in a number of
ways within the overall building process and, if significantand widespread, may

constitute a considerable risk to meeting environmental targets.
Photovoltaics

Photovoltaics (PV) are renewable energy technologies that generate electricity from
solar energy. There are a range of PV technologies ranging fromthin film solutions

that can be overlain on existing surfaces (eg glass) through to discrete panels made

% UK GBC, Net Zero Carbon Buildings, A Framework Definition, April 2019
¢ Approved documentL1A, 2013 edition incorporating 2016 amendments —for use in England
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of a mono or polycrystalline silicon substrate. The electricity generated by a PV is

direct current(DC) so it needs to pass through an inverterto be converted into the
alternating current (AC) that can be used within ahome.

Regulated energy

Energy use that is regulated by Part L of Building Regulations. This includes energy

used for space heating, hot water and lighting together with directly associated
pumps (for circulating water) and fans (eg for ventilation).

Standard Assessment Procedure (SAP)

SAP is a procedure by which the energy performance of a home is assessed. It is the
typical method used for the purposes of assessing compliance with Building
Regulations PartL1la. SAP calculates the energy use, cost of energy and carbon
emissions of a home, the last of which (the dwelling emission rate) must be lower
than the calculated target emission date. The target emission rate is calculated by
modelling a home of the same form and size but builtto the minimum standards
required by Building Regulations. The version of SAP used to assess compliance for
new homesis currently SAP 2012; a more recent SAP10 has been published by BRE
on behalf of the governmentbutthis has not yet been adopted for use in assessing
Part L1A compliance.

U-value

A u-value is a measure of the rate of heat transfer across a structure divided by the
temperature difference (in Kelvin) across the structure. It is measured in watts per m?
per Kelvin of temperature difference or Wm?K. Lower u-values equate to better
insulative properties and reduced heat loss. Part L of the Building Regulations sets
minimum standards for the u-values of different building elements (eg floor, window,
roof or external walls) but building to lower u-values is one method that can help to
reduce energy consumption.

Unregulated energy

Energy use that is notcontrolled by Part L of the Building Regulations. In homes this

includes energy use for cooking, white goods and small power (eg, TVs, kettles,
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toasters, IT, etc). The quantity of unregulated energy in a home is estimated in SAP

2012 using information on the building area.

In non-domestic buildings unregulated energy also includes that used for vertical

transportation (lifts and escalators) and process loads such as industrial activities or
server rooms.

Ventilation

The removal of ‘stale’ indoor air from a building and its replacement with ‘fresh’
outside air.
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Appendix C — Tabulated domestic models costdata
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Gas boiler solutions
Very
N1 N2 N3 M1 M2 M3 High
Cost (£)
Fabric and ventilation 358 3,035 4,936 2,616 4,649 6,161 8,538
Heating system 0 0 0 0 -906 -2,719 -2,719
a Waste water heatrecovery
é (bath only) 450 450 450 450 450 450 450
E Waste water heatrecovery
§ (plus en-suite) 20 20 20 20 20 20 20
8 Photovoltaics (PV) 0.5kWp 1,470 1,470 1,470 1,470 1,470 1,470 1,470
Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1.25kWp 185 185 185 185 185 185 185
Total cost uplifton 'actual’ 2,853 5,530 7,431 5111 6,237 5,937 8,314
Very
N1 N2 N3 M1 M2 M3 High
Fabric and ventilation 278 2,078 3,328 1,933 3,546 4,376 5,958
Heating system 0 0 0 -648 -648 -1,944 -1,944
Waste water heatrecovery
§ (bath only) 450 450 450 450 450 450 450
2 Waste water heatrecovery
% (plus en-suite) 20 20 20 20 20 20 20
E Photovoltaics (PV) 0.5kWp 1,470 1,470 1,470 1,470 1,470 1,470 1,470
E Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1.25kWp 185 185 185 185 185 185 185
Total cost uplifton 'actual’ 2,773 4,573 5,823 3,780 5,393 4,927 6,509
Very
N1 N2 N3 M1 M2 M3 High
Fabric and ventilation 84 1,668 2,610 2,086 3,483 4,005 4,897
Heating system 0 0 0 0 0 -1,296 -1,944
Waste water heatrecovery
a (bath only) 450 450 450 450 450 450 450
é Waste water heatrecovery
§ (plus en-suite) 20 20 20 20 20 20 20
§ Photovoltaics (PV) 0.5kWp 1,470 1,470 1,470 1,470 1,470 1,470 1,470
-Eé Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1.25kWp 185 185 185 185 185 185 185
Total cost uplifton 'actual’ 2,579 4,163 5,105 4,581 5,978 5,204 5,448
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Gas Boiler Solutions
N1 N2| N3| M1| M2| M3 Very High
Cost (£)

Fabric and ventilation 82| 1,727 | 3,018 | 1,495 | 2,881 | 4,205 5,831
Heating system 0| -648| -648| 1,296 | 1,296 | 1,944 -1,944

) Waste water heatrecovery
§ (bath only) 450 | 450| 450| 450| 450 450 450

% Waste water heatrecovery
2 | (plus en-suite) 20| 20| 20| 20| 20| 20 20
§ Photovoltaics (PV) 0.5kwWp | 1,470 1,470|1,470| 1,470(1,470| 1,470 1,470
E Photovoltaics (PV) 0.75kWp 185| 185( 185| 185| 185| 185 185
0 Photovoltaics (PV) 1kWp 185 185 | 185 185 | 185 185 185
Photovoltaics (PV) 1.25kWp 185| 185| 185| 185| 185| 185 185
Total cost uplifton 'actual’ 2577|3574 |4,865| 2,694 | 4,080 | 4,756 6,382
N1 N2 N3 M1 M2 M3 Very High
Fabric and ventilation 17 7641 1,192 | 953(1,326| 1,895 2,377
Heating system 0 O -354| -708| 1,062 1,062 -1,062

Waster water heat recovery
ke (bath only) 450 | 450| 450| 450| 450| 450 450
‘=§ Photovoltaics (PV) 0.5kwWp | 1,470 1,470|1,470| 1,470| 1,470| 1,470 1,470
@ Photovoltaics (PV) 0.75kWp 185| 185( 185| 185| 185| 185 185
Photovoltaics (PV) 1kWp 185| 185| 185| 185| 185| 185 185
Photovoltaics (PV) 1.25kWp 185| 185( 185| 185| 185| 185 185
Total cost uplifton 'actual’ 2,492 | 3,239 | 3,313 | 2,720 | 2,739 | 3,308 3,790
N1 N2| N3| M1| M2| M3 Very High
Fabric and ventilation 61| 1,229|1,949| 1,123 (1,838 | 2,786 3,436
Heating system 0 0| -525| 1051 | 1576 | 1576 -1576

Waste water heatrecovery
(bath only) 450 | 450| 450| 450| 450 450 450

.f—T_S Waste water heatrecovery
% (plus en-suite) 20 20 20 20 20 20 20
- Photovoltaics (PV) 0.5kWp | 1,470 1,470|1,470| 1,470(1,470| 1,470 1,470
Photovoltaics (PV) 0.75kWp 185| 185( 185| 185| 185| 185 185
Photovoltaics (PV) 1kWp 185 185 | 185 185 | 185 185 185
Photovoltaics (PV) 1.25kWp 185| 185( 185| 185| 185| 185 185
Total cost uplifton 'actual’ 2,556 | 3,724 | 3,919 | 2,567 | 2,757 | 3,705 4,355
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ASHP solutions
N1 N2 N3 M1 M2 M3 Very High
Cost (£)
Fabric and ventilation 358 3,035 4,936 | 2,616 | 4,649 | 6,161 8,538
Heating system 1,737 1,737 1,737 | 1,737| 674 | 1453 -694
o Waste water heat recovery
>
o (bath only) 450 | 450( 450| 450| 450( 450 450
k5 Waste water heat recovery
:__3 (plus en-suite) 20 20 20 20 20 20 20
A Photovoltaics (PV) 0.5kWp 1470 | 1470| 1470 | 1470 1470 | 1470 1470
Photovoltaics (PV) 0.75kWp 185| 185| 185| 185| 185| 185 185
Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1.25kWp 185| 185| 185| 185| 185| 185 185
Total cost uplifton ‘actual’ 4,590 | 7,267 | 9,168 | 6,848 | 7,818 | 7,203 10,339
N1 N2[ N3| M1| M2| M3 Very High
Fabric and ventilation 278 | 2078| 3328 | 1933 | 3546 | 4376 5958
Heating system 1755 | 1755 1755 990 990 | -540 -540
Waste water heat recovery
§ (bath only) 450 | 450( 450| 450| 450( 450 450
2 Waste water heat recovery
% (plus en-suite) 20 20 20 20 20 20 20
E Photovoltaics (PV) 0.5kWp 1470 | 1470| 1470 | 1470 1470 | 1470 1470
E Photovoltaics (PV) 0.75kWp 185 185| 185 185| 185| 185 185
Photovoltaics (PV) 1kWp 185| 185| 185| 185| 185| 185 185
Photovoltaics (PV) 1.25kWp 185| 185| 185| 185| 185| 185 185
Total cost uplifton 'actual’ 4528 6,328 7,578 | 5,418 | 7,031 | 6,331 7,913
N1 N2 N3| Mi1| M2| M3 Very High
Fabric and ventilation 84| 1,668| 2,610 | 2,086 | 3,483 | 4,005 4,897
Heating system 1,755| 1,755 1,755 | 1,755| 1,755 | 224 -541
Waste water heat recovery
& | (bath only) 450 | 450| 450| 450| 450| 450 450
é Waste water heat recovery
§ (plus en-suite) 20 20 20 20 20 20 20
§ Photovoltaics (PV) 0.5kWp 1470|1,470|1470(1,470(1,470|1,470 1,470
'-Eé Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1kWp 185| 185| 185| 185| 185| 185 185
Photovoltaics (PV) 1.25kWp 185| 185| 185| 185| 185| 185 185
Total cost uplifton 'actual’ 4,334 5,918 6,860 | 6,336 | 7,733 | 6,724 6,851
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ASHP Boiler Solutions
N1 N2| N3| M1| M2| M3 Very High
Cost (£)

Fabric and ventilation 82| 1727 | 3018 | 1495 2881 | 4205 5831
Heating system 1755 990 | 990 225 225| -540 -540

Waste water heatrecovery
§ (bath only) 450| 450| 450| 450| 450| 450 450

é; Waste water heatrecovery
% (plus en-suite) 20 20 20 20 20 20 20
é Photovoltaics (PV) 0.5kwWp |1,470| 1,470 1,470 1,470| 1,470 | 1,470 1,470
g Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
:é Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
"' [“Photovoltaics (PV) 1.25kWp | 185| 185| 185| 185| 185| 185 185
Total cost uplifton 'actual’ 4,332 | 5,213 6,503 | 4,215| 5,601 | 6,160 7,786
N1 N2 N3| Mmi] M2 M3 Very High
Fabric and ventilation 17| 764 | 1192 | 953| 1326| 1895 2377
Heating system 1012 | 1012| 619 226 | -167| -167 -167

Waste water heatrecovery
= (bath only) 450 | 450| 450| 450| 450| 450 450
% Photovoltaics (PV) 0.5kWp 1470 | 1470 | 1470 1470| 1470 | 1470 1470
E Photovoltaics (PV) 0.75kwp | 185| 185| 185| 185| 185| 185 185
Photovoltaics (PV) 1kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1.25kWp 185 185 185 185 185 185 185
Total cost uplifton 'actual’ 3,504 | 4,251 | 4,286 | 3,654 | 3,634 | 4,203 4,685
N1 N2 N3 M1 M2 M3 Very High
Fabric and ventilation 61| 1,229|1,949| 1,123| 1,838 | 2,786 3,436
Heating system 1,279 1,279 | 660 41| -579| -579 -579

Waste water heatrecovery
(bath only) 450 450 450 450| 450 450 450

= Waste water heatrecovery
E (plus en-suite) 20 20 20 20 20 20 20
« Photovoltaics (PV) 0.5kwp |1,470|1,470(1,470|1,470| 1,470 1,470 1,470
Photovoltaics (PV) 0.75kWp 185 185 185 185 185 185 185
Photovoltaics (PV) 1kWp 185 185 185 185| 185 185 185
Photovoltaics (PV) 1.25kWp 185 185 185 185 185 185 185
Total cost uplifton 'actual’ 3,835| 5,003 | 5,104 | 3,659 | 3,754 | 4,702 5,352
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Appendix D — Carbon and Energy Policy Final Outputs (Presentation)
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Domestic running (operational)
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Timeline
Part 1 Alcwalia SSS Greater Manchester Spatial Framework
Blulldings e - y
Performancs | i | | o | | 2028 | 2038
Palicy GM-5 2 Carbon and Energy
Part 2
o Oftamtti All new developments need to be zero net carbon
S ! i from 2028 following the energy hierarchy
T i {with any residual carbon eméssions offset)
Current Position ! 1
1 1
: ! !
Stage 1 ! !
1 1
o !
Stage 2 | !
e -
Stage 3

A staged approach is proposed, this includes:

= |ntroduction of immediate requirements for new developments from 2020 — cost effective measures that will allow for
business adaptafion. The consideration of an early set-up of a Carbon Offset fund (~2022, see Part 2 report*)

= |mprovement over 2020 requirements on 2025, in light of the potential introduction of the Future Homes Standard
Inclusion of additional policy objectives

= 2028 inclusion of all policy items delivering a net zero carbon development as per the UK-GBC framework definition

www.curriebrown.com | 3
" net-zero carbon policy kicks in 2028, While the Carbon Ofset fund must be activated then. it raises the
dustion &% bo how Dast bo prepane Tor 1his and iF its eslablishmen can be brought forward
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Hierarchy

Carbon and Energy Policy Implementation
Study, Currie & Brown 2019 Research
Principles

=  Energy and carbon emissions reductions needs
to be considered together at all stages of the
transition. Focusing on carbon emissions and
only risk resilience of solutions proposed

»  Measures implementation pace should allow for
stakeholders to adjust, while targets are not
compromised. Measures integration is based on
cost-effectiveness of solutions both in terms of
construction as well as operational costs

= Measures avaluated and recommendations

offered must ensure foresight. Energy generation

and carbon offsetting are key steps to meating
the goal. The solutions should be set up in such

manner that the new buildings are future proofed

and contribute positively to both environmental
protection and soclal values

Cost
effective
&
Affordable

Carbon Emissions
&
Energy Demand
Reduction

Future Proofed
&
Positive
contributor
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Research Boundaries

Carbon and Energy Policy Implementation Study,
Currie & Brown 2019

Part 1
=  Construction stage, embodied carbon and demolition emissions
are not currently considered within the bullding regulations. These HH
are also omitbed from the costing presented within the research EUI'dII’IgS PEI"fD-I'H‘IH.HCE‘
project

s Performance of domestic bulldings based on gradual
imprevements is established through the review or archetypes of
houging typologies representative for the area

= The development of archelype based improvemenl scenarios uses Part 2
current best construction practice and standards. Model energy
and carbon performance oulpuls are produced using the )
government's approved method (SAP) Carbon Offsetting

= Cost uplifts are estimated using current prices. Domestic building
cosle are eslimated through medelling. Mon-demestic buildings
costs are estimated using standards such as BREEAM data and
literature review information on cosl upifis

= Carbon Offset guidance produced is based on lilerature review and
actual carbon offsetting schemes and LA inftiatives information,

= AN advice and recommendations within the report are based on
best practice and current knowledge

s« The Part 1 and 2 reports provide the evidence base for appropriate
policy development. Recommendations offered are based on
findfinge and in-house experience and experlize on the matier.
Algnment with local policies and selection of appropriate policy
waording prier to direct implementation is advised. It is nol within

the scope of the report to produce the policy itself but to inform the .
palicy maker www._curriebrown.com | 5
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Main energy and carbon areas of consideration

Current Implementation Study UK-GBC
Currie & Brown, 3013 Ner Zero Carbon Buildings:

A Framework Definition, 2019

Mt pere corben - constructen (1.1}

Operational Energy Use — Definitions

Met zero carbon — operational
energy is defined as:
Reguilated energy demand: “When the amount of carbon
emissions associated with the
building's operational energy on
an annual basis is zero or
negative. & net zero carbon
building is highly energy
efficient and powered from on-
site andfor off-site renewable

As calculated for compliance with the buillding regulations.
Includes energy wsed for heating, hot water, installed
sendcas and lighting — 1

—

Unregulated energy demand (report context): | Net 2ers carbon - cperational snergy (1.2)

In the case of residential buildings this incledes the anargy

used by the ocoupant during the operation of the house for I energy sources, with any
evaryday needs such as computer/phone charging. g | remaining carbon balance
refrigerators, washing machines atc. I affsel.”

In the case of commercial bulldings this refers to small
power (inchedes computers, server, and on-board spacialist
equipment and othar)

Energy demand and carbon emissions should be treated together. Setting only a carbon target, against Part L notional, keads to the

following knock-on effects.

1) Itis not very clear as to where the carbon emission savings come from (fabric, installed services and/or energy generation}.

2) Carbon emissiens are calculated based on the carbon intensity of the energy type required (gas, electricity or other), The carbon
intensity of electricity is ever changing as the electricity grid decarbonises and therefore such targets become a moving target

3) The comparisan is conducted with a specific version of PartL1A where minimum reguirements also change every 5 years

www.curriebrown.com | 6
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Net-Zero Carbon Building — Definition

The following recommendations are made in terms of adopting a GMCA transition period to net zero
carbon — to be completely adopted from 2028 (following a stepped approach), with interim stages
required to reflect, adjust and enhance requirements.

Stage 1) 2020-2025 covers predicted operational energy demand — excludes
unregulated energy use

Stage 2) 2025-2028 includes unregulated energy, energy storage options,
operational energy monitoring

Stage 3) 2028-onwards includes embodied carbon, whole life carbon calculations
(including construction) and carbon offsetting allowances

At Stage 3 the Net-Zero Carbon target will align with the objectives of the UK-GBC publication
‘Net Zero Carbon Buildings: A framework definition’

www.curriebrown.com | 7
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Palicy

Giuid e

Qualiny Assessmant

Pathway — Net Zero Carbon

Risaarch

Stage 1 _ Stage2 [ Stage3 ]

< Sample sbe Monioring niks ]
+  Unreguizi=d snengy use alicwante .
«  Parformance gap danargs .

EEO3

IIrgedhic e Marlandny pobey alomenis

< Dt Reguiaied Er'E"ﬂ:.'El"IJCEI‘DI.‘:I'I.
requirsments

« WoreDomestic BREEAM o smilar very [
Gaood', min energy and carbon 'Excelent’
recpiremanis

<  Renewable srergy generation langsis .

< Legal 2028 nel-zern camon dalinticn [

+  Domesic Regulai=d Enerngy and Czr:l:t'llmls.
qon-Domestc BREEAN or simiar o
ExcellEnt, min =n=gy and carbon .
requinemants upint apples (side 16)

+  [Renswable energy genszbon lageis I

< ILDCal 1D nalenal polcy aagnment -"‘_l Updale

«  Domesic Reguished Enengy and Caton [ ]
Imits o net-zeme carbon

\
P

P'Enl'e-.Ja ellne _:req-auzgf-uemthcura:- &) niroduce Mandaiony polcy ekments N rk: “ Non-Comestic BREEAM or simiar o gy
{Domestic and Hon-Domesic) o . -
. f ) Excallent, min energy and carbon
< Sampk ste mondonng nikes estacisned [ t}:, P ————— ,3;,:,?, Zorw' el
«  Eampk =ie monilonng D . (= dependan | .'I-'. BREEAM 'Cutslandirsg’
< Ueveguised enengy wee caicuation [l [ #  Unmegulated anery use catuation guiance B | = + Renewatie energy gereraton targets )
guidance canfreed - Jlowance = + Local ko nabanal pokcy aligrment
« Emergy gereration monitonng oE « Performance gap minmsaton siandanes [ [ | G :
< Perfomancs gap minimisation o= ..\‘_ impl=menied - framewark J‘,l ﬂ
Frepare the Fre-2028 Tamgets (laourabie) niraduce mandaiary policy el
(Domerstic and Hon-Domesic ) " T .
+  Mnimum enengy shorage requirements
= L e e < Minifm Eml:m;?-amaal:-:n PRI o)
gukdance produced P X
= < Emiodied Camon paicy and panning a :;;:ﬂ:;::m peolicy and planning
; guidance praduced El = Imircdhection of limis for mvesiment within .
O WO e CATDen polcy and plannng e Carheon Ciffset fung
gudancs produced om

#  Cannan Jifset fund cperaicnal’

" net-rerg carhan palicy kicks in 2029, While the Carson Offsst fund must ks actvated then, i rases e questios
a3 1o hoew el o pregare for this and F ibs 2stablish=enl can os brought foreans
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Policy Pathway and Evidence from the reports

Informafion provided should be read in conjunction with the reports produced
Furthermore:
»  Defaled energy and carbon targets are provided as per the reports’ outputs

*  Recommendations on the pathway to net zero carbon includes elements where further research will be
required

*  Policy targets are suggested as per the latest guidance in terms of Building Kegulations and current GMCA
commitments and may require revising as such elements get updated

»  Domestic buildings research was conducted using a modeling approach and therefore outputs are far more
detailed than non-domestic buildings

= Non-domestic buildings can follow a similar domestic buildings frajectory in terms of underying principles, Due
to stock variability and fulure Greater Manchester growih plans, if necessary and desirable, additional detailed
research will need to be conducted for the establishment of numerical thresholds for all metrice concemed
for different building typologies

»  Costimpact of non-domestic building upgrades is expressed as an average construction cost uplift percentage
associated with BREEAM. This is due fo the inherited variability in terms of construction types, sizes and intended
use

»  Guidance referenced within the research is up to date, but updates will be required by 2028

www.curriebrown.com | 9
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Domestic Buildings — Stage 2
(oagn hcson —— lcommenw ]

Sample site monitoring review Itis recommended thal the post-sccupancy evaluation standards for major developments ars reviswed and
the adjusted accordingly. This might include extending the approach to smaller scales of developmeant.

Performance gap minimisation It is recommendead that policy requires for Performance Gap minimisation to be demonstrated by the
standards implemented - framework  developer though a written statement.

Guidelines should be updated based on Teedback received

STAGE 2
2025-2028

Other areas of interest

Energy storags policy targe! and planning guidance produced:

Emérgry storape has the potential o enable grester amaunts of renewahle enengy to cannect 1o the distribution grid, thereby enabling carban sadngs 1o be acheevad
Noweser mare work would b2 needed fo deselop a methodology o predict and afiribule such saxings fo 8 panicular Schame

Flegss ndle hal such recihiolsgies can be aded 88 sarm of e Carborn Oss! fund but also if wodkd be desa il 0 COonSiokar i o- 586 reguirameyits. That il assist m
apiiTRErg Shorage and uge of on-gife penerailion S0 MMTEEnG oocpanl expendiive. Addifonal ressanch an fechnolnghcs) solitians, stanid-aive or commral spalems,

AFELTANCSE AN WArrSie s 15 redquursd

Embodied carbon policy and planning guidancs produced

It appears thal thera & a current lack of Knowledge in the built emvdironment indusiry anund embodied carbon. To meet the nel zero carbaon new deselopment 1anged
approgrigte policy will neesd 1o be deseloped. Guidance on the maler is curmently being produced and needs o ba researched inlems of planning purposes. The LET]

Emirediesd Carfron Primer could be & good staring point (higafewas Bl ondonfecp)

Whole life carbon policy and planning guidance produced
The whole lile approach would cover all steges of a structure's life (cradie fo greve) — and betier align with the UK-GBC Met-Zero Carbon construction. Further research

inlo slandards will nesad o be perfarmed (o alow Tor approgrizte planning and policy guidance deselopment.  Receni work by LETI {(Embodied Carbon Primear) provides
Same puidance on how developers can achieve 2ero operational and embadied carbon buildings
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Non Domestic Buildings — Stages 1-3 Targets

STAGE"1

STAGE 2

2020-2025

2025-2028

BREEAM
‘Wery Good
Reguirement

BREEAM
Excellent’
Reguirement

BREEAM
Excellent’
Reguirement

It is recommended that in terms of sustainability targets a Non-domestic BREEAM minimum rating of "Very good’ is mandated.

Carbon requirements wise within the “Very Good” target, a mandatory requirement for schisving the BEREEAM ‘Excellent’ minimum
standards, 4 eredils for Energy Performance within the "Ene 01 - reduction of energy use and carbon emissions’ is implemented.

Plesss node that BREEAM accradifafion does mol exclusivedy rafer fo anemy sffciency and carfan performaics of nan-dormeshic banfidings, b
COWeE § ranmpe of sustainahilily Mmegsures seorad o reduce ansfronnents) impact

It is recommended that in terms of sustainability largets a Mon-doemestic EREEAM minimum rating of 'Exesllent’ is mandated.

Carbon requirements wise a mandalory requirement for achieving the BREEAM “Excellent’ with at lsast § credits for Energy
Performance within the 'Ene 01 - reduction of energy use and carbon emissions’ is implemented.

It iz also recommended that a level of performance for unregulated energy [operational) uss is implementsd based on the different
building typologies. This can be found under BREEAM eriteria for ‘Ene 08 Energy Eficient Equipment’.

Flages pode fhal Enedd refere oy o opersdions enargy vee snd doss nofl nclwde amboted carbon ar whoke lifecpohe carbo
It ie recommended that in terms of sustainability targets a Non-domestic EREEAM minimum rating of 'Excellent’ is mandated.

Carbon requirements wise a mandatory requirement for achieving the BREEAM "Outstanding’ 9 credils for Energy Performancs and 4
Tor energy modelling and reporting within the "Ene 01 - reduction of energy use and carbon emissions’ is implemented .

It iz also recommended that a level of performance for unregulated snergy [operational) uss is implemented based on the different
building typologies. This can be found under BREEAM criteria for ‘Ene 08 Energy EMicient Equipment’.

Fleges node that BREEAM 9 creaits Mo Erl&fyy Parforrancs i |E‘."':3I'{.'II..‘.‘|‘.'I'E‘.'IL"\'E' fransigte info g Nef-Zarp .'-E‘-QI..‘.'&I'-E'I'J L CArtan SEsions
el

Plesss nde BREEAM proside updared sclemes ewsry fow peans with afenn updsdes, so specific crlenia may be subject to change
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Non Domestic Buildings — Stages 1 - 3 Targets

Other areas of interest

Stage 1:

& [sa ba the varabiity in nan-domestic buikdings tpe, size and use, inroducing exact ihresholds for heating, hol waler generation and Mixed Sendces was nof possibe. In Tecl
im barms I!ITE'l'lE'I'g:ln' and cailbon perloranceas of dew nan-domestic tlmldll'lg energy affic BNLy parfdmmance improvemant over standaird consbructon (%) S a comiman mebnc
of dage rhlng TN PIRsaTE . 11 is recommendad herefare that BREEAM accreditation is used 1o evaluals energy and carbon performance improvements

o inimum renewsile nangy generalion targets are not prescripglive, ol rather ane transiEied through interpretabion of e echnolagy in ferms of enengy and cesbon sevings
IF policy wanls o consider parcular energy generation thresholds for nan-damestic, further ressarch will be required.

« YWhilelha cogis of BREEAM ratings are iypically in the range of 8 Tew percent of capital cost, the impications for specific buikiings, development locebans {e.g. gresnfisld
giles, away Trom iranspon links and ameaniies) may be higher and he costs of e cerificalion ilsell becomes considerabie for smalker developmants, A size thresheld
may Help to reduce costs for smallar projects,

Stage 2:

i Lis recommendsd thal the pﬂllt:'hl 'l'l'ﬂhil'lﬂ ensilres that there is an Bnergy G\ﬂl‘lhul‘ﬂpﬂ]bﬂ rmrdtnrlny reqmmmmtm néw non-domestic hulldlnqu The draft
Lamdon Plan F'l:ill'.‘g,' S12 requinag thal major dessdogmants manior and regon on anangy partamance for al least fe yeans wig an online ponal, a similas approach can bea
Fobowesd willin Ihe GIMCA,

o UEing Soft Landings®, smar mekers and requirements Tor Post Docupancy Evaluations for lange developments can all support estracting additional knowledge over
dalkerad factua F&IT!’ZII'I'I"I&I'ICB af tlulldll'n':]ﬁ MumimiEmg the Perfomrmance Gag Ibis recommended the Pﬂth‘ inlroduces a requlrarrrmt =14 I"ﬂpﬂl‘ﬁu on actons and
measures in place, for all new non-domeslic d-au‘-alupmenta, '.'.ll'ﬂ!“ﬂl‘lﬂ the aveidance of a Performance @ap |I"|I!.‘|I.Iﬂ|l'|ﬂ considerations around Iﬂ--ﬂmﬂ o ag-
built {consiruction) and as-bulld to in-use [operation).

« |tis recommended thal whels life carbon policy and planning guidance is pradused. The whole B%e approach would be all siages of a stucture's Fe (cradle to grave)
— and bettar align with the UK-GEC Mes-Zera Carbon carsiruction. Further research indo standards will nesd b be performed 1o alow for appropriste planning and palicy
guidance davalopment Tor non-damestic buidings.

Stage 3:

* A% in the case of domestic buildings itis recommended that minimum energy storage requirements for non-domestic buildings are introduced. This can be Sel
L a5 & recquirernent for bath buiklings generating energy bul &iso Tor buidings hat can acl 83 interim enargy siorage unils for enargy genaerabon in Me srea. Fuiher
recaarch wil nesad 1o be conductad in terma of tha CApEC fas required fram dll'l'él‘El'lttlmldll'ng t}'D'EE and sizes.

 Itis recommended that whole life carbon pelicy and planning pelicy = intreduced. This should include thresholds for embodied carbon following industry
guidance,

 is recommended that the policy considers reduction of allowances Tor carbon offsetling to support more an-site delivery

4101145 www.curriebrown.com | page 219



Greater Manchester Combined Authority
Carbon and Energy Policy Implementation Study
30 April 2020

Domestic Archetype costs (Fabric Only)

Construction costs St Haene

mi Flats

Space Heating Demand {Fabric and ventilation) Detached £4,800 £2,600 - £6, 200"
I o End-rmace £3300 £1,900 . 4 400°
'I. &D 40
r 5 l 35 Wid-Tamace 1,700 E2, 100" - E2,100
.'_: =0 -| ————————— an
= —— e Toweihouse £3.000 £1,5000 - £2,900
> B 15 15
T E 0 I i 1B Flat EDOD £1,000° : £1,000
IE bl
.= . . . . . , . 2B Flat 1,250 £1,100° - E1,150°
. » |:. Part i, ] M2 M3 1] W12 M3 ey

A e * Mests lower heating energy demand targets — see graph
£ M—etachad House End-terrace house Non-Domestic costs
= N 10D Ol HOuSE B - Derracs | o n e
'_ Energy ESciancy Winimurm carhon reducion of 15% 7K
EREEAM BREEAK Excalan rating 1-2%
Tl cF-a%

Domestic :

- Meeting the highest modelled fabric standard and including 1.25 KWp of PV and both WWHR and ASHP does not increase the construction
costs in any of the models by more than 6%.

- Imabsalute terms, meeting the “Very High' standard at the detached archetype new domestic model was the most expensive uplift, with
additional construction costs of around £9000 predicted (excluding installation of PV

- Al standard “Very high' all types require less that 10kWh/m2 per year for heating (specs excesd the current Passivhaus minimum standards)

Mon-Domestic:
The additional cost of EREEAM Excellent certificafion may be a 1-2% for measures not associated with delivering energy requirements
In many buikdings this additional cost could be under 1% subject toits location, the base design and experience of the design and
consiruction team )
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Occupant running costs

Domestic Archetype costs (Fabric Only)

il sRag o WL - Bedal L compatd o ML esedbaner - Wee Dorearn: Bdding & |n al modsis the move ooan ASHP Ceefficert of Performance
(CI0P) 2.5 led o higher anmual energy bils. This was roughly £150-
200 par wear in hoisses Tor regulaied enargy use and £50-150 in tha
case of flats for regulaled energy use

Policy recammendation: if heat pumps are 1o be used ina
development for Stage 1 the system should be designed to operate
ot low temperatures and 1o achisve & minimum heating COP of 3.0

s P4 electricty generation based on 2KWp for houses and 0.76KWp

instaled Capatty in Nats would e b sdcliornal annual ssvings o
0 and £77 accordingly.
" Tied in with the palicy recammendation in termi al minimdm PV
I I I I I| II installation {Stage 1 and ) with generation benefits attributed to
i II I I I I 1 II| | | I the ocoupanis

e = F Wase Water Heat Recovery Systems were fo be instaled in the
propedies additional annual savings of £15-25 could be achieved in
the case of gas cupponed properes, and £35-55 in the case of Bl

sl Bmeemg ok el=cing properies

= Mowing from M1 b Yery High in the housing modats ked 10 annual
enengy sawngs of around £80 for gas boiler based houses and £66

g s fior Nats. The same upgrade in ASHF supporied modsls (M1 o PH)
le led to annual savng= of around £150 in both houses and flats
. = The cosk ol elecincty [retal) is espected by be 4 Bres mong than thal
| of gas
The cait of all #lectric selutions will require an intraductian af

‘affordability’ within the emergy and carbon policy wording.

T

|Jr.|:‘.|-|1::..ra-r.‘:‘.rlag_.rarr.|:‘.r|1:}..rarl.,:1laah_..rlrr.,:|:|11,_|:I|-|-|,:...|Jl__1:r Th.l:wld I"ﬁud.‘m"mm‘h-gnn"ﬂ ‘mm“
- & - . - = e . i - ke - expected to be more expensive to operate {regulated enengy] when
e e e e eempared 1 the netienal building used for minimum  regulsieny

N e S . compillanca.
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