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This report examines the need and opportunity for domestic retrofit in Greater
Manchester with a focus on delivering Net Zero housing stock by 2038. It asks where are
we, where do we want to get to and how do we get there?
A housing stock data baseline for each of the 1.2 million homes in Greater Manchester is used to
model the range of pathways to Net Zero in housing by 2038. This is supplemented by an indepth look at housing health and safety risks, and dynamic modelling of six archetype homes.
The most pressing need is for housing to make the switch from fossil-fuelled heating. Without a
switch to decarbonised heat, CO2 emissions from housing can only be reduced by 50%. Fabric
measures are necessary alongside this switch to ensure bills remain affordable, homes are
healthy, and power supplies and infrastructure can meet demand. A combination of minimum
standards or targets is needed to achieve this at a strategic level, but ultimately every home is
different and will require a tailored plan for implementation.
Our four recommendations are summarised below and detailed at the end of this summary.

Where are we?
Most (54%) properties in Greater Manchester fall in the SAP D band with an average rating of 63,
and average CO2 emissions from heating and lighting at 3.6 tonnes from each home. These
values help grasp the scale of the challenge ahead for decarbonisation, but when it comes to
planning action the reality is each home varies widely when it comes to the challenges and
opportunities for retrofit.
Health hazards
There were 2,220 excess winter deaths in Greater Manchester in 2017-18, of which around a
quarter may have been related to cold homes. Excess Cold is one of the top 5 hazards in the
Housing Health and Safety Rating System that cause the greatest costs to the NHS because of
their frequency and cost to treat, and earlier work by the Smith Institute that such non-decent
housing is more prevalent in the North West than the rest of England. The Government’s target
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for fuel poverty is to improve homes to SAP band C, yet the average home is in band D and close
to 22,000 homes in Greater Manchester are still in bands F and G.
This research finds Excess Cold is particularly prevalent in Bolton, Manchester, Oldham, Salford
and Tameside. A second fuel-poverty related hazard of Damp and Mould Growth is found to be
more prevalent in Bury and Stockport, holding most risk for children aged under 14. Stockport
and Trafford have the highest proportion of housing at risk from combinations of excess cold,
carbon monoxide and/or damp and mould growth.
Basic insulation measures or more efficient heating can remove this risk of Excess Cold (SAP F
and G) and – combined with ventilation – can address Damp and Mould Growth, and with it start
reducing the annual £1.4 billion cost of cold homes to the NHS.
Property types
Energy use and CO2 emissions vary with property type and location. The stock is dominated by
pre-1970s terraced or semi-detached properties with gas central heating, with two significant
exceptions. More homes on the edges of the region, which tend to be larger, detached, and/or
heated by oil or solid-fuels, tend to be carbon intensive. While smaller homes and flats in the
metropolitan areas tend to use less energy and emit fewer CO2 emissions.

Where do we want to get to?
Net Zero is not only challenging in the scale of ambition, but also the complexity of what it
means in terms of demands on power supplies, the heating and fabric of homes, and occupant
behaviour. The implications cannot only be measured in terms of CO2 emissions. Carbon
reductions need to be delivered in an economic, fair and secure way.
Destination scenarios were tested for a significant sample of Greater Manchester homes to
identify the impact of different interventions in the home and the decarbonisation of power
supplies. Scenarios are grouped into four categories, each marked out with a colour throughout
this report: baselines (orange); gas based (blue); heat pump based (green); solar PV (yellow). The
graph below shows the average CO2 emissions, bills and investment per home for key scenarios.
The most significant factor for decarbonising existing homes is heating systems. Fossil gas
boilers are incompatible with a Net Zero target, as their presence in Greater Manchester limits
CO2 emissions reductions to around 50% of today’s level. Replacing fossil fuels with low carbon
heating, principally air source heat pumps can achieve reductions of 90% by 2038.
It is perhaps surprising how little impact fabric measures have on CO2 emissions reductions in
the green scenarios, but this is because heat has largely been decarbonised. Fabric is still
required to manage the rollout of low carbon heat and to ensure the wider energy ecosystem is
affordable and secure by:
•

Managing pressure on the electricity grid

•

Reducing risk of higher bills

•

Improving comfort and health

Pathways to Healthy and Net Zero Housing in Greater Manchester

|

2nd February 2021

95% of today’s CO2 emissions can be removed from Greater Manchester housing through the
combination of heat pumps and cost-effective fabric measures (see blue box). This requires an
average investment of £10,100 per home at 2019 prices1. In terms of energy demand, a heat
pump reduces energy demand for heating by two-thirds, but higher electricity prices do little to
reduce bills compared to Today.
Cost-Effective Fabric Measures (CE Fabric)
We defined fabric measures as cost-effective if bill savings were likely to payback the
installation cost over their lifetime (Section 3.2.1 has more detail). This list includes:
•

Loft insulation

•

Cavity wall insulation

•

External wall insulation

•

Internal wall insulation

•

Floor insulation

•

Insulating a water cylinder

•

Low energy lighting

These definitions have caveats, for example insulating a cylinder is cost-effective
only when there is no existing insulation.
Applying cost-effective fabric measures alongside heat pumps will reduce demand further to an
average of 53 kWh/m2 while including all relevant fabric measures delivers, on average, 46
kWh/m2. Some of these additional measures have very high costs for small reductions, but some
may be worthwhile. All of the heat pump scenarios lower bills compared to the current baseline.
The equivalent scenarios with gas upgrades achieve larger bill reductions for lower investment,

1

Covid-19 and Brexit are impacting supply chains and pricing, which is beyond the scope of our analysis.
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but do not achieve large enough emissions reductions. This highlights the current structural
misalignment of costs and emissions reductions.
High levels of fabric efficiency will also allow consumers to benefit from new energy tariff
structures that reward flexibility of demand, as well as benefit from improved comfort and lower
risk to health. Policy-makers will need to remain cognisant of the risk that vulnerable consumers
could get left behind, particularly where they do not have control over the quality of their
housing or, in some cases, their bills; but overall flexibility should be rewarded to the extent that
it benefits the whole system and keeps peak prices affordable.
Our dynamic modelling shows the importance of sizing heat pumps in relation to the home’s
specific thermal performance. Whole house planning, as delivered by PAS2035, can deliver
upfront cost savings and ongoing efficiencies from correct sizing of the heating system and
zoning for better control, but delivering the plan’s fabric measures first are essential to getting
that sizing right for the long-term.
The cost of solar PV may deliver less decarbonisation benefit as power supplies decarbonise, and
their supply does not align with increased electrification of heat. When tested against the
archetypes it was found that solar PV had a greater value where only cost-effective fabric
measures (as opposed to deep retrofit) were applied, as it had more potential for use on-site.
Finally, there is too much uncertainty around hydrogen to model its potential performance and
costs at address or even area level. It may well play a role in the 2030s, but the scale and the
urgency of the challenge has stakeholders agreed that heat pumps need to accelerate in the
2020s and will deliver significant CO2 emission reductions in Greater Manchester.
Secure energy supplies
The decarbonisation of heat will have a profound impact on the electricity grid in terms of
seasonal variation and managing the intermittency of renewable power supplies. The Pathways
model indicates annual electricity demand per home at 5.3 MWh for the heat pump only
scenario, 4.4 MWh for the heat pump and cost-effective fabric scenario and 3.8 MWh for the heat
pump and all fabric scenario. Analysis of work commissioned by the CCC indicates meeting a
demand of 8.1 MWh per home2 is compatible with Net Zero targets.
National Grid ESO is confident in the ability of the supply side to meet this challenge in line with
the GMCA timeline, but there is a question about the costs and the extent to which demand side
reductions could be delivered more cost-effectively, and with wider social and economic
benefits, than investing in strengthening parts of the power grid.

2

Derived from: Imperial College London (2018). Analysis of Alternative UK Heat Decarbonisation Pathways
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Fabric measures to lower peak demand have an overall benefit to the system, and in some
specific and potentially relatively small geographic areas, lowering peak demand will reduce the
extent of distribution network reinforcement required and perhaps eliminate the need. DNOs
should be encouraged to compare these costs and benefits on a case-by-case basis to get valuefor-money for billpayers.

How do we get there?
GMCA staff identified a number of policy options within the control of the Authority, and these
were compared with a ‘today’ and a ‘do nothing’ scenario, where the latter reflects the impact of
lower carbon intensity in the electricity network by 2038. The assumed uptake of different
policies was based on evidence drawn from the UK and Europe, and the impact of that uptake
was modelled in Pathways. The graph below indicates the CO2 reduction from each scenario on
the homes affected and the wider housing stock for the medium uptake assumptions.

Different policies target different sectors of the housing stock, so combinations of policies are
required. When stacked the cumulative impact of the interventions still falls short of the desired
outcome of Net Zero housing in Greater Manchester by 2038, even with the most optimistic
assumptions. This indicates a significant proportion of fossil fuel heating systems remaining in
place. Wider measures to address the systemic barriers to change will likely be required to
achieve Net Zero, alongside protections that ensure heating remains affordable.
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Average CO2 Saved per home
(tonnes/year)
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1.5
1.0
0.5
0.0

Do nothing

Low Uptake

Medium Uptake

High Uptake
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MEES

Community Delivery

Loans

Good Landlord's Charter

One-stop shops

Recommendations
Encourage fossil gas phase out
A successful Net Zero plan must phase out every fossil gas boiler.
2038 is approximately the lifetime of a gas boiler away, so urgent
steps are required to begin the eradication of fossil gas heating.
GMCA should use every power available to support this aim, as
without making progress on this, it is not possible to reduce CO2
emissions beyond about a half, even with extensive fabric retrofit
and boiler upgrades. There are multiple systemic and social barriers to achieving this change,
notably the misalignment between CO2 and cost incentives. GMCA will require support from
national government to address these.
Heat pumps are still poorly understood by the general public, so supporting exemplar projects
showing heat pumps working in archetypal homes, as well as communicating the need for this
action will help address the social barriers.
At a more practical level, GMCA should identify and support low CO2 heat networks, encourage
uptake of funding, and redouble efforts to install low-regret fabric measures (including building
the supply chain). Pending the results of BEIS’ Electrification of Heat trials GMCA should identify
all mechanisms to accelerate rollout of heat pumps and discourage uptake of gas extension
funding under HHCRO/Affordable Warmth funds.
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Set expectations for affordable, healthy. Net Zero homes
There are a range of pathways to Net Zero which can reach a similar
CO2 emissions target, but vary in terms of key factors including fuel
bill affordability and grid flexibility. Government policy has, to-date,
focused on EPC ratings to address fuel poverty but the most costeffective routes to SAP C do not align well with decarbonisation.
GMCA needs to consider the targets and/or guidance it sets for
homes alongside 2038 Net Zero CO2 to support affordability, the
resilience of the local power grid, and indoor air quality.
We propose a Future-Ready Home Rating System to reflect the complexity of achieving a desirable
zero CO2 housing scenario. This could handle multiple minimum standards and targets to
encourage improvement over time, and all metrics can be drawn from existing datasets, models
and standards. This should include:
•

A Future CO2 indication
Using either the Environmental Index formally part of the Energy Performance
Certificate, or an outright prediction of CO2 /m2/year.

•

Fuel bill affordability
The current A-G EPC rating indicates fuel bill affordability as it is linked to fuel bill per m2.

•

Fabric efficiency
kWh/m2/year sets out energy use and is comparable across property types.

•

Indoor air quality
Based on the presence, or not, of through the wall or whole house ventilation systems.

•

Demand Management
A measure of the ability for a home to be smart and flexible a function of fabric efficiency
and the presence of energy storage facilities e.g. water cylinders or batteries.

A rating system of this kind would enable robust future targets for a varied housing stock and
could be developed for a local area on a voluntary basis or recommended to the UK
Government. Incorporation of EV chargers, smart meters and energy storage within the Energy
Performance Certificate data set and the potential to model their benefits for decarbonisation in
SAP/RdSAP would enhance this further.
Provide Whole House Retrofit Plans
Whenever there is a prospect of a home having any measure installed,
a plan is needed to show how that measure fits within the Net Zero
plan. This is vital to ensure work supports rather than undermines
future efforts. The plan should show the property owner what
measures would be needed for an affordable Net Zero CO 2 outcome
while discouraging measures that block future plans.
Parity Projects used open EPC data along with other sources to model
the potential to decarbonise Greater Manchester’s housing. This data
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is valid for up to ten years, and there is no requirement for home-owners, landlords or installers
to update it, which means there are uncertainties, as addressed in the full report. Although this
has value at the strategic level, each home requires an up-to-date whole house plan that
optimises fabric measures to the point they deliver a home that is affordable to heat as fossil
fuelled heating is phased out. It should have the flexibility to respond to the property-owners
budget and wish to phase works and discourage measures that block future plans.
A centralised dataset – going beyond the EPC and available to service providers to advise
property-owners and local authorities and lodge completed works - could be used to inform
property-owners, installers, local and national government on the potential, need and challenges
for decarbonisation at the address, area and national level.
This can be developed on an area basis or sought from the UK Government who have the power
to improve the availability and accuracy of data, with the ability for service providers to then
develop innovative interfaces that meet the needs of different parts of the property market.

Set out the roadmap to Net Zero, and remove roadblocks
Various stakeholders, notably social landlords, have a key interest in
improving Greater Manchester’s housing stock. Many of these have
set out similar ambitions in terms of Net Zero and fuel poverty, but
often lack direction. GMCA is well positioned to support and connect
these organisations to define the direction of channel and to use the
rating system set out above to better measure improvements.
GMCA should also coordinate actions between stakeholders to enable further action to be taken.
This could include removing roadblocks around data, regulation, finance that can reduce upfront
cost and uncertainty.
Increasingly homes need to be considered as one component of the wider energy network, so
GMCA should also engage with stakeholders in the energy system to ensure that home energy
measures are in sync with grid constraints. In particular, this report shows the importance of
understanding the fabric and demand flexibility of homes in defining cost-effective programmes
of work. The Government should include residential energy performance in its Modernising
Energy Data3 programme. The recent Energy White Paper includes multiple references to
storage, heat pumps, and data from homes, but these data points were not in scope for the
Energy Data Taskforce4 other than usage data.

3

Modernising Energy Data - GOV.UK (www.gov.uk)

4

Energy Data Taskforce - GOV.UK (www.gov.uk)

Pathways to Healthy and Net Zero Housing in Greater Manchester

|

2nd February 2021

ASHP ........... Air Source Heat Pump
AUC ............. Area Under Curve
BEIS............. Government Department of

HHSRS ........ Housing Health and Safety
Rating System
IWI .............. Internal Wall Insulation

Business, Energy, and Industrial

LIDAR.......... Light Detection and Ranging

Strategy

LRVCs ......... Long-Run Variable Costs of

BRE ............. Buildings Research
Establishment
BSRIA .......... Building Services Research and
Information Association
CCC ............. The Climate Change Committee

energy supply
LSOA ........... Lower Super output Area
MHCLG ....... Government Ministry for
Housing, Communities and
Local Government

(formerly the Committee on

NHS ............ National Health Service

Climate Change)

OS ............... Ordnance Survey

CCS ............. Carbon Capture and Storage

PAF ............. Post Office Address File

CE ................ Cost Effective(defined in Section

PHE ............. Public Health England

3.2.1)

PSMA .......... Public Sector Mapping

CHP ............. Combined Heat and Power

Agreement

COP ............. Coefficient of Performance

PPV ............. Positive Predictive Value

DEFRA ......... Government Department of

PV................ Photovoltaic (solar panels)

Food and Rural Affairs

RdSAP ......... Reduced Data SAP (National

DHW ........... Domestic Hot Water

energy calculation method for

DPDC .......... Double Panel Double Convector

EPCs for existing homes)

DPSC ........... Double Panel Single Convector
EPC ............. Energy Performance Certificate

ROCR .......... Receiver Operation
Characteristic Curve

EWD ............ Excess Winter Deaths

SH ............... Space Heating

EWI.............. External Wall Insulation

SPSC ........... Single Panel Single Convector

EPS .............. Expanded Polystyrene Slab

SAP ............. Standard Assessment

ESC .............. Energy Systems Catapult

Procedure (National energy

EV ................ Electric Vehicle

calculation method for new

FPR .............. False Positive Rate

home EPCs)

GMCA ......... Greater Manchester Combined
Authority
HED............. Home Energy Dynamics Toolkit

TPR ............. True Positive Rate
TPTC ........... Triple Panel Triple Convector
TRV ............. Thermostatic Radiator Valve
WRV ............ Wireless Radiator Valve
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GMCA commissioned this analysis to understand the need and opportunity for
domestic retrofit in Greater Manchester with particular emphasis on housing stock
with Net Zero CO2 emissions by 2038. The key parts of the project have been to
produce a housing stock data baseline for every home in Greater Manchester
including energy performance and home safety risk, and energy modelling based on
this baseline to investigate pathways to decarbonise housing stock by 2038 in line
with Greater Manchester’s Net Zero targets.
Net Zero
The UK has a legally binding target to “bring all greenhouse gas emissions to net
zero by 2050”.5 This means that by 2050 any emissions of greenhouse gases must be
compensated through schemes that remove the same level of emissions from the
atmosphere. Within this context GMCA has made a target “to achieve carbon neutral
living in Greater Manchester by 2038”.6
2.12

This report is structured around three key questions:
1. Where are we? (Section 2)
This section presents the baseline housing stock energy data across the ten
local authority areas of Greater Manchester. Summary data includes
performance metrics such as EPC rating and annual CO2 emissions, as well
as energy-related structure and heating system characteristics of homes,
such as age band, heating type and fuel and roof insulation. It also assesses
the presence and impact of health and safety hazards in Greater Manchester
housing. Address level data is supplied as a data file, and is summarised in
Section 2.1 with further detail in the appendices.
2. Where do we want to get to? (Section 3)
This section looks at the effects of 12 decarbonisation Pathways for Greater
Manchester’s housing stock. These are used to understand the potential
impacts of the scenarios on fuel bills, on demand for electricity, on the health
of residents and on the supply chain. Targets need to consider the
relationship between these factors.

5

BEIS, 2019. UK becomes first major economy to pass net zero emissions law

6

GMCA 2019. Government backs Greater Manchester’s plans for carbon neutral living by 2038
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Net Zero is not a straightforward target because housing cannot be
considered in isolation.Policy-makers need to consider the affordability of
interventions and remaining bills, and the capacity of future low CO2 energy
supply systems to provide heat and accept domestic renewable generation
need to be considered. These iIllustrative scenarios outline what needs to be
achieved technically in order to meet the Net Zero carbon target. This is
combined with a review of research that allows some useful guidelines to be
produced about what this destination could look like.
3. How do we get there? (Section 4)
This third section examines the policies that could be employed to move
towards the Net Zero carbon target. These model the impact on homes that
could be achieved through a wide range of policy interventions, developed in
partnership with GMCA. These are modelled first as standalone policies, then
in combination with several policies combined in ‘stacks’ to illustrate possible
future Pathways.

This project brings together a variety of modelling techniques examining the energy
performance of Greater Manchester’s housing stock. This section introduces each
part, further detail is available in the appendices.
Parity Projects analysed the energy-related characteristics and energy performance
of housing using its Pathways housing stock assessment service. Pathways uses open
energy performance data for every home in an area, supplemented by additional
geospatial data and intelligent cloning to fill gaps in that dataset. It models each
property using the RdSAP methodology, the national standard home energy
calculation methodology for existing buildings as used to produce Energy
Performance Certificates. Following the preparation of baseline data Pathways
assesses all relevant heating, renewable and fabric measures for each property that
are likely to affect its energy performance (typically 40-60 measures). These
measures are modelled individually and in combination to identify the least cost
route to the user-defined target.
Bays Consulting developed a series of mathematical models to predict the
prevalence of hazards in each home across Greater Manchester. These are based on
the wide range of information available on housing stock from the English Housing
Survey and housing stock reports from individual Greater Manchester local
authorities and are presented in Section 2.3.2.
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Energy Systems Catapult (ESC) undertook an analysis and simulation of energy
performance, energy consumption, and operational CO2 emissions of six housing
archetypes in Greater Manchester (Sections 2.2 and 3.8). Two decarbonisation
pathways were modelled for each of these six archetypes, with two household
heating profiles simulated for each decarbonisation pathway. The modelling was
undertaken using the Home Energy Dynamics toolkit (HED). HED is a detailed,
comprehensive dynamic toolkit developed within the “Integrated Electric Heat”
project7 as part of the ETI’s Smart Systems and Heat programme. It uses detailed
dynamic simulation to identify feasible combinations of improvements to building
fabric, heating system and control to meet emissions, comfort and running cost
requirements. The tool is used to simulate dwelling energy performance and
evaluate alternative heating systems, control systems and upgrade options to
improve energy efficiency and thermal comfort and reduce CO2 emissions. By taking
a whole-home approach, including the energy-related behaviour of occupants, HED
allows analysis of the impacts and interactions between all aspects of the home’s
energy use.

7

ESC, (2019). Pathways to Low Carbon Heating: Dynamic Modelling of Five UK Homes
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This section summarises the baseline performance of the current housing stock
across Greater Manchester. Section 2.1 provides a brief summary of the baseline
energy model of Greater Manchester Housing, noting that the key output of this
work has been a set of data files with individual home level data across the region.
More detailed summaries for each local authority area are presented at the end of
this report from page 78. This includes an assessment of the baseline performance
in terms of SAP, the current CO2 emissions and the projected CO2 emissions today
and in 2038 under a decarbonising electricity grid. A comparison of modelled energy
use with measured energy use in 2018 is also presented in 2.1.1.
Section 2.2 presents the base cases of the six archetype properties that were
modelled dynamically, including the impact of different occupancy profiles. This
finds that annual CO2 emissions vary between 1.9 to 5.0 tonnes per year for the
different archetypes and occupancy assumptions (Table 2-3). This analysis also finds
that all six archetypal homes are generally too cold for some points of the winter
months for all scenarios due to poor airtightness, poor fabric energy efficiency and
inefficient heating systems.
Section 2.3 outlines the results of a literature review and statistical analysis of HHSRS
risks around fuel poverty and energy inefficient housing. The literature review
concludes that the arguments for GMCA to take forward action to improve the
housing stock in the area are significant despite the investment necessary and the
prolonged time of operation required. Benefits of improving efficiency are wide
ranging, but the most significant is the health risk from excess cold. There were
2,220 excess winter deaths across Greater Manchester in 2017-18 and research
indicates that poor energy performance in homes could have contributed to a
quarter of these.
The statistical analysis supported these findings, identifying risks of extreme fuel
poverty across Greater Manchester. Bolton, Manchester, Oldham, Salford and
Tameside have high prevalence of multiple factors of fuel poverty (carbon
monoxide, fires, falls, un-combusted fuel gas and electrical hazards). When
considering damp and mould growth as well as excess cold, Bury and Stockport also
have multiple indicators of fuel poverty. Section 2.3.2 provides a summary of the
results of the analysis of HHSRS risks. As with the energy data modelling, the key
output of this work has been a set of data files with model results at individual home
level data.
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Parity Projects’ Pathways software assessed the energy performance of over 1.2
million residences in Greater Manchester. The distribution of SAP ratings is shown in
Figure 2-1. Most properties (54%) are in SAP band D with an average rating of 63.
Nearly 22,000 homes are in SAP bands F and G meaning they are likely to suffer
from Excess Cold. Figure 2-2 maps the average SAP rating for each lower super
output area (LSOA) across Greater Manchester.

Figure 2-1: Distribution of SAP rating of homes in Greater Manchester.

75
54

Figure 2-2: Map of average SAP rating by LSOA across Greater Manchester.
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2 tCO2e
10 tCO2e

Figure 2-3: Average annual CO2 emissions per home by LSOA across Greater
Manchester.

The average annual CO2 emissions per home across Greater Manchester in our
model was 3.6 tonnes, although this will vary widely according to size and heating
system. The highest density of carbon intensive homes are on the edges of the
region, as shown in Figure 2-3. Here homes are larger, more likely to be detached,
and oil or solid fuel fired heating is more common. The smaller homes and flats
which are more predominant in the more metropolitan areas tend to use less
energy and less CO2 intensive fuels.
A: Pre 1900
B: 1900-1929
C: 1930-1949
D: 1950-1966
E: 1967-1975
F: 1976-1982
G: 1983-1990
H: 1991-1995
I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

Figure 2-4: Distribution of property age in greater Manchester

The stock is dominated by pre-1970s properties, as shown in Figure 2-4, with semidetached or mid-terraced houses the norm.
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Figure 2-5: Distribution of property type across Greater Manchester Homes.

There are still many uninsulated cavity walls and roofs whereas most properties
have at least some double-glazing. However, for some homes work will have been
performed since the latest EPC was lodged, as they are valid for 10 years. This
means that the true performance may be better than our model suggests. The vast
majority of properties are currently heated from boilers powered by mains gas, as
shown by Figure 2-6.

Figure 2-6: Distribution of heating fuel for homes in Greater Manchester.

More detailed summaries of our address level energy performance data are given
for each local authority area in Greater Manchester at the end of this report, from
page 78. We have also produced a dataset of modelled energy characteristics and
performance at individual home level, which is available in a separate data file
provided with an explanatory note on the data.

With any modelling approach it is useful to be able to verify results against realworld data in order to test the assumptions of the model. The latest energy
consumption statistics show that the average annual energy consumption for a
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home in Greater Manchester was 15 MWh in 2018 with around a quarter of this
being met by electricity8.
This broadly agrees with our baseline assessment which estimates this value at 17
MWh, excluding energy demand from domestic appliances. This suggests that our
system, based on the RdSAP methodology, is predicting energy usage with fair
confidence. The slight overestimate of energy consumption for Greater Manchester
may result from the in-built assumptions about occupant behaviour or annual
weather: while bulk housing data is available there is no similar source for heating
usage, and SAP modelling assumes a ‘typical’ usage profile of morning and evening
heat demand with a higher demand at weekends and a ‘typical’ annual temperature
profile based on aggregated regional temperatures for several years up to 2012. The
small discrepancy may be linked to higher-than-average annual temperatures in
2018 or average heating usage slightly lower than assumed by SAP. It is also likely
that the energy performance of homes is marginally better than reported by EPC
data as EPCs are valid for ten years and the major Government programmes in this
period (CERT and ECO) have not required installers to lodge completed works on the
EPC Register.
Considering this, we conclude that the overall volumes of emissions, energy use and
fuel bill costs in this report are likely to reflect actual energy with a fair degree of
accuracy. We do not believe that the slight over-estimate will affect the conclusions
around CO2 emission reductions, as the scale of this challenge is far greater than any
modelling error.

Six archetype properties were identified for more detailed, dynamic modelling. The
process for selecting these properties is outlined in the appendices, published
separately. This section provides energy performance and comfort level in the base
case scenario for the six archetypes. Each archetype was built in HED and simulated
with two occupancy profiles representing highly comfort focused (“Toasty Cruiser”)
and highly cost focused (“Cool Conserver”). The simulation was performed using the
“typical mean” weather file for Greater Manchester. Table 2-1 provides a summary of

8

Sum of average electricity and gas consumption across the ten councils of Greater Manchester in 2018

from:
BEIS, (2019). Regional and local authority electricity consumption statistics
BEIS, (2019). Regional and local authority gas consumption statistics
Note that these values exclude other energy sources, e.g. LPG or oil.
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the archetypes and household profiles, while Section 0 provides a summary of their
current comfort, energy use and CO2 emissions.
Table 2-1: Summary of example property modelled for each archetype.

Reference

GMCA1

Floor
Archetype area (m2)

Detached
house,
1930-1949

Household profile

Indicative image of archetype

Family of four with
Toasty Cruiser
temperature setpoints
124

Family of two (retired
couple) with Cool
Conserver temperature
setpoints
One person over 60
with Toasty Cruiser
temperature setpoints

GMCA2

Flat,
1930-1949

49

One person over 60
with Cool Conserver
temperature setpoints

One person over 60
with Toasty Cruiser
temperature setpoints
GMCA3

Flat,
1976-1982

55
One person over 60
with Cool Conserver
temperature setpoints

GMCA4

Midterraced
house,
pre-1919

Family of four with
Toasty Cruiser
temperature setpoints
81

Family of two (retired
couple) with Cool
Conserver temperature
setpoints
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Reference

GMCA5

GMCA6

Floor
Archetype area (m2)

Semidetached
house,
1930-1949

Semidetached
house,
1996-2002

92

Household profile

Indicative image of archetype

Working couple with
children (family of four)
with Toasty Cruiser
temperature setpoints
Retired couple with
Cool Conserver
temperature setpoints

80

Working couple with
children (Family of
four) with Toasty
Cruiser temperature
setpoints
Couple under 60 (both
working) with Cool
Conserver temperature
setpoints

Table 2-2 provides a summary of space heating demand, total energy consumption
(including both gas and electricity consumptions) and the comfort metric (weighted
average fraction of time too cold, which means the percentage of time the room
temperatures are below the occupant’s desired/target temperature setpoints) in the
simulated archetypes with different occupancies based on their current
characteristics.
HED simulation of Base Case in different archetypes show the comfort is generally
poor in cold weather months regardless of occupancies due to poor airtightness,
poor fabric energy efficiency and old radiators. For example, in GMCA3 (1976-82
flat), the weighted average fraction of time too cold is about 16-18% in cold weather
in both occupancies with single zone control. In this flat, the small bedroom is
underheated for large portion of time. Moreover, it takes more than 60 minutes to
warm up the living room in cold weather conditions which is mainly due to poor
airtightness and old glazing. Likewise, in GMCA5 (1930-49 semi-detached) with a
family of four occupancy and Toasty Cruiser temperature setpoints, the weighted
average fraction of time too cold is about 5% in cold weather and the time spent
colder than desired temperature in the hall is about 32% and around 7% in the
kitchen. As the thermostat is in the hall, this could lead to overheating problem in
some rooms with single zone control.
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Table 2-2: Summary of energy use and comfort metric for the Base Case scenario.

GMCA1

Detached
1930-49

GMCA2

Flat
1930-49

GMCA3

Flat
1976-82

GMCA4

Floor
area
m2

Mid
terrace
pre-1919

81

GMCA5

House
type

Semidetached
1930-1949

92

GMCA6

Ref

Semidetached
1996-2002

80

124

49

55.4

Occupancy

Space
heating
kWh/m2/a

Energy
Consumption
kWh/m2/a

Annual Energy
Consumption
kWh/a

Family of four + TC

187 10

218

27071

14.1

Retired couple + CC

156 10

169

20959

11.7

223

321

15757

9.7

175

266

13019

21.7

128

211

11665

18.2

103

180

9990

16.7

Family of four + TC

107

182

14781

23.2

Retired couple + CC

108

160

12982

22.3

Family of four + TC

165

286

26312

5

Retired couple + CC

129

223

20505

10

Family of four + TC

125

194

15532

11

Working couple + CC

103

162

12919

8

One person over 60 +
TC
One person under 60
+CC
One person over 60 +
TC
One person over 60 +
CC

Time too
cold9
%

Table 2-3 shows a summary of current annual CO2 emissions and projected
cumulative CO2 emissions between now and 2038 for the simulated archetype for
the Base Case scenario (pre retrofit). Annual emissions calculated using half hourly
carbon intensity data from 2019 range from 1.9 to 5.0 tonnes per year across all the
scenarios. This aligns well with the average emissions per home of 3.6 tonnes per
year from the Pathways model presented in Section 2.1.

9

The fraction too cold is related to two-week simulation in the winter.

10

This only accounts for heated area in the house; garage and utility room are excluded.
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Table 2-3 Summary of CO2 emissions

GMCA1

55.4

GMCA2

49

Flat
1930-49

GMCA3

124

Detached
1930-49

Flat
1976-82

GMCA4

Floor
area
m2

Mid
terrace
Pre 1919

GMCA5

House
type

Semidetached
1930-1949

GMCA6

Ref

Semidetached
1996-2002

81

92

80

Annual CO2
emissions11
tonne/a

Projected Cumulative
emissions up to 203812
tonne

Family of four + TC

5.02

92.77

Retired couple + CC

3.88

72.01

One person over 60 + TC

2.9

53.91

One person under 60 +CC

2.42

44.37

One person over 60 + TC

2.18

39.35

One person over 60 + CC

1.87

33.52

Family of four + TC

2.75

50.27

Retired couple + CC

2.48

44.11

Family of four + TC

4.87

90.82

Retired couple + CC

3.8

70.12

Family of four + TC

2.88

55.94

Working couple + CC

2.36

44.3

Occupancy

This section provides an overview of two elements of this project delivered by ACE
Research and Bays Consulting. The first is a literature review, which considers the
costs and benefits of tackling broader housing decency standards, including energy
efficiency upgrades, alongside GMCA’s ambition to reach Net Zero. The second
element of this section focuses on Bays Consulting’s mathematical modelling to
predict the prevalence of hazards in each home across Greater Manchester, the
results of which are presented in Section 2.3.2.
We find that the health costs associated with poor energy performance of homes is
significant and results in significant costs to society. The most significant hazard is
Excess Cold, but there are wider implications on health and wellbeing. Statistics for
the 2017-18 winter highlight that there were 2,220 Excess Winter Deaths (EWD)s
across Greater Manchester and research suggests that poor energy performance in
homes could have played a role in around 555 of these deaths. The arguments for

11

Based on half hourly data from 2019 from National Grid ESO, Carbon Intensity API

12

Projected cumulative CO2 emissions between now and 2038 using grid average domestic electricity

emissions factor
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the GMCA and other local authorities to improve the housing stock in their areas are
significant, despite the high level of investment and long timescales required.

This section summarises the literature review conducted by ACE Research focussing
on the evidence available on the costs and benefits of addressing Category 1
Housing Health and Safety Rating System (HHSRS) hazards, including cost savings to
the National Health Service (NHS)13, and the cost of remedial action. This section also
sets the scene in terms of what HHSRS is and how it links to fuel poverty.
Research published by a range of stakeholders, including the Building Research
Establishment (BRE), The Journal of Public Health, Public Health England, UCL
Institute of Health and Equity and the Ministry of Housing, Communities and Local
Government (MHCLG), highlight that poor quality homes leads to a cost burden to
wider society.
For example, research from BRE14 in 2016 found that not improving poor housing
conditions cost the NHS £1.5bn per year, a figure that is comparable with the costs
of other major risk factors, such as alcohol consumption, obesity, smoking and lack
of physical activity, as shown in Table 2-4. Excess Cold, which is linked to poor energy
efficiency, is the second most prevalent hazard across England.
Table 2-4: Comparison of the cost of poor housing with other health risk factors.

Risk factor

Total cost burden to
the NHS (£billions)

Overweight and obesity

5.1-5.2

Alcohol intake

3.2-3.2

Smoking

2.3-3.3

Poor housing

1.4-2.0

Physical inactivity

0.9-1.0

In addition to increased costs for the NHS, poor energy efficiency in homes can (in
extreme cases) result in Excess Winter Deaths (EWDs). It has been estimated that
25% of EWDs are linked to cold housing conditions15. Statistics for Greater
Manchester for the 2017-18 winter highlight that there were 2,220 EWDs across the
Greater Manchester area, which suggests that poor energy performance in homes
played a role in 555 deaths.

13

Please note that BEIS has been conducting research to update the costs of fuel poverty to the NHS. This

work was commenced in 2019, but understandably paused due to the pandemic.
14

BRE Trust (2016) The full cost of poor housing.

15

Guertler, P. & Smith, P. (2018) Cold homes and excess winter deaths: A preventable public health

epidemic that can no longer be tolerated.
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Much of the literature focuses on national data and statistics, however there are
several sources specific to the North West and Greater Manchester, although they
do not focus on Excess Cold and instead focus on broader housing standards.
A study by the Smith Institute and Northern Housing Consortium 16 details the costs
and investment value of retrofitting homes and addressing poor housing in the
North of England. If housing conditions remain unchanged then the impact of poor
housing will still increase, as an aging population sees vulnerability increasing. The
arguments for the GMCA and other local authorities to improve the housing stock in
their areas are significant, despite the high level of investment and long timescales
required.
2.3.1.1

HHSRS
HHSRS is a risk assessment tool used in domestic properties. It was introduced as
part of the Housing Act 200417, coming into force in 2006 in England and Wales and
is currently undergoing a review18.
HHSRS replaced the Housing Fitness Standard, which had been in place since 1985,
and has a flexible enforcement framework enabling authorities to act against a
range of housing conditions, from very severe to more minor hazards.
When a property is assessed under HHSRS, it is given a score that indicates the
number and degree of hazards present. This score puts the property into a band,
ranging from A (scores of 5,000 or more), which is the most dangerous and life
threatening, down to J (scores of nine or less), the least.
Part 1 of the Act imposes a duty on local authorities to take appropriate action in
relation to hazards falling in bands A – C, that is hazards with scores of 1,000 or over,
otherwise known as Category 1 hazards. Although not under a duty to do so, they
are also able to act in relation to other hazards, those in bands D – J, scoring 999 or
less, known as Category 2 hazards.
Overall, there are 29 hazards assessed under HHSRS 19. These are arranged in four
main groups reflecting the basic health requirements (Physiological, Psychological,
Protection against infection and protection against accidents).

16

Smith Institute, Northern Housing Consortium (2018) The Hidden Costs of Poor Housing in the North.

17

Housing Act 2004 (part 1)

18

MHCLG (2019) Housing Health and Safety Rating System: outcomes of the scoping review

19

ODPM, 2004, Housing Health and Safety Rating System Operating Guidance
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Each hazard has its own Vulnerable Group. This is defined as the “range of people for
whom the risk arising from a hazard is greater than for any other age group in the
population. Where there is no vulnerable group for a specific hazard, the population is
taken as a whole. Vulnerability to particular hazards is restricted to age groups. It does
not extend to vulnerability for other reasons”.
2.3.1.2

Fuel Poverty
Fuel poverty continues to be a major problem in England, with over 2.4 million
households estimated to be in fuel poverty20. Fuel poverty can be caused by several
factors:
•

Low household income;

•

High energy prices; and

•

Poor energy performance of a home.

Fuel poverty can lead to a range of health issues. Public Health England highlights
that: “cold weather experienced in the winter months can affect or exacerbate a range of
health problems, including respiratory and circulatory conditions, cardiovascular disease,
mental health and accidental injury. In some circumstances, health problems may be
exacerbated to a degree that they may cause death”.21
Taking action to end fuel poverty in a local area include can lead to a number of
benefits22:
•

Reductions in household bills and energy arrears, which can improve mental
health for occupants as well as increasing spending within poorer
communities.

•

Improved living conditions.

•

Significant positive direct impacts on public health and fewer premature
winter deaths.

•

A boost to local employment from a more buoyant energy efficiency industry,
which can create demand for local low and medium skilled labour.

•

Improved local air quality.

There has been a range of national and local policies and programmes to tackle fuel
poverty over the past decade. However National Energy Action (NEA) estimate that
at the current rate of progress, there will still be people suffering from fuel poverty
in 60 years’ time.22

20

BEIS, 2020. Annual Fuel Poverty Statistics England 2020 (2018 data)

21

Public Health England, 2014. Local action on health inequalities: Fuel poverty and cold home-related

health problems.
22

National Energy Action, 2018. Fuel poverty and health.
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To progress on fuel poverty and climate change mitigation targets, as well as other
wider societal, economic and environmental goals, there needs to be a step change
in activity through improving the energy performance of properties.
2.3.1.3

HHSRS and fuel poverty
Those hazards that directly relate to fuel poverty fall in the category of ‘Physiological
requirements’, namely Damp and Mould Growth (hazard 1) and Excess Cold (hazard
2). For Excess Cold the Vulnerable group is defined as those aged 65 and over; for
Damp and Mould Growth it is for those aged 14 and under. Of these two hazards,
the system rates Excess Cold as far a more significant threat to health and safety
than Damp and Mould Growth.
Other HHSRS hazards could also indicate that a householder may be in fuel poverty,
including:

2.3.1.4

•

Excess heat: likely to be linked to inadequate insulation.

•

Carbon monoxide: linked to poor heating systems.

•

Fires: linked to fuel burning appliances (particularly portable heaters).

•

Falls: linked to portable appliances or cold-induced mobility impairments.

•

Un-combusted fuel gas from faulty appliances.

•

Electrical hazards from faulty appliance wiring (including electric heaters).

The full cost of poor housing
A 2016 report from BRE highlighted that not improving poor housing costs the
National Health Service (NHS) almost £1.5bn annually,23 noting that this is
comparable with the costs arising from alcohol consumption, obesity, smoking or
lack of physical activity. This research also puts the cost to wider society at circa
£20bn. The research covers 24 out of the 29 HHSRS hazards that have a direct
impact on health and wellbeing and that pose a direct burden onto the NHS. 24
The report details the top 5 Category 1 hazards that represent the greatest cost to
the NHS because of their recurrence and the treatment required to mitigate them.
These top 5 hazards, which make up 70% of the costs to the NHS, are represented in
groups such as household accidents (e.g. falls associated with stairs and steps, on
the level, between levels) and living in a cold home (e.g. Excess Cold). (The remaining
30% of costs to the NHS are from less frequent Category 1 hazards).
Table 2-5 shows that while only one of the top five Category 1 hazards are directly
related to fuel poverty, Excess Cold is far more costly to the NHS than any other

23

BRE Trust, 2016. The full cost of poor housing.

24

The 5 remaining required more intrusive measures of assessment than what BRE could undertake.
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hazard. Addressing cold homes will reduce fuel poverty and result in significant cost
savings for the NHS.
Table 2-5: Cost to the NHS from the top 5 Category 1 HHSRS hazards.

Category 1 Hazard

Hazard
frequency

Cost to the
NHS (in
millions £)

Linked to fuel
poverty

Falls associated with
stairs and steps

1,352,837

1,160

Potentially

Excess cold

1,325,088

6,061

Yes

Falls on the level

543,848

424

Potentially

Falls between levels

239,900

222

Potentially

Fire

128,590

467

No

Figure 2-7: Frequency of hazards in English housing. Excess cold is the second most
frequent hazard. Other less frequent hazards are also improved by energy efficiency
retrofit, such as electrical hazards, un-combusted fuel gas, lighting and excess heat.

BRE assessed that: “Some 3.4 million (15%) of England’s 22 million homes were
identified as having a HHSRS Category 1 hazard and thus by our definition were deemed
to be ‘poor housing’. Nearly 40% of these homes were considered to be poor because of
the exposure of the household to a Category 1 risk from falls associated with stairs and
steps and a further 40% from excess cold”. They reported that the prevalence of both
of these hazards is overwhelmingly higher than other HHSRS hazards across
housing, as shown in Figure 2-7.
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The costs associated with these hazards can be assessed in terms of the average
cost of repair per dwelling, including a total cost of repair for all the dwellings
associated with the specific hazard and how much we can expect society and the
NHS to save by repairing the dwelling. These costs are outlined in Table 2-6.
Table 2-6: Total cost of society of HHSRS Category 1 hazards.

Hazard
Excess Cold
Falls associated with stairs and steps

Number of
Category 1
hazards
(k)

Average
cost per
dwelling
(£)

Total
cost to
repair
(£M)

Saving to
society if
mitigated
(£M/a)
15,107
1,652

Fraction of
cost borne
by the NHS
(%)

1,325
1,353

4,574
857

6,061
1,160

6
13

Falls on the level

544

780

424

316

40

Falls between levels

240

927

222

464

18

Fire

129

3,632

467

399

6

Collision and entrapment

74

692

51

103

15

Falls associated with baths etc

78

521

41

175

9

Damp and mould growth

53

7,382

394

39

40

Hot surfaces and materials

107

2,436

261

72

21

Lead

112

1,661

186

34

41

Entry by intruders

47

1,063

50

33

40

Radon (radiation)

108

1,126

121

165

5

Personal hygiene, sanitation and
drainage
Food safety

35

1,154

40

11

38

32

2,461

79

9.9

38

Domestic hygiene, pests and refuse

28

1,921

54

6.7

51

Crowding and space

24

16,100

384

Noise

6.2

Carbon monoxide and fuel
combustion products
Structural collapse and failing
elements
Electrical hazards

37

8.7

4.3

41

15

506

7.8

3.5

42

15

812

13
22

14

9.2

2,360

Position and operability of amenities
Un-combusted fuel gas

8.2
7.5

483
489

Lighting

5.5

1,947

Water supply for domestic purposes

4.9

1,202

5.9

Excess heat

1.4

470

Explosions

-

-

3,473

2,875

Any of the above *

6

1,411

9

5.7

22

2.5
6.9

39
10

3.0

21

1.5

41

0.6

2.2

6

-

-

-

4.0
3.7
10

10,073

18,668

8

Bold lines are hazards where the potential societal savings outweigh the cost of repair.
* Individual items do not sum to the total because some dwellings have more than one hazard.
To understand the viability and opportunity of return of investment (ROI) versus the
annual costs associated with maintaining business as usual and leaving the housing
stock unimproved. BRE used data from the NHS which shows the number of
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illnesses treated that derive from poor housing and compared it to the cost of
treating such illnesses on a yearly basis. BRE concludes a total cost of “£1,400 million
per year if the homes are left unimproved, with £1,300 million relating to the top five
hazards.”
BRE also details other ways in which society is affected by inaction on poor housing,
such as costs of insurance premiums, maintenance costs, policing, fire service,
paramedic costs but also costs of environmental health enforcement activity by local
authorities. The study reinforces the argument of the increased financial burden on
councils, noting that “The average cost per case for enforcement on poor housing is
£2,000. If enforcement notices are challenged, there will be additional costs in the
form of legal fees”. Some of these costs are summarised in Table 2-7.
Table 2-7: Estimated direct costs of inaction (2011).

Additional cost category
Higher energy costs

Annual
direct cost
(£M)

Confidence

1,300

Good

Higher insurance premiums
Higher maintenance costs
Higher policing costs

340
320
360

Fair
Fair
Poor

Higher fire service costs
Higher paramedic costs
Cost of enforcement activity
by local authorities
Additional cost pressure on
housing services
Pressure on charities

100
100
225

Fair
Far
Fair

225

Very poor

30

Poor

Evidence
EHS predicted (not actual energy
costs)
Assumes cost x 2 for poor homes
EHS backlog spread over 5 years
EHS Category 1 hazards in run
down areas
EHS risk + callout costs
EHS risk + callout costs
Assumes that all enforcement is
dwelling related
Costs impossible to disaggregate
Assumes that a proportion of
running costs is dwelling related

If poor housing is left unimproved, the costs will continue to drain resources from
local government and the NHS, and further exacerbate the suffering of vulnerable
people. Referencing research from the Smith Institute 25, the report notes that “just
over a third of all non-decent homes in the North have someone aged 60 or over. Of
the total (493,000) nearly 60% are in the North West, which has the highest levels of
older people in non-decent housing in England (95,000 more than in London)”. This
emphasises that while housing stock and retrofitting is of national importance,
specific demographics (particularly in the north) raise the level of priority to retrofit
and repair poor homes as they are the most vulnerable to cold related illnesses,
specifically from Category 1 hazards such as Excess Cold.

25

Smith Institute, Northern Housing Consortium, 2019. The hidden costs of poor housing in the north.
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These costs of inaction must be compared with the costs of mitigating the hazards
through improving homes. The BRE report outlined the associated costs relating to
improving individual properties to a decent standard and eliminate exposure to
Category 1 risks. The assessment of repair and retrofit costs can be found in Figure
2-8, which represents the cost of remedial action per home by looking at total
percentages. In many cases the costs of remedial work are not that high – with
around 40% of all Category 1 hazards being made acceptable for a cost of less than
£600. The average cost of making Category 1 hazards acceptable is £2,875.

Figure 2-8: Distribution of costs for remedial action on HHSRS Category 1 hazards.

Figure 2-9: The cost of dealing with HHSRS Category 1 hazards.
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Figure 2-9 shows a breakdown of the costs of remedial action associated with the
hazards which are most prominent. The costs are dominated by those for making
cold homes more comfortable, such as updating heating systems and providing
insulation. By investing an average of £2,875 per home on repairs and retrofits, this
could save the NHS £1.4 billion annually. Retrofitting homes to deal with Excess Cold
in England would cost around £6 billion out of the almost £10 billion that would take
to retrofit all the housing stock against every detected Category 1 hazard.
2.3.1.5

Cold Homes and Excess Winter Deaths
“There were an estimated 23,200 excess winter deaths which occurred in England and
Wales in the 2018 to 2019 winter. (…) Respiratory diseases continued to be the leading
cause of excess winter deaths which occurred in 2018 to 2019. This was substantially
lower than the 49,410 EWD observed in the 2017 to 2018 winter ”26.
Office for National Statistics (ONS) data from 2017-2018 show that the North West
region had the second highest number of Excess Winter Deaths (EWD) in the country
after the South East, with 6,690 deaths (14.5% of EWDs in England and Wales) 27.
These data are presented for the individual local authority areas within Greater
Manchester in Table 2-8. There were 2,220 EWDs in the winter of 2017-2018, which
represents 33.2% of the EWDs in the North West and 4.8% of England’s EWDs for
that year28.
Table 2-8: Excess Winter Deaths in Greater Manchester councils (2017/18).

26

Area

Excess winter
deaths 2017/18

Manchester

280

Wigan

280

Bolton

250

Stockport

230

Tameside

230

Oldham

200

Rochdale

200

Salford

200

Bury

190

Trafford

160

Office for National Statistics, 2019. Excess winter mortality in England and Wales: 2018 to 2019

(provisional) and 2017 to 2018 (final).
27

Office for National Statistics, 2019. Excess winter mortality in England and Wales: 2018 to 2019

(provisional) and 2017 to 2018 (final).
28

Local Government Association, 2019. LG Inform using data from ONS.
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NEA, in collaboration with E3G, published a briefing paper in 2018 on addressing cold
homes and EWDs in more detail29. This research highlights that at least 25% of EWDs
are related to living in a cold home, labelling such Excess Cold deaths as an ‘epidemic’.
The research considered the average UK EWD figures from previous years - 32,000
EWDs - and considered that of these, 9,700 deaths were attributable to the avoidable
circumstances of living in a cold home. This figure is roughly the same as the number
of people who die from breast or prostate cancer each year.
The majority of these deaths, 6,900, are linked to the coldest 25% of homes in the
UK, where vulnerable occupants – typically elderly people with existing health
conditions – succumb to ill-health including cardiovascular and respiratory diseases
and fatal trip and falls. This figure is also comparable to the number of people who
die each year from alcohol-related causes or high blood pressure.
Unless action is taken to improve the energy performance standards of properties,
the health impacts of fuel poverty, including EWDs will continue. The research notes
how “nearly 1m owner-occupied homes in the North now fail to meet the decent homes
standard, in addition to 354,000 private rented homes”30 with more concentrated
pockets of pre-war, low value properties in the north compared to the rest of
England31. In addition, while areas of the north may have excess (housing) supply,
Greater Manchester does have housing shortages 32. These shortages may ultimately
force people to live in poor housing by not having a safer alternative.
2.3.1.6

Other research reviewed
The Energy Saving Trust and BRE Trust33 outlined how basic insulation measures, full
loft and cavity wall insulation and changing to modern condensing boilers can
reduce risks of being exposed to Category 1 hazards such as excess cold, carbon
monoxide and fuel combustion related accidents and electrical hazards. The report
notes that “for more modern F&G banded homes (particularly those built in the mid-20th
century) basic insulation measures are key to moving into the E band - full loft and cavity
wall insulation cost less than £1,000; Many homes are in the F&G banding because they
have an old, inefficient central heating boiler. Changing to a modern condensing boiler
usually costs less than £3,000”. However, while we promote heating measures, we
consider that specified heating should be of a low carbon nature.

29

Guertler, P. & Smith, P., 2018. Cold homes and excess winter deaths: A preventable public health

epidemic that can no longer be tolerated.
30
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When looking at the entire bulk of poor housing stock and what it would cost to
repair it to a decent standard versus what it would save the NHS per annum,
including the time it would take for the return on investment, BRE states that the 3.5
million homes showing Category 1 hazards would require a total investment of
£10bn which would save the NHS almost £1.5bn a year, meaning that in 7.13 years
there would be a return on investment.
Another study from 2018 by the Smith Institute and Northern Housing Consortium34
details the costs and investment value of retrofitting homes and addressing poor
housing in the North of England. The effects of poor housing in the North of England
on the most vulnerable, and more specifically the residents over 65 (the age group
defined as vulnerable to Excess Cold), increase if housing remains unsuitable given
the ageing population is on the rise and this trend threatens the North:
“Housing markets are being shaped by the North’s ageing population, which is
significantly poorer and relatively less healthy than in the South. The number of over 65s
in the North is projected to increase rapidly and will account for over 25% of all
households in most areas by 2036. The fastest growth is among the over 75s and 85s who
are at the highest risk of housing related illnesses”.
The arguments for GMCA to take forward action to improve the housing stock in the
area are significant despite the investment necessary and the prolonged time of
operation required.
An estimate of costs in the north was listed at “£7.8 billion to make all owner-occupied
homes decent in the North – more than double the cost of making all social housing and
the PRS decent. Indeed, bringing all owner occupiers’ homes up to the decent homes
standards would account for 75% of the cost of making all homes in the North decent – a
higher proportion than for other regions”.
Moreover, "the cost of making all owner occupier homes decent in the North is 38% of
the total cost of making all owner occupier homes in England decent. The percentage of
the bill within each region is well above the national average, especially in the North
West”.
This would ultimately mean that while BRE estimated £10billion to eliminate all
Category 1 hazards in England, we would need more than double that figure to
eliminate all hazards.

34

Smith Institute, Northern Housing Consortium, 2018. The Hidden Costs of Poor Housing in the North.
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Northern Housing Consortium research also details that “the biggest and more urgent
challenge lies less with social housing and more with improving the condition of private
housing, especially the homes of older owner occupiers. The North currently has 1 million
non-decent owner-occupied homes and 354,000 non-decent private rented homes. It
would need a ten year plus programme equivalent in scale and resources to the national
Decent Homes programme to significantly reduce it”.
Also working in tandem with the cost benefit analysis of housing stock upgrades, is
the ethical impetus that should drive local authorities to act. “The impact of poor
housing on residents’ health, such as the development of respiratory and circulatory
diseases, set against the treatment costs, if the causes of the ill health are not dealt with,
are significant. The relatively small cost of fitting a handrail on the steps of a vulnerable
person’s home to prevent a fall will be far more cost-effective than treating the
subsequent fall injury. This is not simply about monetary gain; it is about a respect for
people in aid of assistance and support, demonstrated through the prevention of illness
and injury”.
Further studies such as ‘Housing improvements for health and associated socioeconomic outcomes’ by Thomson et al.35 indicate the measurable health benefits
deriving from retrofits:
“Housing investment which improves thermal comfort in the home can lead to health
improvements, especially where the improvements are targeted at those with inadequate
warmth and those with chronic respiratory disease. The health impacts of programmes
which deliver improvements across areas and do not target according to levels of
individual need were less clear but reported impacts at an area level may conceal health
improvements for those with the greatest potential to benefit. Best available evidence
indicates that housing which is an appropriate size for the householders and is
affordable to heat is linked to improved health and may promote improved social
relationships within and beyond the household. In addition, there is some suggestion that
provision of adequate, affordable warmth may reduce absences from school or work.”
There is also national evidence that calls for energy efficiency retrofits to solve
health and safety breaches, that detail the socio-economic ramifications. A report by
Verco and Cambridge Econometrics 36 suggests that “sustained increase in energy
efficiency could create 20,000 additional jobs in the North”. Furthermore, studies by
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the Energy Efficiency Industry Forum (EEIF) 37 support that for the equivalent of 1
million euros, 19 new jobs are created in the energy efficiency sector. Cambridge
Econometrics38 found that EU countries investing in energy efficiency jobs were
raising their GDP between 0.3% to 1.3% as a result.

A series of statistical models were developed to predict the prevalence of HHSRS
hazards within homes for each local authority area within GMCA. These models
were developed drawing upon a range of data sources including open-source sociodemographic statistics; local housing stock surveys and proprietary data sets.
Models were developed using GMCA data where possible, supplemented by data
from the English Housing survey as needed. Due to lack of data, it was not possible
to predict the presence of two less frequent hazards (un-combusted fuel and light).
The models predicted had the highest validity for: intruders; household accidents
(falling on the level, falling between levels and falling on stairs); excess cold and fire.
The combination of household accidents strongly link to household fuel poverty as
well as contributing to the majority of retrofit costs and overall cost to the NHS.
Although each local authority has its own unique challenges, for example with
Salford and Manchester having high predicted levels of the hazard Carbon
Monoxide, there are commonalities across the whole data set. Overall, each of the
local authority areas within GMCA showed multiple indicators of fuel poverty with
excess cold being the most common hazard.
2.3.2.1

Overview of approach
To create a holistic approach to the prediction of Hazard prevalence, it was
important to draw upon the breadth and depth of information available. As such,
model development utilised a wide range of information on housing stock including:
Local Authority Housing Condition Survey Reports; generalised English Housing
Survey data; open source socio-economic statistics and proprietary data provided by
Parity Projects (which included but was not limited to factors such as property type,
aspect of the property, and tenure).
Model development was achieved in a three-tier approach:

37
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1.

Wherever possible, statistical analysis was undertaken based upon data
provided by the local authorities of GMCA.

2.

For those hazards which occurred only rarely or never within the GMCA
provided data set, base and conditional prevalence of the hazard was taken
from the English Housing Survey providing a generalised model.

3. Location based hazards:
i. The hazard of road and rail noise was developed using a combination of
data sources including location specific data from Defra.
ii. Pollution related hazards such as Nitrogen dioxide a manual score was
provided using location specific data available from the Defra website.
iii. The presence of Radon was determined using Public Health England
maps
Using this approach, it was still not possible to develop predictive models for every
hazard. No predictions have been made for excess heat or un-combusted fuel gas.
A statistical predictive model was built for the following hazards:
• Carbon Monoxide

• Falling (all definitions)

• Collision and Entrapment

• Fire

• Crowding and Space

• Flames and hot surfaces

• Damp and Mould Growth

• Food Safety

• Domestic Hygiene Pets and

• Personal Hygiene

Refuse
• Electrical hazards
• Entry by Intruders
• Excess Cold

• Sanitation and Drainage
• Structural Collapse and falling
elements.
• Water Supply

Each model was developed using the most appropriate statistical technique – not
one model was applicable to all. As such, the final models used to predict the
hazards include traditional statistical models alongside machine learning
approaches.
When developing each model, a decision has to be made on an acceptable true
positive rate and a false positive rate. The true positive rate is also known as the
sensitivity. A high sensitivity enables hazards that are there to be detected. A false
positive rate is a hazard that is detected which doesn’t actually exist. Understanding
the balance between the model predictions of true positive and false positives is
based upon a decision about what has most impact missing hazards which exist or
predicting hazards which don’t exist.
For each hazard model, Receiver Operating Characteristic (ROC) curves were plotted
to investigate the connection / trade-off between the sensitivity and specificity. For
each iteration of the model, the ROC curve was assessed to ensure a suitable level of
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sensitivity / specificity was maintained. These are shown, along with more detail on
the modelling methods, in the appendices published alongside this document.
2.3.2.2

Predicted Results
Looking across the local authorities for GMCA, the models with the most inherent
validity were:
•
•
•

Entry by intruder
Excess cold
Falling between levels

•
•
•

Falling on level surfaces
Falling on stairs
Flames / Hot surface

Table 2-9: Predicted prevalence of
hazards within each of GMCA’s local
authority areas.

The predicted prevalence of these
hazard as a percentage of
properties within each local
authority area across GMCA is
shown in

Table 2-9. Overall, it can be seen that the most prevalent hazard across all local
authority areas is excess cold which is particularly high in Manchester and Salford.
This result aligns well with the literature review, which identified excess cold as the
second most prevalent hazard across England and a contributing factor to 25% of
excess winter deaths.
Table 2-10: Predicted prevalence of all hazards within GMCA local authority areas.
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The predicted prevalence of all hazards in each local authority area is shown in Table
2-10. It can be seen that many of the local authority areas have a high predicted
prevalence of multiple indicators of fuel poverty (carbon monoxide, fires, falls, uncombusted fuel gas and electrical hazards). These factors are particularly prevalent
in Bolton, Manchester, Oldham, Salford and Tameside.
However, whilst excess cold is a more significant threat to health than damp and
mould growth, both are indicative of fuel poverty (the hazards affect different
vulnerable groups: excess cold those over 65, damp and mould growth those under
14). With this in mind, it can be seen from Table 220 that both Bury and Stockport
have higher predicted levels of damp and mould growth than excess cold, as well as
the additional indicators of a household being in fuel poverty.
Less frequently occurring hazards linked to energy efficiency retrofit include
electrical hazards, un-combusted fuel gas, lighting and excess heat. Of these it was
only possible to predict electrical hazards which were most prevalent in Rochdale
and Bolton.
Considering the costs associated relating to bringing homes to a standard where
category 1 risks are eliminated is dependent upon both the number and type of
hazards present within the home. Figure 2-10 shows the proportion of homes by
number of hazards present. Stockport and Trafford have the highest proportion of
homes with two or three predicted hazards. For both of these local authority areas
the most common hazards were: carbon monoxide; damp and mould growth and
excess cold. As previously noted, the costs of remedial action in retrofitting is
dominated by making cold homes comfortable.

Figure 2-10: Proportions of homes within each local authority area by predicted number
of hazards
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Figure 2-11: Proportions of homes within each local authority area by predicted number
of the “high quality” hazards.

Manchester has the lowest proportion of homes with few predicted hazards, but has
the highest rate of homes with 6 or more predicted hazards within a home. It is
postulated that this could be due to the combination of housing stock seen within
Manchester and indicates there are pockets which could benefit from targeted
interventions, such as area-based schemes to tackle fuel poverty.
Considering only the hazards that were predicted with high validity (entry by
intruder, excess cold, falling between levels, falling on level surfaces, falling on stairs,
flames / hot surface) Figure 2-11 shows the percentage of homes in the local
authority areas with two or more of these hazards. The results show that homes in
Manchester and Salford have the highest proportions of homes predicted to have 3
or more of these hazards. Salford is also predicted to have the highest proportion of
homes with 5 or 6 (all) of them.
Overall, the results of the analysis show the variation in housing stock across each of
the local authority areas. Whilst there are some inherent variations, such as
particularly high predicted levels of Carbon Monoxide hazard in Salford and
Manchester, or noise in Salford there were also commonalities. The multiple
predictors of fuel poverty were highly prevalent in most of the local authority areas.
The combination of excess cold and household accidents (falling), which contribute
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most of the cost of the NHS and the majority of retrofit costs, were seen in all local
authority areas and together were the main hazards seen within the data set and
predictions.

This section has introduced the state of housing in Greater Manchester and the
impact that poor housing has on emissions, health and poverty. Like much of the
UK, Greater Manchester has a varied housing stock with the bulk of energy sourced
from fossil fuels via natural gas boilers and many homes with poor performing
insulation and heating systems. Average CO2 emissions are 3.6 tonnes per year,
which is not compatible with a Net Zero target. The Base Line dynamic models show
similar CO2 emission values ranging from 1.9 to 5.0 tonnes per year. These also
indicate that the comfort is generally poor in the winter months due to poor
airtightness, poor fabric energy efficiency and old radiators.
The literature review has highlighted that poor quality homes leads to a cost burden
to wider society beyond CO2 emissions. Research from BRE found that not improving
poor housing conditions costs the NHS £1.5bn per year, while statistics for the 201718 winter highlight that there were 2,220 EWDs across Greater Manchester.
Research suggests that poor energy performance in homes causes 25% of EWDs39,
indicating that it could have played a direct role in 555 of 2017-18 EWDs across
Greater Manchester.
Excess Cold is the most significant hazard resulting from poor energy performance
and is the second most prevalent hazard across England, but there are many other
associated hazards, such as damp and mould, carbon monoxide, fires, as well as
wider societal costs. These must be balanced with the cost of remedial action
through retrofit. By investing an average of £2,875 per home on repairs and
retrofits, this could save the NHS £1.4 billion annually at a national level.
If poor housing is left unimproved, the costs will continue to drain resources from
local government and the NHS, and further exacerbate the suffering of vulnerable
people. Local authorities across GMCA could benefit from targeting interventions to
mitigate Excess Cold hazards through area-based schemes, tackling both fuel
poverty, decarbonisation of the housing stock and mitigating a wider range of other
hazards.
The combination of just the most valid hazards modelled in the statistical analysis
are indicative of fuel poverty across most of Greater Manchester. In particular,
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Bolton, Manchester, Oldham, Salford and Tameside have high prevalence of multiple
factors of fuel poverty (carbon monoxide, fires, falls, un-combusted fuel gas and
electrical hazards). When considering damp and mould growth as well as excess
cold, Bury and Stockport also have multiple indicators of fuel poverty. Stockport and
Trafford have the highest proportion of homes with two or three predicted hazards.
The most common hazards in both of these local authorities were: carbon
monoxide; damp and mould growth and excess cold. Manchester has the lowest
proportion of homes with few predicted hazards, but has the highest rate of homes
with 6 or more predicted hazards within a home, which could indicate a diverse
housing stock with pockets which could benefit from targeted interventions, such as
area-based schemes to tackle fuel poverty.
Whilst there are some inherent variations across Greater Manchester, such as
particularly high predicted levels of Carbon Monoxide hazard in Salford and
Manchester, or noise in Salford, there were also commonalities. The multiple
predictors of fuel poverty were highly prevalent in most of local authority areas. The
combination of excess cold and household accidents (falling), which contribute most
of the cost of the NHS and the majority of retrofit costs, were seen in all local
authority areas and together were the main hazards seen within the dataset and
predictions.
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In this section we examine what is required of homes in Greater Manchester to
achieve healthy, Net Zero housing in 2038. We do this through modelling possible
‘destination’ scenarios to see the impact on CO2 of different interventions. These
destination scenarios look at what happens if we upgrade all properties in a given
way to help us understand what GMCA should aim for. The actual effect of a
particular policy intervention is likely to be more complicated (see Section 4). These
scenarios will have a range of implications beyond CO2 reduction, and we explore
these by reviewing literature from researchers and key stakeholders.
Each destination scenario aims to minimise the CO2 emissions of each home in
Greater Manchester, using 2038 carbon factors. The scenarios differ in the measures
that can be used to achieve that aim. The set of scenarios are described in more
detail in Section 3.2 with a description of how we defined certain measures as costeffective in Section 3.2.1. It is important to note that these scenarios are purely
indicative and are not necessarily realistic. For example, the “Heat Pumps” scenario,
in which heat pumps are installed into every home with no improvements to fabric is
not feasible or desirable in terms of the impacts on energy demand and household
bills.

Figure 3-1: Average annual CO2 emissions for all destination scenarios. Percentage
saved is compared to the “do-nothing” scenario, today’s housing with 2038 carbon
factors.
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Figure 3-1 shows average annual CO2 emissions for a Greater Manchester home in
2038 for the range of destination scenarios. Scenarios are grouped into four
categories: the three orange bars are baselines, as described in section 3.1; the next
six blue bars allow fabric and gas upgrades, but do not include heat pumps; while
the next four green bars include heat pumps, and exclude all fossil fuel measures;
finally, there is a standalone yellow bar for solar PV. The four other scenarios that
include PV are marked with yellow dots. The grey bars show the percentage
reduction in emissions compared to the “do-nothing” scenario. This uses the housing
stock as it is today, but with electricity grid carbon factors for 2038 emissions. The
predicted decarbonisation of the electricity grid in itself results in a saving of 7.6%
compared to today, as marked in red.
These results demonstrate that if fossil gas boilers are not replaced (blue bars) then
emissions reductions are limited to around 50% of today’s level. To reach these
levels still requires a significant level of investment, £16,000 per home for the 53%
savings of the gas + fabric scenario, where all fabric measures are considered.
Reductions greater than 90% are achievable when fossil gas heating systems are
replaced with ASHPs (green bars). It is worth noting that the 95% emissions savings
achieved from the heat pumps + cost effective fabric scenario requires an average
investment of £10,100 per home. Fossil gas boilers are incompatible with a Net Zero
target, as outlined more fully in section 3.3.
It is clear from Figure 3-1 that to achieve significant emissions reductions homes
must be converted to a low carbon heat source. In our scenarios we use heat
pumps, as this is currently the best option available at scale, but other technologies
may also be useful. We explore the options in section 3.4 and conclude that
dramatically increasing the rollout of heat pumps over the next five years is vital for
meeting a 2038 Net Zero target whether domestic heating through hydrogen
becomes widespread or not. Low carbon heat networks should also be pursued
where opportunities exist (section 3.4.4), but other technologies are unlikely to be of
strategic importance (section 3.4.1). Investment in heat pumps and heat networks
today will not jeopardise the case for hydrogen heating later, as even the most
hydrogen focussed scenarios for a future energy system still rely on a large increase
of these technologies (Section 3.4.2).
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Figure 3-2: Average heat energy demand per floor area under three destination
scenarios that deploy heat pumps.

A surprising result of these scenarios is the small difference to emissions offered by
fabric for the scenarios which include heat pumps. This is because the carbon
intensity of heat energy generated by a heat pump in 2038 will be very low. Even
excluding the efficiency gains of a heat pump, mains gas produces more than five
times the amount of CO2 than projected 2038 electricity to produce the same
amount of heat energy (see Carbon Factors box, Section 3.1). This means that a
fabric measure saving one unit of energy in a home with a heat pump results in a
carbon saving more than five times less than it would in a mains gas heated home.
This does not mean that fabric measures are unnecessary for reaching Net Zero, as
they are needed to lower a home’s energy demand, as shown in Figure 3-2. Without
fabric measures widespread heat pumps will be untenable for the electricity grid, as
well as householders’ health, comfort and bills. Deciding the optimal extent of fabric
measures is therefore related to these issues, rather than CO 2. This question is
discussed in more detail in section 3.5.
The decarbonising of the electricity grid also has implications for the value of
photovoltaic solar panels (PV). Rooftop PV results in emissions savings when the
energy it supplies reduces demand from higher carbon sources. As the electricity
grid decarbonises the same unit of energy from a PV installation will offset less and
less CO2. Moreover, PV generation volume does not align well with the seasonal
demand resulting from increased electrification of heat. This means that the value of
rooftop PV becomes detached from the central issue of decarbonising domestic
heat. This is discussed in section 3.6.
Whilst aiming to reduce CO2 emissions, GMCA must also consider the impact of their
policies on bills. We find that despite the significant reductions in both CO 2 and
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energy demand of many of the destination scenarios, bills are not strongly
impacted. This is because domestic electricity prices are currently significantly higher
than gas per unit of energy (section 3.7).

Scenarios are compared to a range of baselines: “Today”, “Do-nothing”, and
“Business as Usual”. “Today” and “Do-nothing” are based on the housing stock as it is
today with no interventions but use electricity carbon factors for 2019 and forecast
for 2038 respectively (see blue box, below). The predicted decarbonisation of
electricity results in a carbon reduction of 7.6% (an annual average reduction of 280
kg CO2 per home), as shown in Figure 3-1. “Do-nothing” is used as the baseline for
comparing emissions savings of other scenarios. “Business as Usual” provides a
more realistic baseline by accounting for the changes that might occur if the trends
of the last few years were to continue.
Carbon Factors
The amount of CO2 produced per unit of electricity in the UK has been reducing
steadily, as coal is phased out and the uptake of renewables increases. This trend is
forecast to continue, such that electricity becomes an increasingly greener energy
source. The carbon factor describes the amount of CO2 produced per unit of energy
delivered to the consumer. We use 0.136 kgCO2e/kWh today40 and 0.041 kgCO2e/kWh
in 203841. This compares with 0.210 kgCO2e/kWh for mains gas42.

These scenarios are based on historical installation statistics for retrofit measures in
the UK and include cavity wall insulation, loft insulation, glazing, boiler replacements,
solar PV and heat pump installations. We have produced low, medium and high
uptake scenarios to represent the uncertainty of these values. The medium scenario
is used for comparison in several figures, where not stated. The proportion of
homes/year installing each measure for the low, medium and high uptake scenarios
are shown in Table 3-1.

40

Carbon factor values for 2019, BRE, Standard Assessment Procedure 10.1, Table 12

41

Carbon factor values for 2038, BEIS, Green Book supplementary guidance, Table 1

42

Carbon factor values for mains gas, BRE, Standard Assessment Procedure 10.1, Table 12
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Table 3-1: Rates assumed for each of the business as usual scenarios.

Boiler
Replacement

43

Heat

Cavity

Roof

Replacing

Rooftop

pump

wall

Insulation

single glazing

PV

installation

insulation

with double

Low

5%

0.06%

0.6%

0.7%

0.3%

0.05%

Medium

6%

0.08%

0.9%

1.0%

0.5%

0.07%

High

7%

0.10%

1.4%

1.5%

0.8%

0.10%

Detailed statistics for these rates do not exist, so we have estimated a typical value
using the following sources and then formed the other two scenarios by assessing
the margin of error on this value.
•

•

•

•

•

Boiler replacements: A Building Services Research and Information
Association (BSRIA) report claiming 1.6 million new domestic boilers installed
in 201844, adjusted to exclude new build homes. Proportion is of UK housing
stock that are on the gas grid.
Heat pumps: Eurobserv-ER report gives a figure of 25,925 heat pump
installations/year in the UK in 201845. This includes heat pumps across all
sectors so is likely to give an over-estimate, so we have used this to calculate
the ‘high’ estimate.
Cavity Wall and Roof Insulation: From BEIS’ statistics on measures installed
under Government funded schemes.46 Likely to be an under-estimate as it
excludes installations which were not part of these schemes, so we have used
these to calculate the low estimates.
Glazing: Produced by analysing open EPC data for Greater Manchester. 47 As
the numbers of homes with no double glazing is very small, these portfolios
were created using thresholds for the proportion of multiple glazing that
gave the desired proportion, rather than by using the random numbers.
Rooftop PV: Estimated from BEIS solar installation statistics. 48 We assumed
all installations of size 0-4 kWp are domestic installations and used this as the
high estimate.

These are the main components of changes to CO2 emissions from housing. There
are other impacts that are not accounted for, such as external wall insulation or gas
grid connections. We predict that these changes will have a marginal impact on the
emissions of this scenario. The values used in this scenario are based on
extrapolating existing data from the last 10 years, so do not aim to predict possible
changes in uptake that might occur.

43

The proportion in this column is of homes on the gas grid.

44

PHAM news, Accessed August 2020. Global Gas Boiler Sales Revealed

45

Eurobserv-er, (2019) 19th annual overview barometer

46

BEIS, (July 2020). Household Energy Efficiency Statistics, headline release July 2020

47

MHCLG, Accessed August 2020. Open Data Communities

48

BEIS, (August 2020). Solar photovoltaics deployment
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During this project the Government announced the Green Homes Grant to support
owner occupiers and residential landlords to undertake retrofit measures 49. We
have therefore modelled this grant as part of the business as usual analysis both as
a stand-alone scenario and combined with the medium uptake scenario. In our
modelling, we have used a maximum budget per home of £10,000, reflecting that
this is the limit for low-income households under the scheme and that some other
households will be willing to contribute more than £2,500 if there are worthwhile
measures available. We expect most homes to come in well under this maximum
limit. The grants could only be used for the cost-effective fabric measures outlined
above and for heat pumps. The Government has said that they expect this scheme
to impact 600,000 homes over the year it runs.50 This would suggest that it would
impact 27,000 homes in Greater Manchester (noting that not all will be eligible for
£10,000 support from the Green Homes Grant).

The projected CO2 emissions of these baseline scenarios are shown in Figure 3-3.
Our modelling suggests that a 7.6% reduction on today’s emissions could be
achieved simply from the decarbonisation of the grid by 2038.

CO2 emissions per home
(Tonnes/year)

4000

7.6%

25%

21-25%

3000
2000
1000
0
Today

Do Nothing

Business as usual Business as usual
2038
2038 + Green
Homes Grant

Figure 3-3: Graph of CO2 emissions from the baseline scenarios. The error bar on
“Business as usual 2038” shows the range of values between the three scenarios.

Our business as usual scenarios suggest current installation trends will reduce CO2
emissions by 23% by 2038, with 2% variation from the low and high scenarios.
Including the projected take-up of the current Green Homes Grant, which runs until
the end of March 202151, leads to a further 1.5% drop from the medium business as

49

UK Government, Accessed October 2020. Green Homes Grant

50

BEIS, August 2020, Homeowners to see savings available under new Green Homes Grant scheme

51

This is based on the original year-long grant. BEIS, Apply for the Green Homes Grant (Accessed

November 2020)
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usual scenario. This assumes that the Government’s expectations for the grant are
met and that uptake is spread equally across the country.

The destination scenarios are designed to demonstrate the impact of certain
outcomes on Greater Manchester’s housing stock. Each scenario uses a target of Net
Zero CO2 emissions by 2038 and applies to all homes with no budget limit. The
purpose is to see what impact these interventions would have on emissions. The full
list of destination scenarios are given in Table 3-2.
Table 3-2: Description of the destination scenarios.

Scenario
Fabric
Cost Effective (CE)
Fabric
Gas + Fabric
Gas + Fabric + PV
Gas + CE Fabric
Gas + CE Fabric + PV
Heat pumps

Details
All available fabric measures, representing a deep retrofit
of all homes, but with no heating system measures.
Only cost-effective fabric measures, defined by cost
savings being likely to cover installation costs over lifetime.
All available fabric measures and fossil gas upgrades.
All available fabric measures and fossil gas upgrades plus
solar PV.
Cost effective fabric and fossil gas upgrades.
Cost effective fabric and fossil gas plus solar PV.
Widespread heat pump deployment with no other
measures.

Heat pumps + Fabric

Widespread heat pump deployment with all available
fabric measures.

Heat pumps + Fabric
+ PV

Widespread heat pump deployment with all available
fabric measures and solar PV.

Heat pumps + CE
Fabric

Widespread heat pump deployment with cost effective
fabric measures.

Heat pumps + CE
Fabric + PV

Widespread heat pump deployment with cost effective
fabric measures and solar PV.

Photovoltaics (PV)

Solar with no fabric or heating measures.

It is important to note that these are indicative scenarios, designed to illustrate a
range of extreme approaches to help define the limits of possible solutions. In
particular, we are not realistically proposing installing heat pumps across Greater
Manchester without any fabric measures.

There are a wide range of fabric measures that can be installed on a home that can
improve energy efficiency from loft insulation to wastewater heat recovery. Both the
cost and impact of these measures varies widely, so throughout these destination
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scenarios we define two sets of fabric measures. The first of these allows all fabric
measures to be considered and the second considers only those that we have
defined as cost-effective.
We have defined a cost-effective measure as any measure where the energy savings
over its lifetime are likely to cover installation cost. This is a reasonably conservative
assessment of cost effectiveness. There will be measures excluded from this list that
are also cost-effective, especially when the wider societal benefits of fabric are
considered, as outlined in Section 2.3. The optimal extent of fabric measures is likely
to lie somewhere between our two groups: including all measures defined as costeffective plus some others.
To assess which measures meet this criteria we analysed the payback time for all
measures in our modelling system across all homes in Bury. This gave a list of costeffective measures, including:
•
•
•
•
•
•
•

Loft insulation
Cavity wall insulation
External wall insulation
Internal wall insulation
Floor insulation
Insulating a water cylinder
Low energy lighting

Most of the measures listed above have some caveats as cost effectiveness can vary
with factors such as property age or whether some insulation is already present. For
example, an insulated cylinder is only considered cost effective when it is applied to
an uninsulated cylinder. If some insulation is already present, then it is not
considered a cost-effective measure.
This analysis is highly dependent on the assumed cost of energy. If bills were
projected to increase then more extensive fabric measures would be defined as
cost-effective. It is also worth noting that this assessment was performed on the
housing stock as it currently is. Results might differ for homes with heat pumps for
example, as the cost of energy may be different. Nevertheless, this gives us a
baseline group of measures, which are very low regret.

Currently the vast majority of housing in Greater Manchester and the wider UK is
heated by natural gas boilers. Historically, retrofit schemes in the UK have focussed
on improving insulation and boiler efficiency, primarily to reduce energy use and
bills. While this approach does lower emissions it still relies on burning a fossil fuel.
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Figure 3-4: Emissions under a variety of destination scenarios that maintain reliance on
fossil fuels.

Figure 3-4 shows the CO2 emissions for a variety of scenarios where fossil gas is still
relied on. In these scenarios the majority of energy is coming from gas, so energy
saved has a strong relationship with carbon saved. There are clearly opportunities
for significant carbon savings, but once these savings have been achieved it is
difficult to see a path to Net Zero. This indicates that a Net Zero scenario needs to
replace much of this fossil gas with a decarbonised energy source for residential
heating.

The previous section demonstrates that a low carbon energy supply is required to
displace fossil gas in order to reach Net Zero and here we review the options for
this. While there are many approaches to reducing the carbon intensity of heating
only some will be suitable for a Net Zero target across Greater Manchester, as there
are limited viable sources of low or zero carbon energy52.
We conclude that the principal methods for decarbonising heat in Greater
Manchester today are the electrification of heat through air source heat pumps
(ASHPs) and the development of heat networks where opportunities exist. Hydrogen
may well have a role to play in the future, but there is still a lot of uncertainty around

52

Rosenow, J., and Lowes, R. (2020). Heating without the hot air: Principles for smart heat electrification.
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it and it is unlikely to be able to be rolled out at scale within the next ten years. A
recent thought piece from National Grid ESO53 aligned with this view, stating:
“Heat pump deployment is projected to accelerate from the early 2020s, … with
hydrogen playing a role in home heating from 2030.”
The rest of this section gives some background for the following decarbonisation
technologies in more detail:
1. Fringe Energy Sources
-

Solar thermal and Biomass

2. Hydrogen
3. Electrification of heat
4. Heat networks

Solar Thermal and Biomass offer potential for a small contribution to Net Zero CO2
in Greater Manchester’s housing, but are unlikely to be of strategic importance in
reaching Net Zero across the region.
Solar thermal has lowest output in winter when the heat demand is at its highest. In
some countries, where solar irradiation is high and hot water demand is larger than
space heating this offers a very valuable technology, but this is less the case in the
UK. An alternative heating system must be able to supply 100% of the heat demand
on a cold overcast day, when solar generation is negligible, which means this
technology is of little relevance to the core solution that is needed54.
Biomass can be used for heating either through direct combustion in stoves and
boilers or through conversion into biomethane, which can then be used in gas fired
boilers. Currently around 2 TWh of biomethane is injected into the gas grid every
year, but this resource is limited and heating is unlikely to be the best use for it, as it
has potential in harder to decarbonise sectors, as well as in addressing peaks in
energy demand55. The extent to which biomethane is able to decarbonise the gas
grid is unlikely to influence the strategic questions in this work, as it is very unlikely
to be able to meet the heat demand of Greater Manchester, meaning that significant
development of alternative low carbon energy sources would still be required. Solid
biomass is used in domestic stoves in around 1 million homes across the UK 56, but
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National grid ESO, (November 2020). Clean Heat
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Rosenow, J., and Lowes, R. (2020). Heating without the hot air: Principles for smart heat electrification.

Regulatory Assistance Project.
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The Climate Change Committee, (2019). Net Zero technical report.
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The Climate Change Committee, (2019). Net Zero technical report.
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the air quality issues of particulate matter make this an undesirable core solution,
especially for areas of high population density, such as much of Greater Manchester.

At the point of combustion hydrogen produces only water and heat, making it an
exciting option for decarbonisation in various applications. The production of
hydrogen is currently far from being low carbon, with current hydrogen production
accounting for 6% of global natural gas use and 2% of global coal use making it
responsible for 830 million tonnes of CO2 per year57. Decarbonising hydrogen
production relies on one of two techniques:
•

Using electricity from low carbon sources to split water via electrolysis,
known as green hydrogen.

•

Splitting natural gas to make hydrogen, but capturing most of the CO 2
produced through CCS, known as blue hydrogen.

Electrolysis is currently responsible for just 4% of global hydrogen production, as it is
generally more expensive than fossil fuel derived approaches.58 Analysis from
Imperial College London that reviewed different heat decarbonisation pathways
found that a 100% hydrogen pathway was the most expensive of the pathways
considered for reaching Net Zero, as this assumed 100% domestic green hydrogen.
In scenarios where some emissions were allowed (30Mt) then the cost was much
lower, as this allowed the use of blue hydrogen, where not all CO2 can be captured.59
The degree to which hydrogen will impact the decarbonisation of residential heating
demand in the UK remains a live debate, but from our background research
(outlined more fully in the appendices, provided separately to this document) it
seems uncontroversial to say that we are at least 10 years away from large scale
uptake of hydrogen heating in Greater Manchester.
The other key conclusion is that scenarios produced by other organisations, which
assume a high penetration of hydrogen boilers still have significant uptake of other
low carbon solutions, such as heat pumps and district heat networks. For example,
the System Transformation scenario from National Grid ESO’s Future Energy
Scenarios 2020 (Figure 3-5). Work commissioned by the Climate Change Committee
also has 4 million heat pumps in its hydrogen led scenario 60.
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IEA (2019). The Future of Hydrogen
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Northern Gas Networks, H21 North of England, accessed July 2020
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Imperial College London (2018). Analysis of Alternative UK Heat Decarbonisation Pathways
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The Climate Change Committee, UCL and Element Energy (2019). Analysis on abating direct emissions

from ‘hard-to-decarbonise’ homes
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The upshot of our review is that the uncertainty around hydrogen heating does not
impact immediate policy decisions, as the rollout of other low carbon solutions will
be required whether hydrogen boilers become ubiquitous or not.

Figure 3-5: Overall heating technology mix in 2050 in National Grid ESO’s range of
scenarios.61

Emissions from the UK’s power sector have fallen by 62% over the period 2008 –
2018 with a carbon intensity of 246g CO₂/kWh in 201862. This trend is set to continue
with wider penetration of renewables, storage and demand side response.
Electrified heating therefore offers an increasingly low carbon energy source. This
can be done most efficiently using heat pumps, which can use a small amount of
electrical energy to provide a larger amount of heat energy, working on the same
principles as a fridge.
Heat pumps can source heat from either the ground, water or the air. Ground
source heat pumps (GSHPs) require long underground pipes, which makes
retrofitting in urban environments challenging, making them more suitable to newbuild projects or large-scale projects feeding heat networks. Water source heat
pumps are only applicable where a body of water, such as a canal or lake is present
so are also unlikely to be valuable solutions for widespread retrofitting. Air source
heat pumps (ASHPs) on the other hand are well-suited to retrofitting. These capture
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National Grid ESO, (2020). Future Energy Scenarios Figure CV.10
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The Climate Change Committee. (2020). Reducing UK emissions Progress Report to Parliament
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heat energy from the air using a unit placed outside the property, similar to an air
conditioning unit.
Coefficient of Performance (COP) and System Efficiency
The COP indicates how much heat energy a heat pump can produce per unit of
electrical energy. The laboratory measured COP value for an ASHP is generally
around 3, depending on the ambient temperature, flow temperature and the
specific device.
System efficiency is a measure of a whole system. One in home study from 2010
gave an average system efficiency of 2.16.63 This is more than double the efficiency
of traditional electric heating or of the most efficient conventional boilers and 10
years on higher values are likely to be achievable now.
Our modelling uses the best performing air source heat pumps in the SAP product
database, sized for the particular home. For the homes we have modelled the
average system efficiency is 2.79. A reduction in this efficiency would make little
difference to the modelled CO2 saving in 2038 but could increase the energy use of
the home and therefore bills and electricity demand.
A key difference between a gas boiler and a heat pump is the temperature of the
water produced. ASHPs generally have a flow temperature of 35°C, 45°C or 55°C,
with a lower flow temperature leading to higher efficiency. This contrasts with gas
boilers that tend to produce a temperature of at least 60°C. This can mean that for a
heat pump to be effective homes should be well insulated and heating systems may
need alterations. A 35°C system would generally require underfloor heating,
whereas a 55°C system may require no alterations.
Heat pumps are a known technology that can be used to replace gas boilers today,
but currently have much lower production volume than boilers and are more
expensive to install.
Hybrid heat pumps
Hybrid heat pumps are heat sources that use a gas boiler alongside a heat pump to
help lower peak electricity demand. This could potentially be from natural gas or
hydrogen. These are unlikely to be necessary until the penetration of heat pumps is
much higher than it is today, as heat pumps currently represent a tiny fraction of
electricity demand. Peaker power plants fuelled by gas or hydrogen might offer a
more effective way of dealing with this problem. We do not attempt to model hybrid
heat pumps in any of our scenarios.
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Heat networks use a centralised heat source that produces heat, which is then
distributed directly through insulated pipes.64 Heat networks are only low carbon if
they use low carbon heat sources. Gas fired combined heat and power (CHP) plants
are often used and these can offer reductions in CO2 emissions compared to
individual gas fired boilers in each property due to higher efficiency, but they are still
burning a fossil fuel and producing emissions. To reach Net Zero the heat source
must be truly low carbon, such as: using waste heat, geothermal resources, largescale heat pumps or by using carbon capture and storage to remove most of the
emissions from a CHP plant. Heat networks offer the only way of accessing some of
these resources, so where they exist, they should be captured.
At the beginning of 2020 the Government consulted on building a market framework
for Heat networks and stated that: “Heat networks are a crucial aspect of the path
towards decarbonising heat.” 65 Urban areas with high population density are
particularly suited to heat networks and as well as making use of resources, such as
waste heat, they offer the key advantage of providing a degree of energy storage,
which aids the flexible provision of demand. 66 A report covering the potential for
heat networks in Greater Manchester was provided in the Greater Manchester Spatial
Energy Plan.67 This indicates that 15% of existing households are located within 500
metres of a potential heat network with at least one potential site in every local
authority area. For these 15% of households a low carbon heat network could well
be the best solution for Net Zero CO2 by 2038, but a core low carbon heating
solution is needed for homes outside these areas.
Analysis of the potential for low carbon heat networks in Greater Manchester is
beyond the scope of this project, but heat networks should certainly be encouraged
where resources or projects exist, or where a business case can be made. Our
destination modelling uses heat pumps to represent a low carbon heat supply. Heat
networks should be deployed where a specific project has the potential to
outperform the default solution of rolling out air source heat pumps.
The detailed analysis of every home in Greater Manchester supplied by this project
is a resource of property level data that may be useful to future projects designed to
build the business case for low carbon heat networks.
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Energy Saving Trust, (2018). What is district heating?
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BEIS. Heat networks: building a market framework, accessed July 2020
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Energy Technologies Institute, (2018). District Heat Networks in the UK
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Energy Technologies Institute, (2016). Greater Manchester Spatial Energy Plan
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As outlined in the introduction of Section 3, the destination scenarios indicate that a
Net Zero target demands decarbonising the energy source for domestic heating, but
once this has been done the impact of fabric measures on emissions is relatively
modest. Figure 3-6 shows the average annual CO2 emissions per home for just the
heat pump scenarios to illustrate this point. It is useful to remind ourselves that
these are indicative scenarios designed to illustrate extreme outcomes. There are
many reasons why installing heat pumps across Greater Manchester without any
fabric measures is not a realistic approach.

Figure 3-6: Average annual CO2 emissions per home for the core heat pump destination
scenarios.

In the scenario where heat pumps are installed without supporting fabric measures
CO2 emissions reduce by around 95% from today’s level, from above 3.5 tonnes to
217 kg per home per year. When all available fabric measures are applied alongside
heat pumps average emissions are reduced to 155 kg or 179 kg when limited to costeffective fabric measures. These savings amount to a further 1.9% and 1.1%
reduction respectively compared to today’s emissions. These relatively modest
savings require a very substantial additional investment. This is demonstrated in
Figure 3-7, where abating one kg of CO2 costs £1.85 in the heat pump scenario £5.58
for heat pumps + all fabric and £3.20 for heat pumps + CE fabric. The high cost of
abatement for fabric measures comes from the fact that a fabric measure saving
one unit of energy results in a carbon saving that is five times less than it would in a
mains gas heated home.68 The low carbon intensity of the electricity grid also means
that PV is no longer a cost-effective way to lower emissions in these scenarios, as
discussed more fully in Section 3.6.

68

The actual change may be even larger, as heat pump efficiency is 2-3 times higher than gas boilers.
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These results indicate that once the heat source has been effectively decarbonised
fabric measures are no longer a cost-effective way to cut CO2 emissions, but they are
essential for the successful uptake of low carbon heat, as well as reducing fuel
poverty and the health impacts of Excess Cold described in Section 2.3.
This means that identifying which fabric measures should be part of an optimal path
to Net Zero cannot be answered by looking at the CO2 emissions of our scenarios.
Instead we examine the potential reductions to energy demand through fabric
measures (Section 3.5.1) and the impacts this will have on householders (Section
3.5.2) and on the energy network (Section 3.5.3).

Figure 3-7: Cost of CO2 abatement for heat pump destination scenarios.

Interim CO2 savings from fabric measures alone could also be significant where they
are installed into gas fuelled homes, waiting for a decarbonised heat source. These
could lead to reductions as high as 40% as indicated by the fabric only scenario in
Figure 3-1. This aspect does not impact the level of emissions in 2038, but it would
lower the cumulative emissions produced between now and 2038, therefore
reducing the warming impact from homes in Greater Manchester. Scaling up fabric
installations ahead of heat pump rollout is therefore highly desirable.

Heat pumps give a major efficiency saving, compared to other heating systems,
which directly reduces the energy demand. Figure 3-8 shows the annual energy
demand of the heat pump scenario is around three times lower than today, due to
the much higher efficiency of a heat pump compared to current heating systems.
Cost-effective fabric measures can reduce this energy demand by a further 16% to
53 kWh/m2, while including all fabric measures reduces them by 27% to 46 kWh/m2.
By our definition in Section 3.2.1, cost effective measures should always be
implemented as bill savings outweigh the installation cost. Despite our relatively
narrow definition of cost-effective measures, which excludes wider societal benefits
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e.g. from health as well as improved comfort, it is interesting to see that this
scenario achieves almost 60% of the energy savings from allowing all fabric
measures. In reality, the optimal level of fabric will include all of the CE fabric
measures plus many more. Assessing this level should account for the full impacts
on the energy network and wider society and therefore will vary between location
and households.

Figure 3-8: Average annual energy demand (kWh/m2) from the heat pump destination
scenarios and today. PV scenarios are not shown, as it does not affect heat demand.

The previous section has outlined the energy savings offered by fabric measures and
these directly reduce householder’s bills. Figure 3-9 shows that bills are unlikely to
change significantly through installing heat pumps without fabric measures, despite
the higher efficiency of heat pumps, as the domestic cost of electricity is significantly
higher than mains gas. The average value in the Today scenario incorporates all
homes, many of which will have less efficient heating systems. Our analysis of a
sample of homes in Stockport indicates that an ASHP is cheaper than a C- rated gas
boiler, so only A and B rated gas boilers will be cheaper. It should also be noted that
accurate data on boiler efficiency across Greater Manchester is not available, and
our data is likely to be pessimistic about current boiler efficiency. It is also worth
reiterating that these are indicative scenarios and that we are not advocating
widespread rollout of heat pumps without supporting fabric measures.
More significant savings can be achieved where fabric measures are installed
alongside a heat pump. This analysis assumes constant energy costs based on the
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SAP 10 methodology,69 but it is highly dependent on future energy prices. Increases
in electricity prices would make fabric measures more attractive.
As well as lowering bills, fabric measures can also improve comfort and occupier
health. Effective fabric measures will also reduce bills and improve the comfort for
residents, which will result in a better public perception of heat pumps. High levels
of insulation also allow homes to be flexible about the timing of energy consumption
because heat is retained. This can already offer consumers significant savings
through time of use tariffs and will be of increasing value as heat is electrified and
the share of renewable energy is increased.70

Figure 3-9: Average annual energy bills for heat pump destination scenarios compared
to today. Energy prices are calculated using values from the SAP 10 methodology with
regional weather adjustment.

This section examines whether the electricity network will be able to meet the
energy demand of widespread heat pump installations and to what extent fabric
measures are required to manage demand in a decarbonising electricity network.
There are several related parts to this question, which are discussed in this section
in turn:
•

Meeting overall energy demand from low carbon generation

•

Flexibility and managing demand peaks

•

Distribution network capacity

Energy Demand

69
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No matter the level of fabric measures, a widespread roll out of heat pumps will
have a profound impact on the electricity grid in terms of adding increased demand
with a higher degree of seasonal variation. Figure 3-10 shows the UK’s gas and
electricity demand across the period 2010-2018. The required gas demand is mainly
for heating and is therefore highly seasonal. The instantaneous peaks in gas
demand can reach around 3 times that of electricity and while gas can be stored in
large quantities with very little energy loss, the same is not yet true for electricity.
Meaning that installed generation capacity would have to be close to this maximum
level. Meeting the same heat demand through heat pumps rather than gas will lower
the required energy demand somewhat, providing heat pumps achieve an average
system efficiency greater than 2.71

Figure 3-10: Non-daily metered gas demand and national electricity demand
(2010-2018).72
One key question is how the cost of fabric measures compares to the costs of
increased energy demand. A preliminary method of approaching this is to use the
Long-Run Variable Costs of energy supply (LRVCs) supplied by BEIS.73 Averaging
across 2020-2038 gives a cost of around £108 per MWh. The average annual energy
demand per home in the heat pump only scenarios is 3.8 MWh. The additional cost
of fabric measures per MWh saved is around £5,000 for cost effective fabric
measures and £8,000 for all fabric measures, which suggests that the fabric
measures take 44 and 74 years to justify their cost. This analysis suggests that many

71

ASHP efficiency is around 2-3 and around 0.95 for gas boilers. Network losses for electricity and gas are

around 50% and 10% respectively. So, heat pumps are more efficient than gas when ASHP efficiency is >2.
Network losses from: BEIS, Digest of UK Energy Statistics (DUKES) 2020
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BEIS, (2018) ‘Clean Growth – Transforming Heating’

73

Long-run variable costs of energy supply from: BEIS, (2019). Valuation of Energy use and Greenhouse

Gas Emissions for appraisal
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fabric measures are less cost effective than the cost of providing additional
electricity demand, although it is likely that some measures still are. If homes have
resistive electric heating the cost effectiveness of fabric measures increases
significantly.
The LRVC may not be an effective metric for this analysis however, as it is designed
to assess marginal policies, where they do not have a significant effect on the
underlying assumptions.74 Across Greater Manchester, the difference in energy
demand between the ASHP policies with no fabric and all available fabric measures
is 1.9 TWh, around 1.8% of the UK’s final domestic electricity demand in 2019. 75
What’s more, the difference in demand will be focussed over winter when electricity
demand and wholesale prices are highest meaning that the LRVC is likely to be an
underestimate of the cost of meeting this additional demand.
The next question is whether meeting the additional demand for heating homes
from low carbon electricity is feasible. The CCC have commissioned various studies
to address future pathways to decarbonisation, including a recent analysis into
decarbonisation of heat76. This analysis presents various scenarios to 2050 and
states maximum capacities for various technologies as defined by the CCC 77. It also
provides optimised energy production scenarios for these scenarios; as might be
expected, intermittent sources are less useful as zero CO2 is approached. A relevant
scenario is the zero CO2 electric scenario which needs to use 43 GW nuclear capacity
to provide scalable and dependable power, and actually has less installed capacity of
wind and solar than less ambitious scenarios.
Assuming 31 million homes across the UK in 2038, this scenario produces 8.1 MWh 78
per year per home for heating and hot water. We can compare this with the values
derived from the scenarios modelled in Pathways:
•

5.3 MWh for the heat pump scenario

•

4.4 MWh for the heat pump and cost-effective fabric scenario

•

3.8 MWh for the heat pump and all fabric scenario

This suggests that there are feasible ways of meeting this energy demand through
low carbon electricity. A typical electrically heated home without a heat pump or PV
will need around 16 MWh per home and will represent about 15% of today’s
emissions. Using the ‘ceiling’ of 8.1 MWh per home above this suggests that no more
than 1 in 4 homes should be directly electrically heated.
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BEIS (2019). DUKES 2019 Chapter 5: Electricity
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Wind 120 GW, PV 150 GW, Gas with CCS 45 GW and nuclear 45 GW
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Electricity demand and flexibility are currently not barriers for the roll-out of heat
pumps, but as roll-out scales up they will become more relevant. National Grid ESO,
the body responsible for operating the UK’s electricity system, has reported on
future energy scenarios and within the two scenarios that meet the UK’s zero
emissions target stresses that “the majority” of homes must reach EPC band C as
well as the rollout of “at least 2.5m domestic heat pumps” by 2030. 79 This suggests
that they have confidence in meeting the needs of such a scenario, which exceeds
that used by the CCC.

Flexibility of demand
As well as the total demand, the flexibility of demand is a key consideration for
electricity networks. With increasing renewable generation, the ability to store
energy or to be flexible about when it is used is increasingly valuable. Well-insulated
homes with electrified heating offer a flexibility resource to the electricity grid over
short timescales, as the timing of when a heat-pump is running during the day is not
critical. This flexibility has the potential to be hugely valuable to the electricity
network, in terms of required capacity and other infrastructure and increasing the
utilisation of renewable resources.80
Managing the seasonal pattern of demand poses a greater barrier, as electricity
demand is already highest in the winter. There are several technologies that will play
a part in solving this issue, including energy storage and the continued development
of incentivising flexible demand81. The increased demand from the electrification of
heat will also put added strain on the electricity network itself, which will require
widespread upgrades. Work for the Climate Change Committee (CCC) suggests that
the costs of these works is not strongly related to the size of capacity increases, and
therefore suggests that large-scale future proofing of the electricity network will be
necessary and low regret.82
Distribution Network Capacity
The distribution networks are what deliver electricity from the national grid to
homes and businesses. Each connection in these networks has a rated load that
defines the energy it can carry. This is defined by the peak demand, which means
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that most of the time most of the network is running well below its rated load.
Adding demand in the form of heat pumps will mean that some infrastructure needs
to be upgraded. Understanding the extent of this impact is complex and varies with
location, but fabric measures can certainly reduce the extent of the impact in two
ways. Firstly, they will lower the heat demand from the home. Secondly, and
perhaps more significantly, they improve the ability for households to heat their
homes flexibly, as discussed above. Lowering the peak demand will reduce the
extent of distribution network reinforcement required. Incorporating this value into
the value of fabric measures presents a challenging task that requires input from
distribution network operators alongside homeowners and other stakeholders.

Our models have included the installation of solar PV for electricity generation, as a
way of providing renewable energy that offsets the other energy requirements. The
scenarios shown in Figure 3-1 show that the capacity for PV to do this is fairly small
in 2038 (around 2% of today’s emissions), as the carbon intensity of the electricity
grid will be low. The seasonal variation of PV generation aligns very poorly with the
energy demand of domestic housing with electrified heating, but demand for
appliances and water heating is maintained all year round.
We used the model to provide generation and consumption per month, and to
include electricity from appliances. The results for two scenarios involving high
uptake of heat pumps and solar PV are presented below. It is clear that the seasonal
PV usage is misaligned with the heat demand but the generated electricity is still
useful on a scale of days. The effect of the fabric measures on the monthly net
electricity use is apparent.

kWh/
month
month

month

Figure 3-11: Gross monthly energy use and PV generation modelled for the two lowest
carbon scenarios.

Figure 3-11 shows that the monthly net electricity use remains above or close to zero
throughout the year. This modelling is broad and does not include short term
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weather variations, but this analysis does indicate that short term storage would
allow most or all roof-mounted domestic PV generated electricity to be used within
homes within these scenarios. This storage will require additional investment
equivalent to batteries of capacity 6-10 kWh per home. There is also a strong
possibility that excess electricity can be used for charging electric vehicles, although
research83 shows that EV demand is likely to peak at night, so storage would be
necessary for this option too. Modelling the potential of energy storage is out of
scope for this research, in part because SAP/RdSAP does not yet specify how to
approach this, but also because data is not available on the presence of smart
meters, EV charging points (or their potential) and battery storage. These would be
welcome additions to the RdSAP data schema in order to support further modelling
of potential energy demand at address level.
Nevertheless, PV systems are unlikely to be able to directly provide much of the
energy required by the house in the winter. The grid will be required to deliver
electricity from some other form of low carbon generation or long-term storage. In
this sense, a PV system is closer to an offsetting method than directly decarbonising
the domestic energy supply of the housing. In the short term, this is still likely to
reduce emissions, by displacing fossil-fuelled generation in the summer, but as the
grid decarbonises, it is likely that most of the energy produced will be displacing
other renewables. PV has wider benefits to the consumer, particularly in terms of
reducing bills and this will remain dependent on the comparative cost of installing a
system, and associated storage, versus the value of energy imports over its lifetime.

Figure 3-12 shows the average fuel bill for homes in Greater Manchester under
various scenarios, using prices from SAP 1084 with adjustment for average regional

83

Hattam and Greetham 2017, ‘Green neighbourhoods in low voltage networks: measuring impact of

electric vehicles and photovoltaics on load profiles’
84

BRE (2019). SAP 10
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weather. The SAP methodology does not account for energy use for appliances, such
as computers.

Figure 3-12: Graph of average bills for homes in Greater Manchester under a range of
destination scenarios.

The opportunities for bill savings come predominantly from fabric measures and PV.
Replacing gas boilers with heat pumps is unlikely to result in savings unless there are
significant changes to energy tarriffs. This presents a challenge to persuading
consumers and housing providers to make changes, as the cost motivator is not well
aligned with carbon savings. What’s more, it is vital that policies are designed to
ensure that they mitigate rather than exacerbate fuel poverty. These results are also
sensitive to future changes in billing, in particular the relative prices of gas and
electricity, but also the structure of energy bills, as smart meters allow greater
penetration of innovative time of use tarrifs.

Two decarbonisation upgrade pathways were assessed for each of the archetypes
and occupancy assumptions described in Section 2.2, as well as assessing the base
case performance.
•

Deep retrofit focused on extensive fabric upgrades with a gas boiler.

•

Cost-effective focused on cost-effective fabric upgrades (as defined in Section
3.2.1) combined with a low carbon heating system, in this case a heat pump.

In both upgrade pathways, roof mounted solar PV panels were also modelled where
the archetype had a suitable roof, with the solar PV size based on 40% of roof area.
The list of retrofit interventions and detailed results for each of the six archetypes
can be found in the appendices, provided separately to this document. Table 3-3 and
Table 3-4 summarise the main results of the simulation work.
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The key finding is the importance of a low carbon heating system in reducing CO2
emissions to as close as possible to Net Zero. Although Deep retrofit showed a
greater decrease in space heating demand with an average reduction close to 60%
compared to 45% for Cost-effective, the reduction in energy consumption is actually
lower for Deep retrofit (50% on average) compared to Cost-effective (77% on average).
This is due to heat pumps having a COP greater than 1. Furthermore, given the
projected reduction in CO2 emissions of grid electricity, the CO2 emissions for Costeffective scenarios are significantly lower than those for the deep retrofit scenarios,
where a gas boiler was still used.
While a solar PV system was modelled for both scenarios, Cost-effective scenarios
show greater potential to use the electricity generated within the home, given space
heating and hot water needs are met through electricity. When we consider the CO2
emissions offset by the solar PV system alongside projected grid CO2 emissions, the
Cost-effective scenario indicates that it may be possible for some homes to have Net
Zero CO2 emissions by 2038. In other words, on an annual basis the amount of zero
carbon free energy generated from the PV system will equal or exceed the amount
of energy imported from the grid. In two cases85, the reduction in the projected CO2
emissions exceeds 100% of the base case emissions. Evaluating estimated
cumulative CO2 emissions between now and 2038, all but two of the cost-effective
scenarios86 indicate a carbon saving in excess of 90%, compared with a maximum
carbon reduction of 71.5% for the deep retrofit scenarios.
Table 3-3 Results overview

85

These scenarios are GMCA1 (retired couple, Cool Conserver profile) and GMCA2 (working single person,

Cool Conserver)
86

The scenarios with the lowest carbon savings are for GMCA3, which is a ground floor flat where it was

assumed it would not be possible to have its own solar PV system.
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Regarding the differences between the two heating profiles simulated for each
home, scenarios with the higher heating profile (Toasty Cruiser) had consistently
higher space heating demand and energy consumption, as might be expected. On
average, the post-retrofit energy consumption for the Toasty Cruiser profiles was
15% higher than the Cool Conserver profiles for the cost-effective retrofit scenarios
and 17% higher for the deep retrofit scenarios. However, given the emissions
reductions from the solar PV and grid electricity by 2038, the difference in CO2
emissions between Toasty Cruiser and Cool Conserver scenarios are relatively small.
Nevertheless, over several hundred thousand homes, these differences may add up
to thousands of additional tonnes of CO2 being emitted, and greater peaks in
electricity demand.
The Toasty Cruiser and Cool Conserver heating profiles were modelled as these
were considered to represent common examples of high-demand and low-demand
heating behaviour and would therefore provide an idea on the typical range of
energy and carbon reductions we might expect. At the moment, we have very
limited information on the range of heating behaviours and preferences across
Greater Manchester, so cannot be sure how much of a difference this could make, or
whether these differences in heating preference even out over the whole housing
stock. If more households have heating preferences like the Toasty Cruiser profile,
then we would expect residual CO2 emissions from housing to be higher in 2038
than if more households have heating preferences like the Cool Conserver profile,
though this is partly offset by the additional consumption of electricity from solar PV
systems for Toasty Cruiser households.
In reality, we might expect to find households across Greater Manchester with
higher-demand and lower-demand profiles, as well as everything in between.
Understanding more about the distribution of heating behaviours across Greater
Manchester and how these might change over time as energy efficiency measures
and low carbon heating systems are installed would help provide a better estimate
of the potential impact this could have on the 2038 Net Zero target.
Table 3-4 Space heating and energy consumption savings overview
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The scenario modelling has highlighted some specific findings:
•

•

•

•

GMCA1 shows that dealing with specific thermal heat loss areas can lead to
reduced heat pump size (15-10 kW thermal output). There may be
opportunities to trade off additional cost of building fabric improvements
against reduced system size and running costs on a case-by-case basis. This
underlines the importance of whole house planning.
In the base case scenarios, many of the homes have poor levels of comfort
and are not able to achieve comfortable temperatures in some rooms or take
a long time to heat up. Predictably, this effect is greater for households with
Toasty Cruiser set points. This is eliminated in both retrofit scenarios and all
homes can reach target temperature.
Conversely, some rooms in some of the homes are heated too much where
they have only single zone controls. An example of this is where the
thermostat is installed in a particularly cold hall, where the desired
temperature cannot be reached, but other habitable rooms are over heated.
The installation of multi-zone controls helps to reduce inefficiency
significantly.
In general, the COP for heat pumps is higher (i.e. more efficient) for
households with Toasty Cruiser set points than for Cool Conservers87, which
helps to partly offset higher heating demand for Toasty Cruiser.

This section makes clear the scale of the challenge. Profound changes to homes and
energy systems are required to meet Net Zero by 2038. What’s more, this must be
done in ways that protect the most vulnerable and drive down rates of fuel poverty.
Here we outline the key conclusions from this analysis.

87

As with lower heating demand in Cool Conserver, heat pump works close to its compressor minimum

speed for longer hours which reduce the COP.
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It is vital that fossil gas is phased out. This result is apparent from both modelling
studies. Achieving Net Zero is not feasible while significant fossil gas heating
remains. This necessitates a dramatic increase in the roll out of heat pumps.
Increasing the rollout of heat pumps seems to be a low regret decarbonisation
strategy, certainly with the current levels of heat pump penetration. There may be
risks linked to high concentrations of heat pumps installations in small areas,
meaning that close engagement with electricity network providers is essential. Heat
pumps are likely to remain valuable assets even if hydrogen disrupts the rollout of
heat pumps more widely in the coming decades, meaning that scaling up heat pump
installation needs to be pursued in any decarbonisation scenario. This presents
wider benefits in terms of air quality, but has significant risks in terms of fuel
poverty, as electricity prices are currently much higher than natural gas.
Fabric measures are essential to reduce emissions by allowing greater penetration
of heat pumps while protecting the grid, and ensuring the health and poverty
impacts of poor housing is mitigated, rather than exacerbated. The importance of
this was highlighted in Section 2.3 and the dynamic modelling presented here shows
how retrofit can improve this, as all retrofit scenarios eliminate the inability to reach
target temperature in winter that was seen in the Base Case scenarios. Fabric
measures should be implemented alongside the phasing out of fossil gas, but cost
effectiveness varies widely, so policies need to support the most effective measures
and households where the health impacts are likely to be the most significant.
Where heat network projects exist, or where business cases can be identified that
offer a better local alternative to individual heat pumps these should be pursued.
These are likely to be the best solution for a significant minority of homes in Greater
Manchester. Domestic renewables and energy storage offer value to domestic
customers, but they are of marginal use to the core challenge of decarbonising
domestic heating. They must be considered within the wider energy system.
Housing cannot be considered in isolation, as decisions impact the wider energy
system. Nor do individual homes need to reach Net Zero if they are part of a Net
Zero energy system. Considering housing within a wider energy system allows the
full advantages of electricity network reinforcement and insulation measures to be
compared. Whole house planning of retrofit measures remains central to making
effective decisions within homes. It is vital that health and poverty impacts are
considered as part of this work too.
There is considerable ongoing work to develop low carbon hydrogen for a range of
sectors. Hydrogen will be a much sought-after resource for many years after the
technological problems are solved. It may well play a significant role in domestic
energy but is unlikely to be ready for mass rollout within 10 years and will never be a
silver bullet. It does not pose a risk to rolling out any of the measures above.
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The previous sections show the scale of the challenge ahead of GMCA. There are
large differences between today’s housing and housing that is compatible with Net
Zero CO2 emissions by 2038. This section examines the impact that could be
achieved through different policy approaches in closing this gap. These policies have
been modelled in a similar way to the destination scenarios of the previous section
on a random sample of 3% of homes in each local authority area.
Each policy was designed and modelled with three levels of projected impact based
on optimistic, pessimistic and neutral assumptions. These underlying assumptions
are described for each policy along with the modelling results in Section 4.1. These
scenarios were initially identified in a workshop with GMCA staff and represent a
range of scenarios that GMCA might consider. The assumptions about the design
and impact of the scenarios are based on literature review where possible and have
been consulted on with the project steering group. The results of the modelling are
compared with the ‘today’ and ‘do nothing’ baselines in Section 4.2. This indicates
that a grant scheme is likely to have the largest impact, but achieving this would
require significant public investment.
No single policy offers a complete solution, we therefore assess the combined
impact using three stacks that combine one model for each policy along each of the
assumption levels. This analysis shows again that a generous grant scheme is likely
to have the most impact. It also shows that even with the most optimistic
assumptions of uptake for every policy we have modelled GMCA is unlikely to
achieve more than a 60% reduction in emissions. This highlights a need for national
policy shifts to support GMCA in their aims.

These scenarios aim to explore the impact of different policy options available to
GMCA. Designing these scenarios was a multi-stage process in which ideas were
gathered from representatives from GMCA, these were collated into a set of
proposals and reviewed again by GMCA. It was felt that it is worth being ambitious
with these policies, as the scale of the challenge requires it, therefore some of the
scenarios modelled are beyond what GMCA has been able to do in the past or would
even require powers or budgets that necessitate support from central government.
The following sections describe how each policy has been created and what the
projected results were. In each case we modelled a low, medium and high uptake
scenario to demonstrate a range of likely outcomes. We then give a summary of the
results of each scenario.
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One-stop shops support homeowners to make deep retrofit to their homes by
providing impartial advice and one point of contact throughout the process to
manage the project and deal with contractors. We assume that homes within the
scheme have a budget of £20,000 and are aiming to achieve a deep retrofit of their
home, motivated to reduce CO2 emissions. Table 4-1 shows the assumed number of
homes taken only from the owner occupier sector. These numbers are judged from
our own involvement in similar schemes.
Table 4-1: Uptake assumptions for the One-stop Shop scenarios.

Scenario

Homes affected across Greater
Manchester each year

Low

500

Medium

1000

High

2000

Table 4-2 shows the results of these scenarios, showing that the CO2 emissions are
less than 10% of the do-nothing baseline, but although the most optimistic
assumption has higher uptake than any UK venture of this type to date, the effect on
the wider housing stock is still negligible. However, this sort of scheme has the
potential to improve standards and support the wider retrofit market and may be a
cost-effective approach, as it works through leveraging private investment from
homeowners.
Table 4-2: Results for the One-stop Shop scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home

Proportion
affected

£17,310
£18,715
£18,603

0.03%
0.08%
0.19%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
251
167
364

3,346
3,344
3,340
3,347

0.0%
0.1%
0.2%

Average SAP saving
Affected
Whole
homes
stock
16.4
20.4
17.1

0.01
0.02
0.03

Community delivery programmes are schemes where area-based communities are
facilitated to procure measures together in order to achieve savings. We assume
that homes within the scheme have a budget of £20,000, plus a 10% saving from the
bulk savings and are aiming to achieve a deep retrofit of their home. The scheme
applies only to owner occupiers and the private rented sector and we assume they
are motivated to reduce CO2 emissions. Uptake from the private rental sector is
likely to be significantly lower. Our scenarios assume availability and uptake as
shown in Table 4-3.
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Table 4-3: Uptake assumptions for the Community Delivery Programme scenarios.

Scenario

Uptake

Low

Scheme for 1% of private rental and owner-occupier sectors, 40% uptake

Medium

Scheme for 2% of private rental and owner-occupier sectors, 70% uptake

High

Scheme for 5% of private rental and owner-occupier sectors, 70% uptake

The Community Delivery Programme is a model that is effectively untested in the UK
and has yet to deliver results in EU countries where it is being trialled. We have
modelled significant savings in homes that are affected, but the level of savings
depend critically on high volumes of installations using this model.
Table 4-4: Results for the Community Delivery Programme scenarios.

Cost per
home

Scenario
Low
Medium
High
Do Nothing

£19,416
£19,682
£19,784

Proportion
affected
0.31%
1.53%
3.24%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
42
114
105

3,337
3,299
3,240
3,347

Average SAP saving
Affected
Whole
homes
stock

0.3%
1.4%
3.2%

18.6
20.6
20.5

0.06
0.31
0.66

This scenario models a voluntary scheme for the social sector, which outlines
standards for 2038 ready homes that they should aim to meet. The standard is
defined by having all appropriate cost-effective fabric measures installed and a
decarbonised heat source. We believe that a well-managed scheme could engage a
very high proportion of social housing providers, hence our high values for uptake.
Table 4-5: Uptake assumptions for the 2038 Ready Social Home scenarios.

Scenario

Uptake

Low

50% of social sector

Medium

80% of social sector

High

100% of social sector

Table 4-6: Results for the 2038 Ready Social Home scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home

Proportion
affected

£9,594
£9,602
£9,599

10.1%
16.0%
19.8%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
141
140
141

3,141
3,021
2,944
3, 347

6.2%
9.7%
12.0%

Average SAP saving
Affected
Whole
homes
stock
8.1
8.1
8.1

0.82
1.29
1.59

The 2038 Ready social homes scenarios can have a significant effect on 2038 CO 2,
and this is a reflection of the high level of ambition of this modelled programme with
most of the homes getting to a low level of CO 2 emissions. Social homes account for
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less than 30% of homes in the sample which provides a ceiling on the effect of
programmes focused wholly on the social sector.

This is a similar scheme to 2038 ready social homes, as outlined above. We
anticipate a significantly lower uptake in the private rental sector in line with poor
uptake of CO2 reduction measures in the sector historically88.
Table 4-7: Uptake assumptions for the Good Landlord’s Charter scenarios.

Scenario

Uptake

Low

0.5% of private rented sector

Medium

2% of private rented sector

High

5% of private rented sector

The good landlord’s charter makes a similar impact on affected homes to the 2038
ready social homes, but our assumptions are that it is much harder to encourage
investment from landlords in this sector, so the overall impact is much lower.
Table 4-8: Results for the Good Landlord’s Charter scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home

Proportion
affected

£7,925
£8,858
£9,198

0.05%
0.18%
0.90%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
154
147
158

3,346
3,343
3,325
3,347

Average SAP
saving
Affected Whole
homes
stock

0.0%
0.1%
0.7%

8.9
9.8
11.3

0.00
0.02
0.10

MEES currently requires landlords of homes with SAP ratings below E to spend up to
£3,500 to get them to or towards SAP band E. Initial modelling of this scheme
showed that the number of homes rated F and G is so small that the impact of
perfect enforcement will be minimal. The scheme could have a much larger impact if
the minimum allowable rating is increased to C. This option is currently under
consultation by central Government.89
Table 4-9: Uptake assumptions for the MEES scenarios.

Scenario

Min SAP

5 year spend limit

Low

E

£3,500

Medium

C

£3,500

High

C

no limit

88

BEIS (2020). Consultation: Improving the energy performance of privately rented homes

89

BEIS (2020). Consultation: Improving the energy performance of privately rented homes
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We model three scenarios, the current scheme, an increase of minimum SAP rating
to band C with and without the current spending limit. The £3,500 cost limit in the
current scheme has a five-year limit, meaning that there will be three such periods
within 18 years to 2038. This scheme applies to only the private rented sector and
we assume 100% compliance.
As expected, the Low MEES scenario (based on the current system) has no
discernible impact on the wider stock, as so few homes are affected, and the
required standard is comparatively low. The impact on 2038 CO 2 is far smaller than
for 2019 CO2 because a significant portion of homes will switch from electric to gasfired heating will in order to reduce SAP, but this will increase 2038 emissions.
The Medium and High MEES scenarios target minimum SAP C and have a fairly small
but not insignificant effect on 2038 CO2. These two schemes are almost identical, as
almost all homes can achieve the target for less than the £10,500 investment limit.
Higher statutory limits for the private rented sector are likely to be the only way to
improve the worst performing homes in this sector. Standards must be carefully
designed if they are to reduce both emissions and fuel bills for less well-off tenants.
This simplistic approach using just SAP C is not the optimal approach.
Table 4-10: Results for the MEES policy scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home

Proportion
affected

£1,038
£2,038
£2,088

0.3%
12.2%
12.2%

Average 2038 CO2 (kg/year)
Affected Whole
Saving from
homes
stock
"Do Nothing"
2,291
2,469
2,463

3,347
3,238
3,237
3, 347

0.0%
3.3%
3.3%

Average SAP saving
Affected
Whole
homes
stock
21.0
14.2
14.3

0.07
1.73
1.74

We have modelled these grants on the “Green Home Grant” outlined recently by
Government. The Green Home Grant provides vouchers for two thirds of the cost of
applicable home insulation measures, up to £5000, as well as providing £10,000
grants to low-income households to meet the entirety of the cost of
improvements.90 In our modelling, we have used a maximum budget per home of
£10,000, reflecting that this is the limit for low-income households and that some
households will be willing to contribute more than £2,500 if there are worthwhile
measures available. We expect most homes to come in well under this maximum
limit. The grants could only be used for the cost-effective fabric measures outlined in
Section 3.2.1 and for heat pumps.

90

BEIS, August 2020, Apply for the Green Homes Grant scheme
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The Government has said that they expect this scheme to impact 600,000 homes
over the year it runs.91 Proportionally, this translates as around 27,000 homes in
Greater Manchester per year. We model the scheme as running for just one year, as
originally outlined, for 5 years and for the 18 years to 2038, with the same uptake
assumptions. Our initial work on this measure assumed homeowners were
motivated by reducing emissions, but it may be more likely that they are motivated
by reducing bills, which is likely to lead to a significantly lower uptake of heat pumps.
We therefore work the motivation into our assumptions.
Table 4-11: Uptake assumptions for the Grant scenarios.

Number

Homes

Scenario

of years

Affected

Motivation

GHG

1

27,000

Fuel bills

Low

5

135,000

Fuel bills

Medium

18

486,000

Fuel bills

High

18

486,000

Reducing CO2

This scenario assumes a large investment, which is able to reach a large number of
homes and achieve significant reductions in CO2 emissions, as shown in Table 4-12.
This is especially true in the high scenario where reducing CO2 is the target, which
increases the uptake of heat pumps and reduces the emissions per affected home
from over 700 kg/year to 222 kg/year.
Table 4-12: Results for the Grant policy scenarios.

Scenario
GHG
Low
Medium
High
Do Nothing

Cost per
home

Proportion
affected

£7,086
£7,087
£7,117
£7,245

2.7%
10.4%
40.9%
41.2%

Average 2038 CO2 (kg/year)
Affected Whole
Saving from
homes
stock
"Do Nothing"
725
748
751
222

3,271
3,056
2,159
1,942
3,347

2.3%
8.7%
35.5%
42.0%

Average SAP saving
Affected
Whole
homes
stock
11.7
11.8
11.9
9.6

0.31
1.23
4.86
3.95

The majority of these costs will be levelled at the taxpayer, rather than homeowners.
It is striking that costs per home are significantly lower than when compared to the
loan scheme described below, even for the high scenarios, which achieve similar
levels of emissions in affected homes. This arises from the fact that this scheme
targeted the private rented sector as well as owner occupiers as reducing emissions
is generally cheaper in the private rented sector, with its higher proportion of flats.

91

BEIS, August 2020, Homeowners to see savings available under new Green Homes Grant scheme
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This scenario models the impact of a low or zero interest loan scheme that would
allow householders to access capital for investing in energy saving and low carbon
measures. We assume that the loans are only available to install cost-effective fabric
measures and heat pumps, as these are the key measures required to get to Net
Zero. We have set the maximum expenditure per home to be £20,000, which could
include a portion of the homeowner’s own capital, alongside the loan.
Whether homeowners are motivated by reducing emissions or bills has a profound
impact on heat pump uptake, so we worked it into our three levels of uptake, along
with the proportion of owner occupiers who use the scheme. We have excluded
private rented homes as tenants are usually responsible for energy bills directly, so
landlords would not be incentivised in the same way.
Table 4-13: Uptake assumptions for the Loan scenarios.

Scenario

Annual uptake rate

Motivation

Low

0.2% of owner occupiers

Fuel bills

Medium

1.0% of owner occupiers

Fuel bills

High

1.0% of owner occupiers

Reducing CO2

Our analysis of a loan scheme suggests that the proportions of homes affected, even
at our higher projected uptake rates, are very small with a reduction to the average
2038 emissions of up to 0.7%. This reflects the low uptake assumptions. The
reductions in CO2 emissions are significant, even when the motivation is to reduce
bills. The full results are shown in Table 4-14.
Table 4-14: Results for the Loan policy scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home
£10,563
£10,698
£10,005

Proportion
affected
0.08%
0.69%
0.69%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
315
3,344
0.08%
413
3,325
0.67%
193
3,323
0.72%
3,347

Average SAP saving
Affected
Whole
homes
stock
12.3
0.01
13.4
0.09
10.6
0.07

As council tax is linked to properties already there has been considerable interest in
using it to provide an incentive to invest in energy efficiency measures and we
highlight two reports from the Energy Saving Trust and the UK Green Building
Council for their analysis.92 The advantages of using council tax are that it is paid

92

Energy Saving Trust, August 2015, Energy Efficiency and Local Taxation and UK Green Building Council,

July 2013, Retrofit Incentives
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regularly and applies to the vast majority of the housing stock. It also presents a
significant cost to households that has the potential to create an incentive for energy
efficient homes that could then have a wider positive impact on house prices.
Use of council tax as an incentive for low CO2 retrofit also presents major risks,
principally penalising fuel-poor households who have little power over the energy
efficiency of their homes. The costs of the scheme to local authorities must also be
managed and ideally kept cost neutral. Broadly, we have found reports of two
distinct approaches:
1. A one-off rebate for making qualifying alterations.
2. Linking energy performance to council tax banding.
The first of these has been offered by local authorities previously93 and similar
schemes are still active in Scotland 94. These schemes are not cost neutral and are
essentially a form of cash back scheme, albeit with the perception of a tax saving.
The second approach has the potential for a more wide-ranging impact on the
housing stock and could be designed to be cost neutral, but this approach also has a
serious risk of penalising the fuel poor. Analysis by the Energy Saving Trust showed
that in Scotland 87% of households in EPC Band F or G properties are in fuel poverty,
compared to 39% across the housing stock of Scotland as a whole. 95 To increase the
relative tax burden of fuel poor households is likely to be politically and morally
unpalatable. This demands some sort of safety net, which would require significant
funding and careful design. This problem is particularly nuanced in the private
rented sector where council tax is paid by tenants, but the energy performance of
the building is predominantly controlled by the landlord.
A further challenge comes in the assessment of the housing stock, which would
likely have to be based on EPCs, which not all homes currently have. One approach
to this is to have a graded process, in which homes with no EPC are treated with
standard assumptions and over time the penalty for not having an EPC increases,
providing an incentive for assessment. A scheme could assess performance directly
by SAP rating, but although improving SAP generally correlates with lowering CO2
emissions it is not well aligned with a Net Zero target. For example, replacing an old
gas boiler with a more energy efficient one can improve SAP rating significantly and
would lower CO2 emissions, but this would not support Greater Manchester in
reducing dependency on fossil fuel-based heating. Alternatively, a scheme could be
assessed more specifically on whether a home has a low carbon heat source. The
small numbers of homes would make the initial design of the scheme challenging.

93

The Guardian, March 2007, Council tax rebate scheme expanded

94

Glasgow City Council, Accessed September 2020, Council Tax Energy Efficiency Discount Scheme

95

Energy Saving Trust, August 2015, Energy Efficiency and Local Taxation
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Discussions with GMCA on 23rd July 2020 outlined some of these practical and
political difficulties and our further research revealed the complexity that would be
required to use Council Tax as an incentive to low CO2 retrofit. Although there is
huge potential for a council tax incentive to impact Greater Manchester’s housing
stock, designing a scheme that is effective, affordable and fair is a challenging task
that is beyond the scope of this project. Without some idea of how the scheme
would operate it is impossible to model its impact in a meaningful way. We have
therefore decided to omit council tax scenarios from our modelling.

The effectiveness of policies can be assessed by the emissions reductions that they
achieve for both the affected homes and the overall stock. Figure 4-1 shows the
average annual CO2 per affected home (orange) and across the total stock (blue)
after the medium scenario for each policy. The largest impact comes from the grant
scheme and this reflects the high uptake of 40% assumed for this scenario. The
scheme would require £3.6Bn of investment to be leveraged over the 18 years to
2038. The high uptake of the scheme relies on the majority of this being from central
funds.

Figure 4-1: Annual CO2 emissions per home for each of the individual policy scenarios.
Percentage shows the reduction in whole stock emissions compared to the “do
nothing” scenario.

Several policies make a significant reduction to the affected homes, but affect only a
small proportion of homes so do not make a significant reduction to total emissions
(e.g. One Stop Shops, 2038 ready Social Homes, Community Delivery Programmes,
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and Good Landlord’s Charter). These schemes may have a wider impact on the stock
if they are able to stimulate the retrofit market and build the supply chain, as well as
increasing social pressure for others to act.
Different policies impact different sectors and it’s important that the nature of the
sector is taken into consideration when designing policy. For example, the MEES
scheme does not make considerable emissions reductions for the affected homes,
but still may be important, as it is targeting the worst performing homes.

The cost and impact of multiple interventions cannot simply be added together, as
interventions will affect one another. For example, installing cavity wall insulation
into a suitable property under a grant scheme means that this household cannot get
the same benefit again under a loan scheme. In a similar way, multiple measures
applied to a home tend to save less than the sum of the savings of the measures if
applied individually.
The interactions of the scenarios described in Section 4.1 have therefore been
modelled as ‘stacked scenarios’, where the models are combined together to
account for this. We grouped the policies into high, medium and low uptake stacks.
Our initial modelling of these policy measures suggests that even with the most
optimistic assumptions, they are likely to fall short of achieving the desired outcome
of Net Zero housing in Greater Manchester by 2038. There is a policy gap that
requires a more radical approach, and may be beyond the current scope of GMCA’s
statutory powers.
To characterise this gap, further scenarios have been run in which the three stacks
are followed by a low carbon heat step that will apply to all homes. Identifying this
gap offers two advantages to GMCA. Firstly, it provides evidence to demonstrate the
urgency for additional policy in this area, probably at national level. Secondly, it
identifies the opportunities for GMCA to put in place regional policy that will ensure
that Greater Manchester is well placed to take up future national policy and pilot
schemes around low carbon heating and retrofit.

We modelled three scenarios in which the low, medium and high uptake policies
were implemented together, including the business as usual work, outlined in
Section 3.1.1. Figure 4-2 compares the average annual CO2 emissions per home from
each stack scenario with emissions in the do nothing scenario. Considerable
emissions reductions are clearly achievable, but even under the most optimistic
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uptake assumptions and including every policy that we have modelled, around a
third of today’s emissions remain. Each bar is divided into an estimate of the
proportion of the saving that could be attributable to each policy, calculated from
the emissions savings made by the policies individually.

Average CO2 Saved per home
(tonnes/year)

3.5
3.0

23%

2.5

50%
61%

2.0
1.5
1.0
0.5
0.0

Do nothing

Low Uptake

Medium Uptake

High Uptake

2038 Emissions

Grants

Business as usual

2038 Social Homes

MEES

Community Delivery

Loans

Good Landlord's Charter

One-stop shops

Figure 4-2: Comparison of the stacked policies with different uptake assumptions.
Percentages show the total saving of the combined scenario compared to "do nothing".
Table 4-15: Results table for the stacked policy scenarios.

Scenario
Low
Medium
High
Do Nothing

Cost per
home
£7,150
£9,332
£10,321

Proportion
affected
63.6%
85.0%
90.7%

Average 2038 CO2 (kg/year)
Affected Whole Saving from
homes
stock "Do Nothing"
2,168
2,467
26.3%
1,374
1,594
52.4%
1,061
1,232
63.2%
3,347

Average SAP saving
Affected
Whole
homes
stock
7.9
5.0
11.0
9.3
10.2
9.3

The destination scenarios showed that with a complete rollout of heat pumps the
emissions reduction would be greater than 90%, whereas the highest stack here
achieves just 61%. Figure 4-3 shows the emissions reductions from scenarios for the
policy stacks followed by a step that installed a heat pump in every home. This
shows that emissions reductions of 94% are achievable in every case, which is
similar to the savings from the heat pumps destination scenario.
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CO2 Emissions per home
(Tonnes/year)

4.0
3.5
3.0

26%

2.5
2.0

52%

1.5

63%

1.0
0.5

94%

94%

94%

0.0

Today

Do
Low Medium High
Nothing Stack
Stack
Stack

Low Medium High
Stack + Stack + Stack +
heat
heat
heat
pumps pumps pumps

Figure 4-3: CO2 emissions per home for the stacked policy scenarios followed by a heat
pump stage for every home. Percentage shows the emissions reduction achieved
relative to the Do Nothing baseline scenario.

Figure 4-4 compares the cost of abatement in the stack plus heat pump scenarios to
the heat pump destination scenarios. The low stack is cheapest, as this will install the
fewest fabric measures. This means the higher uptake stacks are likely to perform
better on the alleviation of fuel poverty and householder satisfaction with heat
pumps. The higher cost of the high and medium stacks compared to the heat pump
plus cost effective fabric scenario indicates that these scenarios are installing some
other fabric measures.

Cost of abatement (kg/year)

£6.00

£5.58

£5.00
£4.00
£3.20
£3.00
£2.00

£3.67

£3.51
£2.94

£1.85

£1.00
£0.00
Heat pumps Heat pumps Heat pumps Low Stack + Medium High Stack +
+ Fabric
+ CE Fabric heat pumps Stack + heat heat pumps
pumps

Figure 4-4: Cost of annual emissions abatement per kg for the stack + heat pump
scenarios, compared with the heat pump destination scenarios.

Pathways to Healthy and Net Zero Housing in Greater Manchester

|

2nd February 2021

71

There are a wide range of policy interventions open to GMCA, but we have seen that
even with the highest levels of investment and the most optimistic uptake
assumptions these are likely to fall far short of the level of emissions reductions that
are possible and necessary for a Net Zero housing stock. This gap is principally a
result of fossil fuel heating remaining in a large number of homes.
Closing this gap will require policy interventions lead by central Government as it
requires significant funding and systemic changes to the energy system. For
example, the challenge of high electricity bills compared to gas is a systemic barrier
that undermines the move away from fossil gas heating that is vital to achieving Net
Zero. Correcting this perverse incentive whilst protecting households from increased
fuel poverty is complex. The seriousness of the health impacts from poor energy
performance in housing has been highlighted in section 2.3 and it is vital that
solutions to emissions reductions are aligned with reducing these societal costs.
The other major challenge of any policy intervention is engaging people. We have
been optimistic about the uptake assumptions we have used, as the scale of the
challenge necessitates high uptake. Achieving Net Zero will necessitate many
changes to people’s lives and there is always potential for push back. This report has
highlighted the significant co-benefits of these policies such as reducing winter
deaths, costs to the NHS and fuel bills. These can all be used to strengthen policy
design and messaging.

Pathways to Healthy and Net Zero Housing in Greater Manchester

|

2nd February 2021

72

Dramatic falls in electricity grid emissions are key to decarbonising housing
CO2 emissions associated with electricity from the grid are predicted to fall
dramatically by 2038. Using even conservative predictions 96, homes heated by
electricity would have less than 10% of their CO2 emissions today by 2038. National
Grid projections97 suggest negative CO2 electricity by the early 2030s could make
these homes CO2 negative. Conversely, domestic solar photovoltaic (PV) panels will
save much less CO2 than today.
We need to stop using gas fired heating
Fossil natural gas heats most of our homes today. Even with very extensive
insulation of every home in Greater Manchester, all inefficient boilers replaced, and
PV panels wherever suitable, the Portfolio model shows that no more than 60% CO2
emissions reductions will be achieved if fossil gas is still prevalent. The dynamic
modelling supports this conclusion with CO2 reductions between 30-70% where gas
boilers remain, compared with 83-100% where heat pumps are deployed (Table 3-3).
Poor energy performance of homes has a significant societal cost
Fuel poverty and excess cold currently place significant and wide-ranging costs to
society, predominantly in terms of health. Their contribution to excess winter deaths
has been described as an epidemic, estimated to cause 25% of EWDs.98 This is
equivalent to 555 deaths in Greater Manchester during the 2017-18 winter that were
related to excess cold. Improvements to energy performance are necessary for the
health and wellbeing of Greater Manchester’s population. Solutions must be
pursued that improve fuel poverty, health and climate change simultaneously and
must be considered when designing and communicating policy. In particular, the
impact on energy bills must be considered carefully, as decarbonising energy
sources could lead to increased bills without careful design.
We need a large-scale rollout of heat pumps in the 2020s
Heat pumps use around a third of the electricity of conventional electric heating by
harnessing ambient heat. This appears to be below the ceiling of low CO 2 electricity
that could be generated and supplied - if the network infrastructure is built. Other
possible low CO2 heating sources may also have some role to play, including
resistive electricity (too expensive and wasteful compared to heat pumps), biogas
(not enough supply), hydrogen (some years away) and district heating (business case

96

Carbon factor values for 2038, BEIS, Green Book supplementary guidance

97

National Grid ESO (2020). Future Energy Scenarios (FES 2020)

98

Guertler, P. & Smith, P., 2018. Cold homes and excess winter deaths: A preventable public health

epidemic that can no longer be tolerated.
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only works in some areas). Large-scale roll out of heat pumps is the only feasible
major option available in the 2020s and perhaps beyond. It is also compatible with a
longer-term scenario where hydrogen for home heating becomes widespread.
The role of insulation
Widespread insulation improvements are vital to make homes more suitable for
heat pumps and other low CO2 heating, as well as improving health and reducing
bills. Heat pumps and hydrogen boilers are most efficient when correctly sized so
are best installed following all planned insulation retrofit. Efficient homes also allow
some demand flexibility which can be further enhanced by batteries and thermal
storage, and this will allow further savings in an era of flexible tariffs as the grid
provides incentives for resilience. Building infrastructure for low CO2 electricity (and
even more so for hydrogen) will be expensive and take many years to develop so
fabric offers demand reduction that supports the network’s ability to meet demand
through existing infrastructure.
The benefits of fabric retrofit can therefore range from the bill payer, the NHS, the
electricity network and beyond. This makes it hard to assess cost effectiveness. We
have used a starting point of defining measures that pay for themselves through bill
savings in their lifetime as cost effective. There is a clear case for strongly promoting
those measures that pay back in less than 20-40 years. There is likely a case for a
wider set of measures, particularly in homes at risk of Excess Cold.
Solar panels
PV makes homes cheaper to run, as well as reducing demand. It should be seen as
secondary to fabric and heating measures, as it becomes increasingly less relevant
to achieving Net Zero as the carbon intensity of the electricity grid reduces. The
falling costs of solar mean that it is likely to continue to be deployed for economic
reasons and this should be embraced.
Practical action plans still have a gap
Section 4 models the likely effect of a range of realistic policy interventions. These
vary in cost and effectiveness, but even all the most optimistic and ambitious
together still leave a ~30% CO2 ‘gap’ homes that retain fossil fuel heating. Policy
makers need to close this gap.
Homes cannot be considered in isolation from the grid
A strategy for zero CO2 homes needs to see above the level of individual homes and
must involve network stakeholders. Conventional housing modelling, and the
proposals for the Future Homes Standard consider heat demand on an annual basis,
whereas peak demand will become increasingly relevant. Future policy development
should also consider measures that allow demand flexibility.
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Encourage fossil gas phase out
A successful Net Zero plan must phase out every fossil
gas boiler. 2038 is approximately the lifetime of a gas
boiler away, so urgent steps are required to begin the
eradication of fossil gas heating. GMCA should use every
power available to support this aim, as without making
progress on this, it is not possible to reduce CO 2
emissions beyond about a half, even with extensive fabric retrofit and boiler
upgrades. There are multiple systemic and social barriers to achieving this change,
notably the misalignment between CO2 and cost incentives. GMCA will require
support from national government to address these.
Heat pumps are still poorly understood by the general public, so supporting
exemplar projects showing heat pumps working in archetypal homes, as well as
communicating the need for this action will help address the social barriers.
At a more practical level, GMCA should identify and support low CO2 heat networks,
encourage uptake of funding, and redouble efforts to install low-regret fabric
measures (including building the supply chain). Pending the results of BEIS’
Electrification of Heat trials GMCA should identify all mechanisms to accelerate
rollout of heat pumps and discourage uptake of gas extension funding under
HHCRO/Affordable Warmth funds.

Set expectations for affordable, healthy. Net Zero homes
There are a range of pathways to Net Zero which can
reach a similar CO2 emissions target, but vary in terms of
key factors including fuel bill affordability and grid
flexibility. Government policy has, to-date, focused on
EPC ratings to address fuel poverty but the most costeffective routes to SAP C do not align well with
decarbonisation. GMCA needs to consider the targets
and/or guidance it sets for homes alongside 2038 Net
Zero CO2 to support affordability, the resilience of the
local power grid, and indoor air quality.
We propose a Future-Ready Home Rating System to reflect the complexity of
achieving a desirable zero CO2 housing scenario. This could handle multiple
minimum standards and targets to encourage improvement over time, and all
metrics can be drawn from existing datasets, models and standards. This should
include:
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•

A Future CO2 indication
Using either the Environmental Index formally part of the Energy
Performance Certificate, or an outright prediction of CO2 /m2/yr.

•

Fuel bill affordability
The current A-G EPC rating indicates fuel bill affordability as it is linked to fuel
bill per m2.

•

Fabric efficiency
kWh/m2/yr sets out energy use and is comparable across property types.

•

Indoor air quality
Based on the presence, or not, of through the wall or whole house
ventilation systems.

•

Demand Management
A measure of the ability for a home to be smart and flexible a function of
fabric efficiency and the presence of energy storage facilities e.g. water
cylinders or batteries.

A rating system of this kind would enable robust future targets for a varied housing
stock and could be developed for a local area on a voluntary basis or recommended
to the UK Government. Incorporation of EV chargers, smart meters and energy
storage within the Energy Performance Certificate data set and the potential to
model their benefits for decarbonisation in SAP/RdSAP would enhance this further.

Provide Whole House Retrofit Plans
Whenever there is a prospect of a home having any
measure installed, a plan is needed to show how that
measure fits within the Net Zero plan. This is vital to
ensure work supports rather than undermines future
efforts. The plan should show the property owner what
measures would be needed for an affordable Net Zero
CO2 outcome while discouraging measures that block
future plans.
Parity Projects used open EPC data along with other sources to model the potential
to decarbonise Greater Manchester’s housing. This data is valid for up to ten years,
and there is no requirement for home-owners, landlords or installers to update it,
which means there are uncertainties, as addressed in the full report. Although this
has value at the strategic level, each home requires an up-to-date whole house plan
that optimises fabric measures to the point they deliver a home that is affordable to
heat as fossil fuelled heating is phased out. It should have the flexibility to respond
to the property-owners budget and wish to phase works and discourage measures
that block future plans.
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A centralised dataset – going beyond the EPC and available to service providers to
advise property-owners and local authorities and lodge completed works - could be
used to inform property-owners, installers, local and national government on the
potential, need and challenges for decarbonisation at the address, area and national
level.
This can be developed on an area basis or sought from the UK Government who
have the power to improve the availability and accuracy of data, with the ability for
service providers to then develop innovative interfaces that meet the needs of
different parts of the property market.

Set out the roadmap to Net Zero, and remove roadblocks
Various stakeholders, notably social landlords, have a
key interest in improving Greater Manchester’s housing
stock. Many of these have set out similar ambitions in
terms of Net Zero and fuel poverty, but often lack
direction. GMCA is well positioned to support and
connect these organisations to define the direction of
channel and to use the rating system set out above to better measure
improvements.
GMCA should also coordinate actions between stakeholders to enable further action
to be taken. This could include removing roadblocks around data, regulation, finance
that can reduce upfront cost and uncertainty.
Increasingly homes need to be considered as one component of the wider energy
network, so GMCA should also engage with stakeholders in the energy system to
ensure that home energy measures are in sync with grid constraints. In particular,
this report shows the importance of understanding the fabric and demand flexibility
of homes in defining cost-effective programmes of work. The Government should
include residential energy performance in its Modernising Energy Data 99
programme. The recent Energy White Paper includes multiple references to storage,
heat pumps, and data from homes, but these data points were not in scope for the
Energy Data Taskforce100 other than usage data.

99

Modernising Energy Data - GOV.UK (www.gov.uk)

100

Energy Data Taskforce - GOV.UK (www.gov.uk)
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Bolton
The following charts and comments bring out some of the highlights of the 125,761
properties in Bolton. Like other local authority areas, SAP D-rated properties are
most common, followed by C-rated properties. For EI, D-rated properties are most
common, followed by E-rated properties, consistent across Greater Manchester. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent with the rest of Greater
Manchester, Bolton has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating - 62.4 (D)

•

EI rating - 58.0

•

Annual CO2 per home – 3.8 tonnes

•

Annual bill per home - £860

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Bolton averages 3.83 tonnes with a small
minority of homes emitting around an order of magnitude more than this.
The estimated emissions for today101 and for 2038102 are shown in the following
graphs. The difference in emissions arises from the projected decarbonisation of the
UK electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.
A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

101

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

102

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

101644

Flat

18732

Bungalow

5101

Maisonette

284

Semi-detached

46039

Mid terrace

42689

Detached

22480

End terrace

12251

Enclosed end

1327

terrace
Enclosed mid

975

terrace

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Bolton. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above

11052

No insulation

19924

12 mm

592

25 mm

1887

50 mm

4744

75 mm

5515

100 mm

13582

150 mm

13577

200 mm

18450

250 mm

16014

270 mm

3542

300 mm

8924

350 mm

259

400 mm

148

Unknown
As Built

Pathways to Healthy and Net Zero Housing in Greater Manchester

6804
747

|

2nd February 2021

80

Wall Type
The majority of homes in Bolton have cavity walls, this is consistent with the rest of
Greater Manchester and the wider UK. Next common are solid brick walls, used in
most of the Victorian housing stock. It should be noted that a sizeable proportion of
the cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation.

Cavity

112312

Solid Brick

6649

Sandstone

3082

Timber Frame

1232

System Built

2070

Granite or

416

Whinstone
As Built

65495

Filled Cavity

58576

External

1073

Internal

480

Filled Cavity Plus

99

External
Filled Cavity Plus

38

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

1497

Secondary Glazing

231

Double Glazing Unknown
Age

3720
4

Double Glazing Pre 2002

5345
5

Double Glazing 2002 or
Later

6

Triple Glazing
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Main Fuel
The vast majority of properties in Bolton are currently heated from mains gas, this is
consistent with the rest of Greater Manchester and the wider UK.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Bury
The following charts and comments bring out some of the highlights of the 84,500
properties in Bury. Like other local authority areas, SAP D-rated properties are most
common, followed by C-rated properties. For EI, D-rated properties are most
common, followed by E-rated properties, consistent across Greater Manchester. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent with the rest of Greater
Manchester, Bury has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 61.3 (D)

•

EI rating – 56.6

•

Annual CO2 per home – 4.2 tonnes

•

Annual bill per home - £920

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Bury averages 4.15 tonnes. The estimated
emissions for today103 and for 2038104 are shown in the following graphs. The
difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

103

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

104

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

68296

Flat

12968

Bungalow

3005

Maisonette

231

Semi-detached

34571

Mid terrace

24532

Detached

15564

End terrace

7452

Enclosed end terrace

1482

Enclosed mid terrace

899

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Bury. From age band ‘E’, we saw the first tangible moves towards
home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above
No insulation

7533
15420

12 mm

466

25 mm

1254

50 mm

3432

75 mm

4420

100 mm

8968

150 mm

8124

200 mm

11926

250 mm

10779

270 mm

1664

300 mm

4433

350 mm

196

400 mm

89

Unknown
As Built
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Wall Type
The majority of homes in Bury have cavity walls, this is consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Bury has a significant number of sandstone-walled
properties in comparison to other local authority areas.

Cavity

72967

Solid Brick

6456

Sandstone

3250

Timber Frame

668

System Built

623

Granite or

527

Whinstone
Cob Wall

9

As Built

49709

Filled Cavity

34332

External

240

Internal

188

Filled Cavity Plus

24

External
Filled Cavity Plus

7

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).

Single Glazing

1131

Secondary Glazing

72

Double Glazing Unknown
Age

3065
5

Double Glazing Pre 2002

2848
3

Double Glazing 2002 or
Later

7

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Manchester
The following charts and comments bring out some of the highlights of the 234,286
properties in Manchester. Like other local authority areas, SAP D-rated properties
are most common, followed by C-rated properties. Consistent across most local
authority areas for EI, D-rated properties are most common, followed by E- and Crated properties. The vast majority of the stock is dominated pre-WWII and midcentury properties, with mid-terraced and semi-detached flats and houses the
norm. Consistent with the rest of Greater Manchester, Manchester has a significant
proportion of uninsulated cavity walls and roofs. Properties with at least some
double-glazed windows are common. As expected the vast majority of properties
are currently heated from mains gas, and gas boilers with radiator heating
systems tend to be predominant.
Average performance metrics:
•

SAP rating – 64.3 (D)

•

EI rating – 60.5

•

Annual CO2 per home –3.0 tonnes

•

Annual bill per home - £730

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Manchester averages 3.04 tonnes. This is
the lowest of all the local authority areas in Greater Manchester. The estimated
emissions for today105 and for 2038106 are shown in the following graphs. The
difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by pre-WWII and mid-century properties, which is normal as
nationally there are more older properties, especially in established cities.
A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

105

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

106

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1

Pathways to Healthy and Net Zero Housing in Greater Manchester

|

2nd February 2021

89

Property Type
To be expected for a city centre, Manchester has a significant number of flats. Midterrace, semi-detached and end-terrace properties dominate the housing stock.

House

143683

Flat

87140

Bungalow

1779

Maisonette

1684

Mid-terrace

85606

Semi-detached

79915

End terrace

35846

Detached

18810

Enclosed end terrace

8266

Enclosed mid terrace

5843

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Manchester. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above

60188

No insulation

33930

12 mm

731

25 mm

1695

50 mm

6339

75 mm

8344

100 mm

15257

150 mm

16758

200 mm

28169

250 mm

26407

270 mm

5181

300 mm

11968

350 mm

454

400 mm

256

Unknown
As Built
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Wall Type
The majority of homes in Manchester have cavity walls, consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Manchester also has a large number of systembuilt walls, consistent with properties built in the years after World War II.
Cavity

166114

Solid Brick

43601

System Built

20627

Timber Frame

3441

Sandstone

410

Granite or

85

Whinstone
Cob Wall

8

As Built

155976

Filled Cavity

72397

External

4139

Internal

1634

Filled Cavity Plus

118

External
Filled Cavity Plus

22

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

11835

Secondary Glazing

1335

Double Glazing Unknown Age

67047

Double Glazing Pre 2002

56570

Double Glazing 2002 or Later

88643

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Oldham
The following charts and comments bring out some of the highlights of the 97,429
properties in Oldham. Like other local authority areas, SAP D-rated properties are
most common, followed by C-rated properties. For EI D-rated properties are most
common, followed by E-rated properties, consistent across Greater Manchester. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent across Greater
Manchester, Oldham has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 62.0 (D)

•

EI rating – 57.8

•

Annual CO2 per home – 3.9 tonnes

•

Annual bill per home - £870

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Oldham averages 3.93 tonnes. The
estimated emissions for today107 and for 2038108 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

107

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

108

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

79340

Flat

13237

Bungalow

4474

Maisonette

378

Mid terrace

36323

Semi detached

34776

Detached

12348

End terrace

11634

Enclosed end terrace

1208

Enclosed mid terrace

1140

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Oldham. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above
No insulation

8067
19195

12 mm

437

25 mm

1201

50 mm

3899

75 mm

5160

100 mm

9994

150 mm

9288

200 mm

12818

250 mm

12125

270 mm

2195

300 mm

6405

350 mm

207

400 mm
Unknown
As Built
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Wall Type
The majority of homes in Oldham have cavity walls, this is consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Oldham has a significant number of sandstonewalled properties in comparison to other local authority areas.

Cavity

82637

Solid Brick

6250

Sandstone

5151

Timber Frame

746

System Built

2050

Granite or

586

Whinstone
Cob Wall

9

As Built

54568

Filled Cavity

41458

External

1009

Internal

318

Filled Cavity Plus

63

External
Filled Cavity Plus

13

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

1216

Secondary Glazing

116

Double Glazing Unknown
Age

3059
8

Double Glazing Pre 2002

4077
5

Double Glazing 2002 or
Later

3

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Rochdale
The following charts and comments bring out some of the highlights of the 94,896
properties in the Rochdale. Like other local authority areas, SAP D-rated properties
are most common, followed by C-rated properties. For EI, D-rated properties are
most common, followed by E-rated properties, consistent across Greater
Manchester. The vast majority of the stock is dominated by pre-1970s properties,
with semi-detached or mid-terraced houses the norm. Consistent with other
Greater Manchester, Rochdale has a significant proportion of uninsulated cavity
walls and roofs. Properties with at least some double-glazed windows are
common. As expected the vast majority of properties are currently heated from
mains gas, and gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 62.7 (D)

•

EI rating – 58.7

•

Annual CO2 per home – 3.9 tonnes

•

Annual bill per home - £870

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Rochdale averages 3.88 tonnes. The
estimated emissions for today109 and for 2038110 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

109

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

110

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

77669

Flat

13293

Bungalow

3599

Maisonette

335

Semi-detached

34477

Mid terrace

32183

Detached

14295

End terrace

11012

Enclosed end terrace

1670

Enclosed mid terrace

1259

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Rochdale. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.

Dwelling above
No insulation

8294
14815

12 mm

455

25 mm

1039

50 mm

3711

75 mm

4859

100 mm

10233

150 mm

8592

200 mm

12712

250 mm

11733

270 mm

2462

300 mm

8395

350 mm

216

400 mm

205

Unknown

6767

As Built
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Wall Type
The majority of homes in Rochdale have cavity walls, this is consistent with the rest
of Greater Manchester and wider UK. Next common are solid brick walls, used in
most of the Victorian housing stock. It should be noted that a sizeable proportion of
the cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Rochdale has a significant number of sandstonewalled properties in comparison to the rest of Greater Manchester. There are also a
large number of system-built walls, consistent with properties built in the years after
World War II.

Cavity

80549

Solid Brick

5567

Sandstone

4364

System Built

3348

Timber Frame

605

Granite or

461

Whinstone
Cob Wall

2

As Built

47887

Filled Cavity

43979

External

2356

Internal

578

Filled Cavity Plus

50

External
Filled Cavity Plus

46

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

4137

Secondary Glazing

214

Double Glazing Unknown Age

27438

Double Glazing Pre 2002

33227

Double Glazing 2002 or Later

26033

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Salford
The following charts and comments bring out some of the highlights of the 120,956
properties in Salford. Unlike other local authority areas, SAP C-rated properties
follow closely behind the most common D-rated properties. For EI, D-rated
properties are most common, followed by E- and C-rated properties. The vast
majority of the stock is dominated by pre-1970s properties, with semi-detached or
mid-terraced houses the norm. Consistent with the rest of Greater Manchester
Salford has a significant proportion of uninsulated cavity walls and roofs.
Properties with at least some double-glazed windows are common. As expected the
vast majority of properties are currently heated from mains gas, and gas boilers
with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 64.7 (D)

•

EI rating – 60.8

•

Annual CO2 per home – 3.1 tonnes

•

Annual bill per home - £740

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Salford averages 3.11 tonnes. The
estimated emissions for today111 and for 2038112 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

111

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

112

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

80140

Flat

37188

Bungalow

2620

Maisonette

1008

Semi-detached

44902

Mid terrace

38806

End terrace

16700

Detached

13283

Enclosed end terrace

4383

Enclosed mid terrace

2882

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Salford. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above

27173

No insulation

14533

12 mm

380

25 mm

1065

50 mm

3662

75 mm

3753

100 mm

8659

150 mm

9025

200 mm

12575

250 mm

14617

270 mm

3379

300 mm

9357

350 mm

577

400 mm

159

Unknown

9871

As Built

2171
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Wall Type
The majority of homes in Salford have cavity walls, this is consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Unlike the other areas, Salford has very few
Sandstone walled properties. There is a significant proportion of system-built walls,
consistent with properties built in the years after World War II.

Cavity

94548

Solid Brick

14733

Sandstone

109

Timber Frame

1726

System Built

9816

Granite or Whinstone

23

Cob Wall

1

As Built

72697

Filled Cavity

45473

External

1532

Internal

1179

Filled Cavity Plus Internal

43

Filled Cavity Plus External

32

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

2403

Secondary Glazing

129

Double Glazing Unknown
Age

3349
6

Double Glazing Pre 2002

3836
9

Double Glazing 2002 or
Later

9

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas. However, there
are also a significant number of electric-fueled properties.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Stockport
The following charts and comments bring out some of the highlights of the 130,262
properties in Stockport. SAP D-rated properties are most common, followed by Eand C-rated properties. For EI, D-rated properties are most common, followed
closely by E-rated properties. The vast majority of the stock is dominated by pre1970s properties, with semi-detached or mid-terraced houses the norm.
Consistent with the rest of Greater Manchester, Stockport has a significant
proportion of uninsulated cavity walls and roofs. Properties with at least some
double-glazed windows are common. As expected the vast majority of properties
are currently heated from mains gas, and gas boilers with radiator heating
systems tend to be predominant.
Average performance metrics:
•

SAP rating – 60.9 (D)

•

EI rating – 55.8

•

Annual CO2 per home – 4.0 tonnes

•

Annual bill per home - £900

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Stockport averages 4.04 tonnes. The
estimated emissions for today113 and for 2038114 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

113

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

114

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

103939

Flat

21499

Bungalow

4128

Maisonette

696

Semi-detached

60042

Detached

27817

Mid terrace

27728

End terrace

10258

Enclosed end terrace

2412

Enclosed mid terrace

2005

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Stockport. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above

13308

No insulation

18111

12 mm

838

25 mm

1971

50 mm

6485

75 mm

9012

100 mm

15828

150 mm

12798

200 mm

16251

250 mm

16895

270 mm

3955

300 mm

7418

350 mm

155

400 mm

137

Unknown

6039

As Built

1061
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Wall Type
The majority of homes in Stockport have cavity walls, this is consistent with the rest
of Greater Manchester and wider UK. Next common are solid brick walls, used in
most of the Victorian housing stock. It should be noted that a sizeable proportion of
the cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation.

Cavity

109102

Solid Brick

15410

Sandstone

991

System Built

3350

Timber Frame

1214

Granite or

191

Whinstone
Cob Wall

4

As Built

75866

Filled Cavity

52585

External

1421

Internal

334

Filled Cavity Plus

41

External
Filled Cavity Plus

15

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).

Single Glazing

2845

Secondary Glazing

575

Double Glazing Unknown
Age

3647
2

Double Glazing Pre 2002

4748
1

Double Glazing 2002 or
Later

6

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Tameside
The following charts and comments bring out some of the highlights of the 103,473
properties in Tameside. Like other local authority areas, SAP D-rated properties are
most common, followed by C-rated properties For EI, D-rated properties are most
common, followed by E-rated properties, consistent across Greater Manchester. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent with the rest of Greater
Manchester, Tameside has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 62.89 (D)

•

EI rating – 59.13

•

Annual CO2 per home – 3.52 tonnes

•

Annual bill per home - £805

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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E
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D
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D
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The annual CO2 emissions from homes in Tameside averages 3.52 tonnes. The
estimated emissions for today115 and for 2038116 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

115

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

116

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

82603

Flat

16728

Bungalow

3400

Maisonette

742

Semi-detached

42110

Mid terrace

34815

End terrace

12497

Detached

11772

Enclosed end terrace

1506

Enclosed mid terrace

773

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Tameside. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.

Dwelling

9766

above
No insulation

16526

12 mm

549

25 mm

1260

50 mm

4476

75 mm

4948

100 mm

9915

150 mm

9280

200 mm

13595

250 mm

14304

270 mm

2500

300 mm

9515

350 mm

182

400 mm
Unknown
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As Built

562

Wall Type
The majority of homes in Tameside have cavity walls, this is consistent with the rest
of Greater Manchester and wider UK. Next common are solid brick walls, used in
most of the Victorian housing stock. It should be noted that a sizeable proportion of
the cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation. Tameside has a significant number of sandstonewalled properties in comparison to other LA areas. There is also a significant
proportion of system-built walls, consistent with properties built in the years after
World War II.

Cavity

86482

Solid Brick

7446

Sandstone

4611

System Built

3485

Timber Frame

1017

Granite or Whinstone

429

Cob Wall

3

As Built

55446

Filled Cavity

45100

External

2340

Internal

537

Filled Cavity Plus External

39

Filled Cavity Plus Internal

11

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
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Single Glazing

1655

Secondary Glazing

94

Double Glazing Unknown Age

31622

Double Glazing Pre 2002

38830

Double Glazing 2002 or Later

28327

Triple Glazing

2945

Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Trafford
The following charts and comments bring out some of the highlights of the 100,431
properties in Trafford. Like other local authority areas, SAP D-rated properties are
most common, followed by E- and C-rated properties. Unlike other local authority
areas, EI E-rated properties are most common, followed by D-rated properties. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent with the rest of Greater
Manchester, Trafford has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 61.0 (D)

•

EI rating – 55.8

•

Annual CO2 per home – 4.2 tonnes

•

Annual bill per home - £920

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Trafford averages 4.16 tonnes, the highest
of all the local authority areas in Greater Manchester. The estimated emissions for
today117 and for 2038118 are shown in the following graphs. The difference in
emissions arises from the projected decarbonisation of the UK electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.

A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

117

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

118

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

76546

Flat

21511

Bungalow

2057

Maisonette

316

Semi-detached

48548

Mid terrace

22121

Detached

16881

End terrace

9187

Enclosed end terrace

2214

Enclosed mid terrace

1479

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Trafford. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above

13974

No insulation

16048

12 mm

489

25 mm

1296

50 mm

4262

75 mm

5470

100 mm

10653

150 mm

9120

200 mm

12371

250 mm

11153

270 mm

3039

300 mm

5533

350 mm

203

400 mm

129

Unknown

5632

As Built

1059
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Wall Type
The majority of homes in Trafford have cavity walls, this is consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation.

Cavity

79976

Solid Brick

16984

System Built

2044

Timber Frame

1337

Sandstone

58

Granite or

28

Whinstone
Cob Wall

4

As Built

67434

Filled Cavity

32325

Internal

357

External

229

Filled Cavity Plus

74

External
Filled Cavity Plus

11

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

2845

Secondary Glazing

319

Double Glazing Unknown
Age

2977
6

Double Glazing Pre 2002

3593
7

Double Glazing 2002 or
Later

5

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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Wigan
The following charts and comments bring out some of the highlights of the 146,123
properties in Wigan. Like other local authority areas, SAP D-rated properties are
most common, followed by C-rated properties. For EI, D-rated properties are most
common, followed by E-rated properties, consistent across Greater Manchester. The
vast majority of the stock is dominated by pre-1970s properties, with semidetached or mid-terraced houses the norm. Consistent with the rest of Greater
Manchester, Wigan has a significant proportion of uninsulated cavity walls and
roofs. Properties with at least some double-glazed windows are common. As
expected the vast majority of properties are currently heated from mains gas, and
gas boilers with radiator heating systems tend to be predominant.
Average performance metrics:
•

SAP rating – 62.5 (D)

•

EI rating – 58.2

•

Annual CO2 per home – 3.6 tonnes

•

Annual bill per home - £820

The distribution of SAP and EI scores are summarised in the following charts and
tables. The SAP score is a measure of energy efficiency, based on fuel bill, and the EI
score is based on CO2 emissions. In both cases, the higher the rating, the more
efficient the home.
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The annual CO2 emissions from homes in Wigan averages 3.62 tonnes. The
estimated emissions for today119 and for 2038120 are shown in the following graphs.
The difference in emissions arises from the projected decarbonisation of the UK
electricity grid.

Age Band
The stock is dominated by older housing and mid-century properties, which is
normal for this age bracket as nationally there are more older properties, especially
in established cities.
A: Pre 1900

Predominately solid brick or stone until
1930s

B: 1900-1929
C: 1930-1949

Cavity walls become the standard

D: 1950-1966

System builds are common

E: 1967-1975

System builds are common

F: 1976-1982
G: 1983-1990

Cavities are now built with insulation

H: 1991-1995

Age bands now reflect update to
Building Regs

I: 1996-2002
J: 2003-2006
K: 2007-2011
L: 2012+

119

Carbon factor values for 2019 from BRE, Standard Assessment Procedure 10.1

120

Carbon factor values for 2038 from BEIS, Green Book supplementary guidance, table 1
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Property Type
Houses, and specifically semi-detached and mid-terrace houses dominate.

House

123813

Flat

14385

Bungalow

7754

Maisonette

171

Semi-detached

71605

Mid terrace

35737

Detached

24979

End terrace

12164

Enclosed end terrace

1040

Enclosed mid terrace

598

Roof Type
Many of the properties have no insulation or very little. This is consistent with the
older age bands for Wigan. From age band ‘E’, we saw the first tangible moves
towards home energy conservation and this is the first age bracket that assumes loft
insulation.
Dwelling above
No insulation

8086
19429

12 mm

853

25 mm

2198

50 mm

6744

75 mm

7422

100 mm

15557

150 mm

16017

200 mm

21630

250 mm

20728

270 mm

4068

300 mm

12669

350 mm

318

400 mm
Unknown
As Built
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Wall Type
The majority of homes in Wigan have cavity walls, this is consistent with the rest of
Greater Manchester and wider UK. Next common are solid brick walls, used in most
of the Victorian housing stock. It should be noted that a sizeable proportion of the
cavity walls have not been insulated, but a large proportion of these may not be
suitable for cavity wall insulation.

Cavity

128310

Solid Brick

14541

System Built

1618

Timber Frame

1020

Sandstone

500

Granite or

125

Whinstone
Cob Wall

9

As Built

79936

Filled Cavity

64699

External

934

Internal

350

Filled Cavity Plus

185

External
Filled Cavity Plus

19

Internal

Glazing
The vast majority of the stock are double glazed. However as multiple-glazed units
are expensive, it is common for ‘multiple-glazed’ properties (i.e. those recorded as
double-glazed) to still have some single-glazing (e.g. in less frequently-occupied
rooms).
Single Glazing

1738

Secondary Glazing

135

Double Glazing Unknown
Age

3772
4

Double Glazing Pre 2002

6085
8

Double Glazing 2002 or
Later

1

Triple Glazing
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Main Fuel
The vast majority of properties are currently heated from mains gas.

Heating Type
Gas boilers with radiator heating systems tend to be predominant. The electricity
systems are mainly storage heaters and room heaters, rather than heat pumps.
Condensing boilers have been around for 20 years and so it is expected that most of
the boilers will be reasonably efficient.
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