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Glossary

ASHP Air Source Heat Pump

EPC Energy Performance Certificate

El Environmental Impact

FGHRS Flue Gas Heat Recovery System

GSHP Ground Source Heat Pump

LSOA Lower Super Output Area

PCDF Product Characteristics Data File (boiler database)
RdSAP Reduced Data Standard Assessment Procedure
PV Photovoltaic array

SAP Standard Assessment Procedure

SAP Score Energy Efficiency Rating (0-100 or G to A)

TRV Thermostatic Radiator Valve
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Disclaimer

The conclusions in this report are based on the data available. To be able to conduct the
analysis, data may have had to be partially interpolated to fill gaps.

Section 7.3 ‘Data’ has comments about the quality of the data on which the analysis is
based, and we believe we have used best practice in the collation and analysis of this data.
However, as the datasets are incomplete and not entirely verified, data collection will often
reveal our estimates, including estimates of SAP rating, to be incorrect in some degree
when compared with up to date and complete data collected through detailed property
inspections. We believe that the approach taken by Parity has matched our briefing and
has been pragmatic and appropriate given the current state of the housing data available.
Throughout this report the results of our analysis should be seen as estimates.

As housing analysts we would suggest that even a complete and recent housing dataset, if
large, cannot be guaranteed to be free from errors.

The report reflects Parity Projects modelling and results and do not in any way indicate any
agreement by or acceptance from individual Boroughs, the GLA or London Councils.

/4 .
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1

Executive Summary

1.1.1 Report Aims

In 2019 London Councils issued its Joint Statement on Climate Change — agreed by London
Councils’ Transport and Environment Committee and the London Environment Directors’
Network (LEDNet) — setting out seven pledges agreed by the London boroughs to drive action to
address catastrophic climate change. Among the seven pledges is a stretching target to achieve
an average Energy Performance Certification (EPC) B rating across London'’s building stock by
2030.

Parity Projects were commissioned to provide the data modelling necessary to inform the
development of a pan-London action plan for achieving the average EPC B rating. The project is
led by London Councils and the London Housing Directors’ Group, and further supported by
funding from the Greater London Authority and LEDNet.

The following project aims have been addressed by this report:

e Energy profiling of the housing stock in London across various metrics including SAP (or
EPC) score, Environmental Impact (El), fuel bills and CO, emissions. (Sections 3.7 to 3.3)

e Profiling the key characteristics of the London housing stock . (Sections 3.4 to 3.9)

e Analysis of the measures that would be required, and associated costs to meet two
investment scenario targets — Average EPC B and Net Zero. (Sections 4.1 to 4.2.7 & 4.4.1
to 4.4.9)

e Analysis of the properties that will be difficult to reach the investment scenario targets.
(Section 4.4.7)

e Analysis of the supply chain requirements to reach the investment scenario targets.
(Sections 4.3 & 4.5)

It is designed to be a summary of the information provided through the subscription as opposed
to a consultancy document. As such you will find that the report is fact based rather than
expressing opinions or recommendations which will be provided by the subsequent project -

Expert consultancy support in developing a pan-London home retrofit action plan.

1.1.2  Pathways Subscription

As above, this report summarises the investment scenario analysis provided to London Councils

and focuses on presenting the answers to the initial questions posed.

The detail of the data held within the Pathways system allows for ongoing interrogation of the
analysis and results to answer follow up questions that this initial work raises. Training will be
provided to relevant Local Authority staff to allow them to do this over the software licence

period.

b
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1.2 REPORT STRUCTURE

We present a summary of the RASAP dataset we have produced for all domestic properties. This
complete dataset allows us to report on the baseline characteristics of the housing stock
("Baseline Analytics”). It is then used to model and analyse investment Pathways that will
achieve an average SAP B (“Interim Target”), and Net Zero CO; using BEIS 2038 emissions
figures (“"Net Zero"). The Net Zero scenario is focused on decreasing CO; emissions rather than
improving SAP score but also achieves an average SAP B. We explain the choice of BEIS 2038
figures in Section 4.1.1. We also provide insights into the potential employment opportunities

the investment scenarios provide.

The structure of this report is organised into four sections. The first two focus on the current
position of the London housing stock (see Section 1.3 for a summary) and the second two on
the analysis to reach the two targets (see Section 1.4 for a summary).

e  BASELINE ANALYTICS: Provide an estimate of various common characteristics e.g.
inter alia, CO,, estimated fuel bills, SAP score (section 3 pages 13-28)

e OPPORTUNITY MAPPING: Map a number of key opportunities by Lower Super
Output Area (section 3.9 pages 29-38)

e PATHWAYS: Present an analysis of the most cost-effective application of these
Measures to meet two targets (section 4 pages 39-48)

e TRADES ANALYSIS: For each of the Pathways, present information on the potential
trades that would be required to carry out the measures identified. (section 4.3

pages 51-55 and section 4.5 pages 66-68)

Throughout the report we provide charts and graphs to display results. Where these are viewed
on a smaller screen and/or zooming is not possible, then larger versions have been provided in

Section 8 Appendix A.

% parity London Councils Pathways Report | 21 July 2021
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1.3 BASELINE SUMMARY

This section sets out the average performance of Greater London properties. The reality is that there is

a wide range, and this is explored in more detail in section 3 pages 13-28.

Baseline Summary - Averages

B I

2

; o
SAP O El L o2 Fuel Bill KWh/m?2
| {
63 N 59 | 3.28 2 £832 182
Homes Mast common charactenstics
3.781.477 Build date Property type Attachment Wall type Heating system Fuel
In Conservation Areas 4 ¥ 5 . .
640,318 1930-1949 Flat MidTerrace SolidBrick Boilers Mains Gas
Figure 1

13.1

13.2

133

SAP (and El) baseline

We estimate the average SAP score in 2020 is 62.83 (EPC Band D) and the El score is 58.91
(Band D). The El score is the CO; equivalent of the SAP score which is based on fuel bill.

CO: baseline

We estimate the average CO; emissions per property for primary energy use is 3.28tCO;
using figures for 2019. In section 3.1.1 we show what this baseline figure would be expected
to be using BEIS projections of the grid intensity in future years.

Fuel Bill baseline
We estimate that the average annual fuel bill is £832. Throughout the report our fuel bills, as

well as all other figures, are for regulated energy use i.e. this excludes appliances and cooking.
Please see Section 6 for a note on regulated and unregulated energy.
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1.4 PATHWAYS SUMMARY

Our Pathways test all relevant measures in combination for every property to find the most
cost-effective route to our clients’ targets. Those are a less stretching carbon reduction
scenario (referred to as the ‘interim target' in this report) and a further net zero scenario -
both of which, due to the way in which EPC ratings are calculated based on household energy
costs, achieve an average EPC B across the London housing stock. We outline the rationale
behind the two modelled Pathways, how they have been set them up, and detailed results in
Section 44.2 pp.39-63. Below we present the headline findings.

14.1 Interim Target
We have modelled the cost and impact of a multi-pronged approach — 30% with measures
aiming for Net Zero, 20% with reasonably deep fabric measures and 50% with typical current
measures but excluding new gas connections. The following give some headline figures from

the analysis.
TOTAL COST (LABOUR & MATERIALS): £49.296 BILLION
AVERAGE COST PER RESIDENTIAL PROPERTY AFFECTED: £13,000
MEAN TONNES OF CO; 2938) pR PROPERTY FOLLOWING INVESTMENT: 1.44 TONNES

TRADES ANALYSIS: AVERAGE OF 40,900 FULL TIME EQUIVALENT JOBS PER YEAR (2021-2030)

1.4.2 Net Zero

We have modelled the cost and impact of aiming for Net Zero for every property in the

boroughs. The following give some headline figures from the analysis.

ToTAL COST (LABOUR & MATERIALS): £97.957 BILLION
AVERAGE COST PER RESIDENTIAL PROPERTY AFFECTED: £25,900
MEAN TONNES OF CO, 2938) ppR PROPERTY FOLLOWING INVESTMENT: 0.09 TONNES

TRADES ANALYSIS:  AVERAGE OF 72,723 FULL TIME EQUIVALENT JOBS PER YEAR (2021-2030)

é E,% Jrel CttZ London Councils Pathways Report | 21 July 2021



2 Introduction

This report is a brief overview of the analysis conducted of domestic housing in the 32 London
Boroughs and the City of London. Parity has used Pathways to model the energy use and CO;
emissions of the housing stock.

The report is broken down into the following sections:

e  BASELINE ANALYTICS:
Present the key metrics for housing
We have used a combination of multiple data sources and interpolation to generate
baseline data on every property in the borough.
This is presented in section 3 pp.13-28

o  OPPORTUNITY MAPPING:
Identify, map and evaluate potential for energy, SAP and CO; savings, together with fuel
poverty and flood risks, to identify target areas in the Boroughs.
This is presented in section 3.9 pp.29-38

e PATHWAYS:
Present an analysis of the most cost-effective measures that aim for a) the Interim Target
and b) separately to achieve Net Zero CO; emissions for each property using BEIS CO>
grid intensity figures predicted by 2038.
This is presented in section 44.2 pp.39-63

e TRADES ANALYSIS: For each of the Pathways, present information on the potential trades
that would be required to carry out the measures identified.
This is presented in section 4.3 pp.52-55 & section 4.5 pp.66-68

Pathways generates a range of charts and maps to help identify and communicate

patterns in the data.

The detail behind the report from the property level up can be investigated at

pathways.parityprojects.com and is available for the duration of the ongoing Pathways licence

procured for most London Boroughs as part of this work — contact

chris.newman@parityprojects.com for more information.
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3.1

Baseline Analytics

We use the term Baseline to refer to the current state of the housing stock. This section provides
kits of information about the current performance — SAP, CO, fuel bills etc — as well as details
about the characteristics of the housing stock across London — fabric and heating systems,

tenure, maps etc.
Below we present this through a variety of charts and graphs to highlight the characteristics and
performance of the housing stock across all the Boroughs, as well as some commentary of points

to note.

The Pathways analysis has been conducted on all 3,781,477 properties in the 32 Boroughs
and the City of London.

SAP AND EI

3.1.1 SAP Score & Profiling

The SAP score (or EPC score) is a standard measure for housing in the UK and reflects the

primary fuel bills proportional to the floor area.

SAP

Mo, properties by SAP band

Band Range %

92 Plus  0.0%

Al 21 A 150 Al AAP-Eons
B I 95,764 B 8191 25% P
1 043, C 6980 276% & 100K
D S D 5568 50.9% 2
1,926,657
i E 38:54  17.0% 50K
E B4 € b

F 2138 16%
F B 58,836 . oK L
; G 020 0.3% = o -
G| 11,783

SAF Score

Figure 2

We estimate that an average SAP score for domestic housing in London is 62.83 (EPC D). This
is based on our calculated SAP scores for every property; around 45% of properties have had
some lodged EPC information provided from the Open EPC data and the remaining have

required some cloning. See Section 5 page 69 for more information.
The long tail is typical of SAP profile charts.

The figures show that only 2.5% are EPC B or above. We expect this to be a slight
underestimate as from the data available it is hard to model very high rated properties as
these require, for example, exact information about makes and models of heating systems,
which is not available. However, by the nature of these properties being very efficient they are
not of great concern in the modelling of the Pathways as they will either be above the Band B
target or will have a heating system improved under the Net Zero scenario.

b
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3.1.2

For a few of the key property characteristics throughout the report we break out the figures
by tenure. In Table 1 we have done this for SAP score to show that social housing is the best
performing.

Table 1 Average SAP Score by Tenure

Socially Rented (8%) Privately Rented (13%) Owner Occupied (20%) Unknown (59%)

66.52 (Band D) 63.28 (D) 60.63 (D) 62.96 (D)

El Score & Profiling

The Environmental Index is like the SAP score but reflects CO, emissions proportional to floor
area. It is an underused metric, with people preferring to measure absolute CO, emissions.
However, we believe it is a metric that has many benefits over absolute CO; as it takes
property size into account.

For mains gas heated properties, the El score closely mirrors the SAP score. For other fuels
they may vary — biomass will tend to have higher SAP scores compared to El scores for
instance. LPG has the opposite relationship i.e. a lower SAP compared to El score.

El (Environmental Impact)

No. properties by El band

=

> ]

m m O N

Band Range %

Froperties

2 N : 100K 5861
233 92 Plus  0.0% Average El Scare

182 570 81-89 4.8% i |
747,657 69-80 19.8% ]
; 50K |

1370701 55-68  36.2% 1

—— €08 I

. g 3954 335% |

21-38 52% |

50 0 50 100

[~ I W

1.20 0.4% .
El 5core

Figure 3

We estimate an average El score for domestic housing to be 58.61.

‘gparity
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3.1.3

SAP and El by property type
Average SAP

SAP & El score by Property Type

Although the SAP and El scores take the relative size of a property into account, both scores
still vary by property type due to the relative amounts of fabric proportions e.g. many flats will
not have roofs unless they are top floor. The chart below shows the average SAP and El scores
by property type.

Average El

Hous Bungalow Flat Maiscneite Houne Bungalow

Figure 4

Bungalows are the lowest performing and flats are the highest — all other things being equal
this reflects their ratio of heat loss surfaces to volume.

3.2 CO:

3.2.1

Cco2

CO2 profile

No. Properties

CO: Baseline

Our standard measure of CO; uses the carbon factors for SAP10 which is based on 2019
figures. Unless stated otherwise this is used in our charts. The chart on the right below shows
how the grid intensity (i.e. electricity) is predicted by BEIS to decrease over time. The reduction
from SAP 2012 to SAP 10 is partially due to the reduction in coal for electricity and the
increase in large scale renewables.

Grid intensity projections kgCOZe/kWh
06

0
100K

SOK

1co2

Figure 5

We estimate the average tCO; per property to currently be 3.63 tonnes, and if nothing were to
change other than the grid decarbonising, this would reduce to 3.37 tonnes by 2038.

Table 2 breaks out the CO; figures by tenure and shows that Owner Occupied tend to have
the highest emissions and Socially Rented the lowest. This will be a combination of their
efficiency (see Table 1) and their size. The bottom figure for each shows the highest amount
after the top 5% outliers are removed and shows that Owner Occupied have the highest

‘gparity
projects
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spread. These figures allow you to state, for example, that the average Owner Occupied

house produces around 4tonnes of CO; and very few produce more than 8 tonnes.

Table 2 CO Per Property by Tenure

Socially Rented (8%)

Privately Rented (13%)

Owner Occupied (20%)

Unknown (59%)

2.36
Average tCO2 in 2019

2.14
Average tCO2 in 2038

438
Figure 95% are below

2.80
Average tCO2 in 2019

249
Average tCOZ in 2038

5.87
Figure 95% are below

388
Average tCO2 in 2019

3.60
Average tCO2 in 2038

8.07
Figure 95% are below

331
Average tCO2 in 2019

3.04
Average tCO2 in 2038

731
Figure 95% are below

parity
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3.2.2 CO:;Segmentation

Here we show how CO; varies by characteristics in terms of total number of properties and

average carbon emissions for the characteristic.

CO: segmentation

Average tCO2 by property type Total tCO2 by property type

@ 2012 Intensities ®BEIS 2038 Intensities Average

Total tCO2 for houses & bungalows
by attachment

Average
S 9
- § Bungslow | 115K am Detached . .0M
EnclosedEndTerrace | g oM 250
» Fat 4296K 215
~ § EnclosedMidTerrace  0.0M 306
House 7612K 467 EndTerace 0.6M 413
MifTerrace 3i3iM 415
g <& 3 Maisonette | 317K 275
e P \p(,o“e'\ ¢ : semiDetached 29M 438
Total tCO2 by construction age band Avecate Total tCO2 by tenure Total tCO2 by Conservation Area
Average Average
s 354 Unknown 7430k 331
c 3428K 405 Y 2313K
r 1373k S nentesocs fll 7230 236
£ 267
. 236 Unknewn 472K 285
& 204 RentedPrivate 1.341K 280
H 201
182 OwnerDecupied 2504K 488 i
<
L
No. Properties by tCO2 2019 and Property Type
Bungalow Flat House Maisonette
L | :
| | |
! | | 48
L 473 Average i Average Average Ayverage
6 | 401 : 2.15 467 276
g 3009
=: | 483 é | 600
= ! = i
24 | - !
o . . £ :
o 1677 B 42571 E 2500
8 — — :
| =
> | E sen
4 41
2
0 27

No. Properties

Mo. Properties

Figure 6

Some key observations:

No. Properties Mo. Properties

e Average house emissions are more than double flats, and just under double in total emissions;
e Detached houses have by far the highest average CO; emissions;
e Properties built before 1930 tend to have double the emissions of those built after 1983 — this

may partially reflect more flats in more recent times;

e Properties in Conservation Areas tend to have higher emissions — probably a combination of

size and age.

parity
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3.3 OTHER KEY METRICS

3.3.1  Fuel Bills & kWh/m2

Some other useful statistics relate to fuel bills and kWh/m2. kWh/m? is agnostic to the CO;

intensity and price of the current heating source and so is a good measure of the efficiency of
the building fabric — it is for this reason we have used a target of 65kWh/m2 heat demand in

some of the steps of our Pathways in section 4.

The charts both highlight the long tails i.e. whilst 95% of fuel bills are below £1,455, the top
5% can be many thousands more than this.

Fuel Bills & kWh/m2

Fuel bill profile
GOK, £832
Average fuel bill
£1,455
Figure 95% are below

.
(=]
Fa

ra
k=]
=~

Mo. Properties

0K
£OK £1K £2K £3K E4K

Euel Bill llog scale)

kWh per m2 profile
30K

20K

TOK

Mo, Properties

0K
o]

Figure 7

500
kWhimZ

1,000

182
Average of kWh/m2

289
Figure 55% are below
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3.4 HOUSING PROFILING - FABRIC

3.4.1 Property Age & Tenure

Property Age & Tenure

Mo. Properties by Tenure

Property age (main building) #: Fra 1900 190880 Predeminantly selid brick er stane until 1930
B 1900-1929 20420 Unknown 2247689
- 1930-1545 L1 Cavity walls becsma tho ctandard RentedSacial 305,800
O 19501566 A4A 5B  Systerm budlty are common RentedPraate 478700
g ¥ 19671975 ARG Systern Duilts are commoa
= & CwnerDocupied T4E.539
= = F 19761582 126.32%
G 15837950 180781 Cavities are ballt with insudation from this point on
b 191188 $a942  Agebands from haea reflct updates to Building No. Properties by Conservation Areas
| 1996 2007 ey M®
pawsaws 1 N —
[ b 13812 ¥ 640,398
Indnionem 35, T
A E & L omeds 12912 o it
Age Band
No. Properties by Construction Age Band and Wall Construction
A: Solid Brick B: Cavity C: System D: Timber Frame E: Sandstone, Granite, Whin...
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8 20,404 2,358 9,041 756
C 682474 147,806 10,454 4,998 386
D 97,036 293154 52619 3,625 154
2
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Total Total Total Total Total
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No. Properties No. Properties No. Properties No. Properties No. Properties
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Figure 8

The most common construction periods were before 1949 when around 58% of properties
were built. Only around 9% of the properties have been built since 2003.
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3.4.2 Tenure

We are reliant on the tenure field from the Open EPC dataset for an indication of tenure. This
data covers under 50% of properties. It further relies on the EPC surveyor completing it
accurately and that nothing has changed since the EPC was produced.

We have decided not to clone out the tenure, as although social housing is often
concentrated in estates this is far from always the situation. This means that for properties
where there is no indication of tenure we have marked them as ‘"Unknown’ with regard to
tenure. The various charts, as well as logic, indicates that Unknown has a higher degree of
Owner Occupied as they will usually have only required EPCs if the property has changed
hands, but there will also be some longer term socially rented and longer term privately
rented properties.

Based on the above we believe that our ability to model Tenure is still useful for
understanding general differences but comes with caveats.

343 Conservation Areas

We have used Conservation Area maps to determine whether a property address is within or
outside of a Conservation Area. There may be additional constraints in some areas if a
property is close to but outside of a Conservation Area but visible from it. In our analysis

these are marked as not being in a Conservation Area.

Conservation Areas will pose additional constraints regarding external wall insulation,
photovoltaics (PV), solar thermal, air source heat pumps and windows, without some changes
to many planning constraints.
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3.4.4 Property Type

Property Type

Property type Flat & maisonette locations
Property attachment (non-flats)

e -

SemiDetached | 0.50M ; &

Endlerrace 018M
Detached 0.15M

636,314

607,719 g § 2

434% — % EnclosedEndTenace  0.01M
N X S & o © ) ol .
EndosedMidTerrace | 0.00M a2 O *® % W ‘\d(o A o A 6"’0
&} © © @7
& \\'{(‘ Wo ?
Socially Rented (8%) Privately Rented (13%) Owner Occupied (20%) Unknown (59%)

Flat Flat House Flat

House 85479 House 145,406 Flat 249,984 House

Maisonette 24,940 Maisonette 31,079 Maisonette § 37418 Maisonette

Bungalow | 3738 Bungalow 3,219 Bungalow = 18958 Bungalow 2,781

Figure 9

Flats and houses dominate and are roughly equal in number. Mid terrace houses dominate
attachment type. Most flats are in low rise blocks or converted houses. There are more flats on
first floors than ground floor as many premises have commercial units, plant rooms or

communal space on the ground floor.

‘;p arity London Councils Pathways Report | 21 July 2021

projects



3.45 Walls

Wialls
Wall construction Uninsulated walls
25% ST
56% & Solid Brick 2108418 2,030,953
System 211,717
455,573
15— Timber Frame 94,397

04,295 z
T | | 20,220 1,483 1134 129

I — & s
Granite | 1,346 6@%& o ‘,‘ﬁ‘_}e& ?(3{(\ ;;\O“g Gﬁd‘ ®
o o =
Cob | 178 8%

Wall insulation type - ,
Log scale Are walls insulated?

7.0% 1:1%

AsBuilt

FilledCavity | Uninsulated

Internal 42,569

External 19,861 Insulated 1M
FilledCavityPlusExternal 614
FilledCavityPlusinternal S44

Part Insulated § 0.1m
Unknown 4

—91.3%

The topmost chart shows that solid brick walls dominate, and the bottom right indicates that
most are expected to be uninsulated.

Solid walls are the dominant construction in all tenures other than social housing.

Socially Rented (8%) Privately Rented (13%)
3% _ 4%
P 6% —, ‘
— 49% 3% —
~—50%
38% —
Owner Occupied (20%) Unknown (59%)
3% 3% 6% A 1
35% —
36% —
— 56%

~— 60%

Figure 10
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3.4.6 Roofs

Roofs
Insulation location Loft insulation Flat and vaulted roofs
1,370,155
Nolnsulation | 3
mm100 | 9,369
bl 400,694 mm150 5163
mm150 197,064
mm200 169,018 Unknown | 1,215
mm250 142,904 ,
39023 g 21659 s mm270 AsBuilt
— — mm300
N
LT ST LR mm350
\)‘&00- g @K\ Y ¥ Q\’b‘% mmd400
o Unknown 166,261
AsBuilt
Figure 11

Pitched roofs dominate and there is a large range of expected insulation thicknesses. At least
270mm is the recommended level. Often the data available for secondary roofs is not
available so the number of flat roofs is likely understated.

3.4.7 Floors

Floors
Floor construction Floor insulation Insulation thickness where present Floor exposure (log scale)
{log scale)
Solid 932,874 GroundFloor 2263895
J AsBuilt mms0
SuspendedTimber 821666 SemiExposedToUnheated 23493
mm100 3
RetroFitted = 22054
SuspendedNotTimber 522424 Unknown 5 ExposedFioor 17,230
Unknown 905
Unknown | 27663 mm150 4 SemibxposedToPartHeated g
Figure 12

Floors are difficult to treat, especially solid floors, and so based on the age profile of the stock,
it is expected that very few will be insulated. Those built after the mid-1980s should have
some insulation from when they were constructed.

3.4.8 Windows

Windows
Window type Multiple glazing proportion
34%4 135% Single 511,714 single - 51714
25.4% 20% secondary f| 76995 Mainly Single W 187,568
Double but age unknown 1,086,777 Some Single 363,193
Double before 2002 © 1,014,120 Secondary | 27,509
26.7% Double 2002 or later 962,337 Double
26.8% — Triple ® 129,531 Triple l 128,517

Figure 13

Most of the windows are double glazed with around 700,000 expected to still be fully or
mostly single glazed ~ 18% of all properties. 205,000 are in Conservation Areas.
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3.4.9 Doors & Draughtproofing

SAP methodology is reasonably weak on ventilation and infiltration. It considers draughts to
some degree, from windows, doors and open chimneys. SAP also makes some assumptions
based on building age, some fabric elements and location. From a practical point of view, a
ventilation strategy should be considered whenever works are carried out on a building,
especially when significant work that will affect infiltration are undertaken.

Doors & Draughtproofing

No. uninsulated doors per property Draughtproofed doors & windows %
120 W 51150
2130 W 46833
3140 45657
L 2110973 4150 M 71,880
51-60 § 38775

n-a 67,521

&1-30 92733
n
i

91-99 l $3,668

Figure 14

Doors and draughtproofing generally offer much more limited energy and carbon saving
opportunities than other elements.
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3.5 HOUSING PROFILING - HEATING & HOT WATER

3.5.1 Heating Systems

The heating system often has a major impact on the energy use and CO; emissions of a

property, and can also be a relatively easy, if expensive, way to improve a property.

Main Heating

Heating System

Log scale

Storage heaters

Room heaters
Community

Electric underfloor

Warm &ir (not heat pump)
Heat pumps {wet)

Heat pumps (warm air}
Other systems

MNone

Heating fuels llog scale)

3,320,405

Gas

408,655
77315

Electricity Community Liquid Fuel  Solid Fuel

Figure 15

Boilers

Boiler efficiency band

3,002,087

288671

1301 s57 [ &4 3 29763
¢ F E D C 8 A

Electric heating systems

Starage heaters

Roam heaters 136,189
Boilers

Electric underfloor

Heat pumps (wet)

Warm Air (not heat pump)
Heat pumps (warm air)

Other systems

Mains gas with reasonable to good boilers dominate and generate significant carbon

emissions. We expect there are more A and B rated boilers than the figures show but for a

high rated boiler to be assigned we need the boiler make and model.

Electric storage heaters which would most likely be in flats are a distant second heat source.

.gparity
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3.5.2

Secondary Heating

Secondary Heating

Secondary heating fuel Static or portable
None
Electricity 351,449
Gas 346,003 Static 567,046

Solid Fuel I 131,979

Portable M 262,910

Liquid Fuel 525

Figure 16

In many circumstances where there is a central heating system, secondary heaters are more of
a lifestyle choice rather than a necessity.

3.5.3 Hot Water
Hot Water
Hot water type Hot water fuel (log scale) Cylinder insulation thickness
Mains Gas
Electricity mm160 & §7
Cormmunity Mains Gas mm120 29
LPG (bulk)
Community Gil mm30 57476
LPG (bottled) mmS0 120,346
LPG (special condition)
Community Electricity iR 168,532
Community LPG mm25 151,550
Community 830D )
Community Waste Combustion iz
. Community Coal
—B8.5% Qil
. Community Biomass Cylinder insulation type
Sa Community Biogas
158,153 Vegetable Oil Biodiesel
E Community Biodiesel Fosm
) Community Bio or Mineral Oil - 299
Community B30K 141
Smokeless Coal g Nohe
Houise Coal EN)
Coal 8 Wood 22
.sp Wood Chips 15 Jada
‘h.,\f‘ ((‘5@ ,;H Anthracite 7 R 2R
Wood Pellets (Bags) 5
Wood Logs 4
Figure 17
The same gas boilers providing the heating also dominate the provision of hot water. In other
circumstances electric immersions tend to be the solution.
For hot water cylinders, foam insulation is better than a jacket, but greater than 50mm of either
would be considered to be adequate.
pari t Yy 26
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3.6 RENEWABLES

3.6.1 Photovoltaics (PV)

Photovoltaics

Number installed Number installed & potential
aiowp + n akwp +
Total kWp T
3.5 to 4kWp 3837177 3.5 to dkWp 72672
3,834,487
2.5 to IkWp 2.5 to 3kWp 170653
Installed
110 1.5kWp 1to 1.5kWp
Figure 18

The left-hand chart indicates the number of installed PV systems that are known — in this case
we expect this to be an underestimate as the information is not readily available for many
installations. The right chart shows our analysis of the potential if all suitable roofs were
utilised. A 10-panel system would be around 2.5kWp to 3kWp.

559MWh (14%) of the 3,834MWh of identified PV potential is in Conservation Areas.

3.7 FLOOD RISK

We have incorporated Open Government data to show how many properties are within given
Flood Risk bands and their location. These categories represent current flood risk rather than
future flood risk due to climate change e.g. sea level rise. For this reason they tend to be along
river systems.

Flood Risk - Contains public sactor information licensed under the Open Government Licence v

Flood risk (log scalel

3,211,985
479,138

30423

2170

None  Very Low Low Medium High

R 3 i °
:’t\re.map: shzw':ilh: number ofd Wottor 50 Theties r bé % F ) s
Medium and High per postcode 13 —E:,:j e $da
The size of each circle is proportional L - s <€
to the number of properties.
’/ A 2021

R,

DO T

b 8ing

L matherhaad © 2021 TomTom,

Figure 19
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The figures indicate that only 11,388 properties are in high-risk postcodes and 30,423 in
medium-risk. The map shows just the medium and high-risk postcodes.

3.8 FUEL POVERTY

Fuel poverty is extremely difficult to assess as it is both a factor of the energy efficiency of the
property, as well as the income of the household. We do not have any information about the
household incomes and so we show how many of the properties are in LSOAs with expected
fuel poverty percentage rates — drawn from Government published data on the likelihood of
fuel poverty in each LSOA based on national data from the English Housing Survey. The map
below shows postcodes in LSOAs with a greater than 20% risk of fuel poverty.

Fuel Poverty Risk - based on Government published dala drawn from English Housing Survey

The number of filtered properties that are located in LSOAs with the stated Fuel Poverty Risk %. For example 1842918 properties are in an LSOA that has over
10% to 15% of the households expected to be in fuel poverty. N.B. if your properties are only a subset of the properties in the LSOA then you should not expect the % risk to

directly apply to your properties as they may not be representative of the LSOA
Ingyt®:
ad‘ y

Chesham \.;/ | P, Y
Amersham = l

g Eppin

oo, L

522,338

10% to15% Band

1,828,906

5% yo 10% Band

1,204,352

Less than 5% Band

55,366

Figure 20
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3.9 MAPS

An LSOA is a census area with a minimum population of 1,000 and maximum of 3,000, minimum
number of households of 400 and maximum of 1,200.

In each of the maps below we show the results for the sub-regions. The numbers in the key below
each map give the numbers per LSOA e.g. maximum F&G rated properties in one of the LSOAs,
minimum average CO; per property in an LSOA etc.
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3.9.1 EPCF&G rated properties by Sub Region

Figure 21 (Order: North, West, East, South West, South East)

Higher numbers of F&G properties per LSOA are in darker green
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3.9.2  Average SAP by Sub Region

3

{ P / \ <

Tezse ez Fam

Figure 22 (Order: North, West, East, South West, South East)
Outer London tends to have higher average SAP scores. New build areas of Inner London have the

highest averages.
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3.9.3  Average CO:z by Sub Region

Figure 23 (Order: North, West, East, South West, South East)

Higher absolute CO, will be found in LSOAs with older and larger properties. All of the charts
and those below use the same colour scales for all the sub-regions.

b
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3.9.4  Average Fuel Bill by Sub Region

e
3 “%"’?},‘

‘u"’é-

Figure 24 (Order: North, West, East, South West, South East)

Fuel bills have a similar pattern to the CO, map.
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3.9.5 Average kWh/m?by Sub Region

forc

237 &y

Figure 25 (Order: North, West, East, South West, South East)
Slightly counterintuitively, kWh/m2 decreases with property size, all other things being equal.
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3.9.6 Empty Cavities

>
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Figure 26 (Order: North, West, East, South West, South East)

Empty cavities will reflect the location of properties built between the 1930s and 1983.
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3.9.7 Uninsulated Solid Walls by Sub Region

g Y (258 ] \ EUrsA

Figure 27 (Order: North, West, East, South West, South East)
The figures include solid brick, granite, sandstone and any cob walled properties.
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3.9.8 Substandard Loft Insulation by Sub Region

Figure 28 (Order: North, West, East, South West, South East)

The map shows loft insulation marked as 100mm or below, none or unknown. The lower proportion of
flats in inner London is reflected in the maps.
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3.9.9 Off Gas Properties by Sub Region

T v e

Figure 29 (Order: North, West, East, South West, South East)

The figures exclude mains gas or community heated properties. Off gas properties are concentrated in
inner London where there will be more electrically heated properties in higher rise and private rental
properties, and more rural areas where there will be a mixture of fuels.

projects
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4 Pathways

4.1

4.1.1

4.1.2

PATHWAYS SUMMARY

A Pathway is our term for a modelled investment scenario. This section provides summary
results of the Pathways that we have modelled across all London properties — costs and
impacts and maps of the Pathways well as measures and trades required to fulfil the
scenarios.

The modelling involves specifying several variables which are then applied to each property to
determine a cost-effective list of measures aiming for a chosen target. The results can be
viewed from the property level through various portfolios (e.g. filtered by property type,
characteristic, age or area), up to the whole stock level. For this report we have considered
two Pathways: ‘Interim Target’ and aim for ‘Net Zero’ CO,.

Grid Carbon intensity for 2038

BEIS produces figures for the expected CO, intensity of the grid for various dates into the
future. Our modelling can use any of these projected grid intensities to determine which
measures are most cost effective in terms of investment per kgCO; saved. The further into the
future, the more the grid is expected to be decarbonised — with the effect that some measures
become relatively more cost effective at reducing CO, (e.g. CO,) and others less so (e.g. PV). In
discussion with the project team, we decided not to use current grid intensities, as the results
would almost immediately be out of date. We also decided not to use 2050 figures; as the
grid is expected to be largely decarbonised, the modelling starts prioritising on-peak electric
heating and no fabric measures - an approach that will not be sensible until near 2050.

We have therefore chosen the figures for 2038, as they take account of significant further
decarbonization of the grid, but not so much as to make the measures selected irrational.
Furthermore, we also chose this over 2030, as this will mean the modelled results will still be

sensible for many years following the initial target date.

Rationale for Pathway 1: Interim Target

This Pathway has been primarily designed to meet the objective of getting the housing stock
to an Average SAP B. The nature of an average score target means that there can be a myriad
of underlying scores, and as such there are an infinite number of theoretical ways to achieve
the target. At the project inception, additional analysis and discussions were held to agree an
approach that would achieve the target, whilst also taking into account both practical

considerations (e.g. phasing).

Several additional Pathways were run on a sample of data to give an understanding of varying
different approaches on the overall cost, the impact on SAP score and the impact on CO,
emissions. Please see Section 9 (Appendix B) for an overview of this research. The aim was to
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4.13

determine an approach that would minimally achieve the average B target. The approach was
agreed by the project team and in consultation with borough officers through the home
retrofit task and finish group.

The approach was to randomly assign each property to one of three groups — Group 1
covering 20% of properties, Group 2 covering 30% of properties and Group 3 covering 50% of
properties. The groupings were applied at the Borough level i.e. each Borough will have the
same proportional split between the groupings.

Group 1 was then modelled with the application of fabric measures only, with a target of
65kWh/m2 heat demand. The theory for this cohort is to make them ‘heat pump ready’ i.e.
taking them part of the way on their journey to Net Zero.

Group 2 was modelled the same as Group 1, which subsequently had heating systems
changed to either individual or community heat pumps, with any applicable PV installed. The
theory for this cohort is to take them all the way on their Net Zero journey.

Group 3 was modelled with a target of SAP 75 but did not consider new gas installations i.e.
no new connections but allowed replacements where applicable, or solid wall insulation. The
theory for this cohort was to reflect a general improvement to the remaining housing stock
considering measures that are currently common (i.e. business as usual for half the properties

in London).

Pathway 1: Setup

Pathway 1: Interim Target

Steps Target Measures Considered Measures Excluded
1 65 kWh/m? heat Deeper fabric measures Heating measures
demand Renewables
Groups 1&2:
50% of properties
2 Zero CO2 Heat pumps, Community heat Fabric measures
using 2038 grid pumps, PV
intensities
Group 2:

30% of properties

3 SAP 75 Boiler replacements Solid wall insulation
Cavity wall, loft and floor insulation  New gas connections
Group 3: Glazing upgrades
50% of properties PV on roof in non-Conservation
Areas
Solar thermal in non-Conservation
Areas
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4.1.4 Rationale for Pathway 2: Net Zero

This Pathway has been designed to meet the objective of getting the housing stock to as

close to Net Zero CO; emissions as possible. As for Pathway 1 it also achieves an average SAP

B. Again, we carried out additional Pathways analysis on a sample of properties to determine a

modelling approach that allowed for results that were as close to Net Zero as possible without

the overall costs increasing exponentially. The approach was agreed by the project team and

in consultation with borough officers through the home retrofit task and finish group.

Slightly different from Pathway 1, all properties were analysed with the same 2 steps and

measures, an initial fabric target of 65kWh/m2 for heat demand, followed by heat pumps,

community heat pumps and PV aiming for Net Zero. To get close to Net Zero, PV has been

considered both in Conservation Areas as well as small systems on vertical walls.

4.1.5 Pathway 2: Setup

Pathway 2: Net Zero

Step Target Measures Considered Measures Excluded
1 65 kWh/m2 heat  Deeper fabric measures Heating measures
demand Renewables
2 Zero CO2 Heat pumps, Community heat Fabric measures
using 2038 grid pumps, PV
intensities
é Er?ﬁ Jrel Cttx London Councils Pathways Report | 21 July 2021 41



4.1.6

Impacts of the Pathways

Below we compare the relative impacts of the two Pathways with each other. The total

investment and average investment per property is almost twice as large for the Net Zero

scenario. Although across London the Interim Target scenario falls marginally short of

Average B, this varies from Borough to Borough with some achieving it and some not - see

Table 3. We outline below how targets could be flexed per borough to reach Average B. The

Net Zero Target achieves a mid B average whilst also reducing the Net average CO; to 90kg

per year per property using 2038 grid intensity projections.

Pathway 1: Interim Target

Pathway 2: Net Zero

Summar Summar

Properties affected

3,416,500

Total investment
£49,296,160,000

SAP
Final average SAP

79

Average SAP improvement

Properties affected

3,780,618

Total investment

£97,956,740,000

Average investment

£25,900

Average SAP improvement

16.5 21.7

C02 C02

Final average tCO2 (2019) Final average tCO2 (2019)
1.59 0.48

Average tCO2 improvement Average tCO2 improvement
1.69 279

Final average tCO2 Final average tCO2

(BEIS 2038) (BEIS 2038)
1.44 0.09

Figure 30
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4.2 INTERIM TARGET PATHWAY HIGHLIGHTS

In this section we show the key impacts of the Interim Target Pathway.

4.2.1 Pathway Summary

The Pathway has been run on all properties in London but the Properties Affected figure is
below this value because some properties are believed to be above the SAP 75 target already
and so need no further works.

Summar

Properties affected Total investment

3,416,500 £49,296,160,000

Final average SAP

Figure 31

The final average SAP is marginally below the average B figure —a minimum SAP score of 81. We
explore this in Table 3 below.

4.2.2 Investment

Investment

‘Number properties <£5K Total investment
e 564,341 14.7% £49,296,156,159

X
[

200K

Properties

100K

Maximum investment

[
””1””\”\! £191,800

100K 150K 200K
Investment Groups of £1000

50K
50K

oK

Figure 32
_ Figure 32 shows the number of properties in each investment
564,341 14.7% group of £1,000 intervals. Figure 33 groups the number of
properties by larger investment intervals.
ESKIGETORIIN £10K to £20K
1115871 29.5% | 828907 21.9% Table 3 shows the results for each borough ranked by final SAP

score. Inner London boroughs are shaded green. The final
£20K to £30K £30K to £50K

515711 136% | 356840 9.4% column is there to show the SAP score for affected homes as

not all homes are impacted by this Pathway.
£50K to £100K  ,£100K

3,544 . .
A el L o — Nine of the boroughs, all in outer London, reach an average B

Figure 33 score. Two more of the boroughs reach B for affected homes,
but fall short when we include homes not affected — these are in bold in the table. 7 of the remaining
boroughs are within 1 SAP point of being average B. The only inner London borough that comes
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close is Newham. As noted above, analysis has been applied at the Borough level so the same
proportion in each will be considered for retrofit.

Once our modelling was scaled up to all properties in London, the results show that our sample
approach marginally misses the Average B target — 9 Boroughs achieve it and 24 fall short.
Adjusting the relative sizes of the groups outlined in Section 4.1.2 for the Interim Scenario for inner
London boroughs i.e. pushing for more properties to achieve the 65kWh figure, or pushing for more
heat pumps is one potential option for achieving Average B. The higher density also offers more
opportunities for community heating and heat networks.

Multiple factors relating to the makeup of the housing stock in a borough will impact both the
average investment and final EPC score and CO; emissions. Some of these are discussed in Section
44.8.

Table 3 Borough Interim Target Results

Borough Total Average Average Final Final Final

Investment Investment Investment Average Average EPC  tCO;

(Billions) Rank EPC Score Score for (2038)

(1 is lowest) affected
homes
Kensington &
£1.47 £15,980 27 75.3 (C) 75.3 (O) 1.54

Chelsea
Camden £1.53 £13,365 7 76.0 (C) 76.0 (C) 1.36
City of
Westrminster £1.71 £13,520 10 76.4 (C) 76.5 (C) 1.37
Hammersmith &
Fulham £1.23 £14,240 13 76.7 (C) 76.7 (C) 1.37
Islington £1.31 £12,726 4 77.6 (C) 77.7 (C) 1.19
City of London £0.10 £13,220 6 78.0 (C) 78.0 (O) 0.57
Wandsworth £1.96 £14,070 12 78.3 (C) 78.1 (C) 1.41
Tower Hamlets £1.13 £10,900 1 78.4 (C) 79.0 (C) 0.91
Lambeth £1.85 £13,430 9 78.4 (C) 78.6 (C) 133
Hackney £1.33 £12,460 3 78.5 (C) 78.8 (C) 1.20
Haringey £1.64 £15,030 23 78.8 (O) 78.9 (O) 1.53
Richmond £1.30 £16,230 32 78.8 (C) 79.2 (O) 1.71
Southwark £1,54 £12,370 2 78.8 (C) 79.2 (C) 1.15
Kingston-upon-
Thames £1.03 £16,130 30 79.5 (Q) 79.7 (C) 1.65
Ealing £1.88 £14,690 20 79.8 (C) 80.1 (C) 1.46
Hounslow £1.33 £14,280 14 79.9 (O) 80.3 (C) 1.39
Brent £1.74 £14,520 17 79.9 (O 80.1 (C) 1.60
Greenwich £1.43 £13,710 11 79.9 () 80.2 (C) 1.37
Merton £1.19 £14,860 22 80.0 (C) 80.3 (C) 1.52
Barnet £2.26 £16,100 28 80.3 (O 80.6 (B) 1.67
Croydon £2.10 £14,310 16 80.3 (O 80.0 (C) 1.60
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Enfield £1.74 £14,790 21 80.4 (O 80.7 (B) 1.49

Newham £1.42 £13,040 5 80.4 (C) 80.9 (B) 1.30
Sutton £1.12 £14,520 18 80.5 (C) 80.9 (B) 1.51
Bromley £2.11 £16,140 31 80.6 (B) 80.9 (B) 1.49
Waltham Forest £1.46 £14,290 15 80.7 (B) 80.9 (B) 1.40
Harrow £1.37 £16,110 29 80.7 (B) 81.0 (B) 1.70
Lewisham £2.05 £16,510 33 80.7 (B) 80.8 (B) 1.27
Hillingdon £1.53 £14,670 19 80.7 (B) 81.0 (B) 1.52
Barking &

£0.93 £13,390 8 80.8 (B) 81.16 (B) 132
Dagenham
Bexley £1.40 £15,070 24 81.1(B) 81.40 (B) 1.60
Havering £1.54 £15,820 26 81.5 (B) 81.78 (B) 1.68
Redbridge £1.57 £15,743 25 81.5 (B) 81.68 (B) 1.59

4.2.3 Investment by LSOA

The Sub-Regional maps below show the LSOAs that will require higher levels of investment.

Some of this will be driven by absolute numbers of properties. The darker green indicates a
higher investment is required.

L ar M
BassK am

Figure 34 (clockwise from top left - West, North, East, South East, South West)
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4.2.4 SAP Score

Figure 35 shows how the SAP profile changes from the current shape to one where all the
measures identified in the Interim Target Pathway have been installed. Table 4 provides the
resulting property numbers by EPC band. There are two things to note:

e there is a major peak at SAP 75 as you expect from the Scenario setup, but the
chart also shows a significant amount of ‘overshoot’ i.e. lots with a result higher
than 75. This is because you either install a measure in total or not at all e.g., you
cannot install half a boiler or one panel PV system. You therefore capture all the
SAP improvements from the measure, taking it above 75.

e There is a second shoulder just above 80. This is often due to the installation of a
measure like PV on a roof which will move the SAP score quite a few points.

SAP
Before SAP in grey. After SAP in colour m Starting average SAP
628
b (69-80) & Average SAP improvement
g (55-68) [D) 16.5
§ 02M (2954) = Final average. SAP
"“ el E 793
[
a - s e i ooy ot
SAP Score
Figure 35

Table 4 Resulting Property Numbers by EPC Band after modelled measures are installed

Resulting EPC Band Number of properties % of stock
A 262,483 7%
B 1,216,422 32%
C 2,101,524 56%
D 187,071 5%
E 11,603 <1%
F 1,069 <1%
G 76 <1%

4.2.5 CO: & Other KPIs

In Figure 36 we show the resulting CO; profile chart using the grid intensity predicated for
2019 and in Figure 37 using figures for 2038. Figure 38 provides some other interesting KPIs
related to the performance of the buildings and impact on fuel bill cost.

ﬁ Er?) Jrel Cttx London Councils Pathways Report | 21 July 2021

46



CO02 After with re grid intensit
Resulting CO2 using 2038 grid intensit

Total tCO2 Total tCO2
5,996,087 5,432,200

i

n4m
1.0M

Average tCO2 improvement

[ “""" 5 w
L I ||l||lll- e ||.|I|||II||II|-.
0K 5K 15K 20K oK

Properties
Properties

10K 5K 10K 15K 20K

kgC02 kgCoZ

Figure 36

.2.6  CO: Future Grid Intensities

=y

CO2 Before and After using 2019 grid intensit

a3m Total tCO2 Total tCO2
12,399,037 5,996,087
Q4N

azm 5 Average tCO2 improvement
2 2 1.69
£ g
-] o
s _ &£ azm _

) “‘ |‘

Q0M .I |||||I"II||“IInn..... ime a0m | ||l||||l|n....-_ . - RN——

O 5K T 15K Fat S oK 5K 0 15K 20K
kgCO2 kgC2
Figure 37

Heating Costs

Average heating £ improvement Maximum heating £
£208 £6,300

Fuel Bills
Average fuel £ improvement Maximum fuel £
£354 £8,040

Environmental Index

Average El improvement
19.2

kWh & kWh/m2

Average kWh improvement Total kWh
7,929 28,103,131,000
Average kWh/m2 improvement Highest kWh/m2
91 1,043
Figure 38
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4.2.7 Measures summary

Our method of applying the Pathway criteria to each property produces an ordered list of the most cost-effective measures for every property. A

hypothetical example is shown below.

Address

9 Acacia Avenue, BR1 1XX
9 Acacia Avenue, BR1 1XX
9 Acacia Avenue, BR1 1XX

9 Acacia Avenue, BR1 1XX

9 Acacia Avenue, BR1 1XX

Measure

Measure Outcome

1 300mm loft insulation

2 External wall insulation
3 Air source heat pump

4 Solar hot water

5  Photovoltaic array

Calculated
Measure Cost

£706
£9,835
£12,000
£4,725

£4,174

Cumulative Cost

£706
£10,541
£22,541
£27,266

£31,440

Resulting SAP Resulting Resulting Fuel Bill Resulting kgC02
Score kWh/m2 heat (2038)
demand

55.48 (D) 85.00 £932.19 3,789
66.76 (D) 24.05 £704.57 2,684
68.19 (D) 4324 £724.46 371
75.74 (Q) 44.75 £528.80 267
85.55 (B) 44.75 £350.91 131

Figure 39

We can use these individual property results to total the number and cost of each of the measures grouped at various levels e.g. Internal solid wall
insulation has been found for 287,110 properties at a cost of £3.27 billion. This is included in the total Fabric measures of 7,335,100 at a total cost of
just under £24 billion. The table below gives the high-level summary and the following tables provide more detail on the measures and their costs
(materials and labour). These tables are necessarily very detailed and may require zooming in to be more visible if on a smaller screen.

Table 5 Breakdown of the Pathway measures results by high level category

Value
(£ millions)

No. measures
(thousands)

Fabric

Heating & Hot
Water
Photovoltaics
Lighting

23,994 (49%)
16,543 (34%)

8,486 (17%)
84 (0.2%)

7,335 (45%)
5,762 (35%)

1,369 (8%)
1,811 (11%)

£20bn

£10bn

£0bn

£24bn

£17bn

£8bn

£0bn

Fabric Heating and Hot
‘Water

Photovoltaics Lighting

“;parity
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Table 6 Detailed breakdown of the Pathway results fabric measures

Fabric 7,335,100 measures Walls No. 2,091,858 Cavity No. 802,796 Cavity Insulation No. 551,496
£23,994M £3,271 average per | £12,610M £6,028 av. | £1,423M £1,773 av. | £683M £1,238 av.
property Internal to Cavity No. 8,658
£89M £10,329 av.
External to Cavity No. 41,042
£439M £10,707 av.
Internal Party Wall No. 201,600
£212M £1,050 av.
Solid No. 996,439 Internal to Solid No. 287,110
£10,636M £10,674 av. £3,273M £11,399 av.
External to Solid No. 709,329
£7,363M £10,381 av.
System No. 48,734 Internal to System No. 13,167
£384M £7,884 av. £92M £,6965 av.
External to System No. 35,567
£293M £8,225 av.
Timber No. 12,720 Internal to Timber No. 12,720
£119M £9,358 av. £12M £9,358 av.
Other (Internal of External) No. 229,866
£32M £140 av.
Roofs No. 1,284,409 Loft No.1,230,303 Virgin or Unknown No. 568,361
£1,253M £976 av. £899M £731 av. £476M £840 av.
Top up No. 661,942
£41M £639 av.
Flat Roof Insulation No. 50,238
£345M £6,868 av.
Rafter Insulation No. 3,861
£9M £2,265 av.
Floors No. 1,260,489 Solid Floors No. 488,083
£2,745M £2,178 av. | £1,076M £2,205 av.
Suspended Timber Floors No. 497,838
£944M £1,896 av.
Suspended Not Timber Floors No. 251,278
£568M £2,259 av.
Exposed Floors No. 23,289
£157M £6,760 av.
Glazing No. 1,672,803 Double (A+ or A++) No.1,101,779
£7,071M £4,227 av. £6,305M £5,723 av.
Secondary No. 40,230
£67M £1,662 av.
Triple (A++ Rated) No. 10,785
£90M £8,312 av.
Doors No. 520,009
£610M £1,173 av.
Draughts No. 1,010,257 | Blocking Chimneys No. 349,460
£296M £293 av. £135M £386 av.
Doors and Windows No. 660,797
£161M £243 av.
Ventilation No. 15,282 Remove Mechanical Ventilation No. 15,266
£18M £2,400 av. £18M £1,200 av.
Add Mechanical Ventilation No. 16
£42K £2,594 av.
arit :
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Table 7 Detailed breakd of the F y results heating. lighting and PV es
Community Heating No. 44,346 Community Heating Controls No. 21,073
£120M £2,703 av. | £22M £1,050 av.
Community Heating System No. 23,273 | Community Heat Pump No. 23,273
£98M £4200 av. | £98M £4,200 av.
Individual Heating and Hot Water No. 5,549,661 Heating System No.2,909,830 Radiator System No. 320,084 Gas No. 319,515
£15,632M £2,817 av. | £14,737TM £5,065av. | £1,153M £3,602av. | £1,149M £3,596 av.
Oil No. 553
£4M £7,218 av.
All Systems No. 16
£17K £1,080 av.
Electric Storage System No. 138,788
£104M £752 av.
Heat Pump System No. 1,093,683 | AirSource Heat Pump No. 1,093,251
£13,480M £12,325av. | £13,472M £12,323 av.
Ground Source Heat Pump No. 432
£8M £19,161 av.
Hot Water No. 496,682 Cylinder Jacket No. 208,860
£81M £163av. | £9.8M £47 av.
New Cylinder No. 74,995
£48M £642 av.
Cylinder Thermostat No. 188,780
£7M £39 av.
Switch from Alternative No. 24,047
£16M £660 av.
Secondary Heating No. 266,380 | Remove Secondary Heating No. 264,212
£73M £275av. | £71M £270 av.
Change Secondary Heating No. 2,168
£2M £938 av.
Controls No.1,800,255 Standard No. 425,776
£737M £410av. | £80M £188 av.
Zoned No. 566,679
£375M £661 av.
Compensating Controller No. 807,800
£283M £350 av.
Tariff Switch No. 76,514 Single to Dual No. 12,477
£3M £33av. | £2M £81 av.
Dual to Single No. 64,037
£1M £24 av.
Solar Thermal No. 15,427
£791M £4,725 av.
Lighting 1,369,091 measures
£84M £62 average per property
Photovoltaics 1,810,679 measures
£8,486M £4,687 average per install
arit .
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4.3 INTERIM TARGET EMPLOYMENT ANALYSIS

4.3.1  Existing sector

The number of people employed in the existing refurbishment sector is hard to determine as ONS statistics and figures are categorised differently
from what is needed e.g. they give total numbers of plasterers in all construction which will cover commercial, public sector and new build, or the
value is split into public and private but not new build or refurbishment. We have therefore triangulated various numbers from the Office of National
Statistics (ONS) and we estimate it currently stands at 12% of the entire UK construction industry by headcount. For the trades working in retrofit, we
assume current work is 30% of the UK’s construction workload by value. From this we estimate the recent make-up of the UK domestic
refurbishment industry in terms of employees as shown below:

300,000
" Retrofit Coordinators
250,000 ® Renewable Heat Specialists
" Heating Engineers
200,000
" Electricians
150,000 " Window Fitters

" Carpenters

100,000
Plasterers &
Renderers

- . -

50,000 Insulation Specialists

" General Builders

1997 2000 2005 2010 2015 2018

Figure 40

In 2008 there were 242,800 trades in ROOFING, INSTALLATION OF ELECTRICAL WIRING AND FITTING, PLUMBING, AND HEAT AND AIR CONDITIONING INSTALLATION,
PLASTERING/RENDERER, JOINERY INSTALLATION, GLAZING, OTHER CONSTRUCTION WORK AND BUILDING INSTALLATION AND COMPLETION. There was then a large overall
drop-off in 2008 that has never been recovered. It disproportionately affected general builders, but joiners, electricians and heating engineers have
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been reasonably steady across most of the later part of the period. We do have an underlying crisis in this sector and that is a lack of new entrants to
it; a rapidly ageing workforce threatens our ability to maintain the current levels of work. For instance, the average age of a Gas Safe heating

engineer is 56 and that is the age they start thinking about retirement.

4.3.2 Methodology

4.3.2.1 Current Trades

We have taken the data above for national existing trades and adjusted this proportionately to the number of properties London. Admittedly this is

quite a crude approach but inevitable in the absence of considerable primary research.

4.3.2.2 Required Trades

We have determined estimated figures for trade requirements for each measure applied in our two Pathways — see example below. These are
totalled and then spread over the time period to 2030 using different implementation profiles outlined below in Sections 4.3.3 & 4.5.2.

Example
Measure: “Flat Roof Insulation to existing pre 1976 to 1982 flat roofs”

Assumed Trade Days required per job:
Insulation Specialist — 2 days
Carpenter — 2 days
General Builder — 2 days

No. Jobs identified: 867

4.3.2.3 Retrofit Coordinators
This new professional role is critical to ensure a smooth flow of work and quality assurance at a time when ramping up volume risks the introduction
of inexperienced people and poor practices. The Retrofit Coordinator will oversee the process for each householder from first introduction to sign-

off of the work. We have made assumptions for Retrofit Coordinator hours for each measure type.
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4.3.2.4 Average Trade Days for a 9-year programme (to 2030)

Figure 41 shows the number of different trades that would be required each year to deliver the Interim Target Programme over 9 years. In total
this programme would require 40,890 full time employees each year — standard building trades dominate. The charts also show how these are

split across trades.

FTE Trades per year of programme FTE Tradespeople per year of programme

FTE Total per year

40,885

® General Builders

@ Insulation Specialists
Plasterers & Renderers
Carpenters

® Window Fitters

© Electricians

6.06K

® Heating Engineers
® Renewable Heat Specialists

® Retrofit Coordinators

~
wn
)
)

~
m
o
I

0.78K

Figure 41
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Alternatively, in Figure 42 we present the programme delivery in terms of individual trade days and total trade years.

Trade days for the whole programme

2M
AM (4.54%) (2:39%) ]

5M (5.45%) N\

L 21M (24.91%)

7M (8.18%) —. ® General Builders

@ Insulation Specialists

Total trade
years

367.97K

Plasters & Renders
Window Fitter

2M (1.9%) ——

3M (3.91%) —— ® Carpenters

@ Electricians
® Heating Engineers
® Renewable Heat Specialists

13M (14.83%) — ® Retrofit Coordinators

\
—29M (33.89%)

Figure 42
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4.3.3 2030 Completion Target

The ambition of the London Boroughs is to complete the Interim Target by 2030 — from little more than a standing start. Below we have shown the
trades required to meet the target with an implementation trajectory that ramps up to a peak by 2030. After 2030 there will be ongoing
maintenance roles and so it is envisaged that this would not result in an employment cliff edge.

2030 Completion Target a programme accelerating up to, and completing by 2030

Implementation Scenarios - cumulative % FTE by trades by year
100

oy 100K
2 80
% ® General Builders
= A 3, G w
b ® Insulation Specialists ‘E-, 80K
E 60 Plasters & Renderers §
% Window Fitters E- 60K
a ® Carpenters g
f oo ® Electricians '__.—
2 ) _ S 40K
K] ® Heating Engineers ke
3
g 55 @ Renewable Heat Specialists
= ® Retrofit Coordinators 20K
oK - — —
2022 2024 2026 2028 2030 2022 2024 2026 2028 2030
Year Year
Figure 43
Table 8
Plasters & Window
Renderers Fitters
No. FTEb
2030 y 49,433 66,602 30,592 4,286 1,769 17,084 5,996 16,366 4,223
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4.4 NET ZERO PATHWAY HIGHLIGHTS

In this section we show the key impacts of the Net Zero Pathway. The impact of this Pathway is
a SAP score of 85 which is in the middle of the EPC B band. It is worth highlighting that the final
figure for tCO; is around 100kg per property using figures for the grid intensity in 2038. The
reason it is not actually zero is because all properties will require some heating, which even if
electric, will not be carbon neutral, and it is not possible to provide this electricity through on-
site renewables. In addition, the figure also actually takes into account some offsetting between

increased PV generation in the summer months against heating needs in the winter.

44.1 Pathway Summary

Summar
Properties affected Total investment
3,780,618 £97,956,740,000

Final average tCO2 (BEIS 2038)
0.09

Figure 44

4.4.2 Investment

Investment
‘Number properties <E5K Total investment
e 13,061 0.3% £97,956,743,616
u 20K Average investment
§ e £25,900
& 100K Maximum investment
0K £352,200
i = Investment gf:\‘ms of £1000 o o
Figure 45
_ Figure 45 shows the number of properties in each investment
13,061 0.3% group of £1,000 intervals. Figure 46 groups the number of
properties by larger investment intervals. If a maximum
[ESKTOET0K 1 £10K to £20K investment were set then these could be used to determine the
61363 1.6% | 1,115,914 20.0% numbers of properties that definitely miss the target.

£20K to £30K £30K to £50K
1,419,328 37.5% | 1,072,566 284%

£50K to £100K >E£100K
92,010 24% | 3,370 0.1%

Figure 46
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Table 9 has been ordered by Average Investment per property in each borough. The inner London
boroughs dominate the top of the table primarily due to smaller properties and a greater proportion
of flats. Multiple factors relating to the makeup of the housing stock in a borough will impact both the
average investment and final EPC score and CO, emissions. Some of these are discussed in Section
4.4.8. For this Pathway, virtually every property is affected.

Table 9 Borough Net Zero Target Results

Borough Total Average Total Final Final CO2
Investment Investment Investment Average (2038)
(Billions) Rank EPC Score
(1 -lowest)
City of London £0.15 £18,540 1 80.1 (C) 0.13
Tower Hamlets £2.57 £18,870 7 83.2 (B) 0.07
Southwark £3.23 £22,030 22 84.4 (B) 0.08
Sutton £3.23 £22,030 23 86.5 (B) 0.08
Islington £2.64 £22,310 9 81.9 (B) 0.10
Hackney £2.75 £22,330 12 83.4 (B) 0.09
Camden £2.95 £23,570 15 80.0 (C) 0.12
City of Westminster £3.33 £23,840 24 81.2 (B) 0.11
Lambeth £3.70 £24,290 28 83.8 (B) 0.09
Newham £2.97 £24,340 17 85.4 (B) 0.09
Greenwich £2.95 £24,590 16 85.1 (B) 0.09
Hammersmith & Fulham £2.33 £24,760 4 80.9 (B) 0.11
Wandsworth £3.88 £24,940 30 82.8 (B) 0.10
Lewisham £3.33 £25,110 25 85.9 (B) 0.08
Hounslow £2.69 £25,730 10 85.3 (B) 0.10
Barking & Dagenham £1.97 £25,760 2 86.0 (B) 0.08
Kensington & Chelsea £2.58 £26,250 8 78.8 (C) 0.14
Waltham Forest £2.90 £26,540 14 86.1 (B) 0.08
Brent £3.49 £26,560 26 85.3 (B) 0.09
Ealing £3.70 £26,586 29 84.9 (B) 0.09
Merton £2.35 £27,100 5 85.4 (B) 0.09
Haringey £3.20 £27,180 21 83.9 (B) 0.10
Croydon £4.42 £27,400 32 85.9 (B) 0.09
Hillingdon £3.12 £27,620 19 86.5 (B) 0.10
Enfield £3.51 £27,640 27 85.8 (B) 0.09
Richmond £2.49 £28,530 6 84.2 (B) 0.11
Bexley £2.84 £28,700 13 86.1 (B) 0.09
Kingston-upon-Thames £2.00 £28,870 3 84.7 (B) 0.11
Barnet £4.49 £28,900 33 86.1 (B) 0.10
Redbridge £3.09 £29,070 18 86.3 (B) 0.09
Bromley £4.18 £29,490 31 86.3 (B) 0.10
Harrow £2.74 £29,560 11 86.4 (B) 0.09
Havering £3.14 £29,620 20 87.3 (B) 0.09
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4.4.3 Investment by LSOA

4.4.

The sub-region maps below show the LSOAs that will require higher levels of investment with

darker colours indicating higher investment required. Some of this will be driven by absolute
numbers of properties.

£5M

= o
i esm

Figure 47 (clockwise from top left - West, North, East, South East, South West)

4  SAP Score

Figure 48 shows how the SAP profile changes from the current shape to one where all the
measures identified in the Interim Target Pathway have been installed. Table 4 provides the
resulting property numbers by EPC band.
There are two things to note:
e There are a number of peaks. It is expected that these relate to properties where
PV can or cannot be installed e.g. the lower peaks relate to ground and mid floor
flats.

e The average SAP score results in a mid EPC band B.

b
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SAP

Befare SAP in grey, After SAP in colour

s m Starting average SAP
628
” 02 69-80) @‘ Average SAP improvement
H e D) 217
\||\N|\
0.0M Ill“Lllllh....__ —
o 20 40 80 20 100 120
SAP Score
Figure 48
Table 10 Resulting Property Numbers by EPC Band
Resulting EPC Band Number of properties % of stock
A 602,586 16%
B 2,123,729 56%
C 949,486 25%
D 104,606 3%
E 846 <1%
F 17 <1%
G 0 0%

445 CO: & OtherKPIs

Below we also show the resulting CO, profile chart using the grid intensity predicted for 2038.

Figure 51 provides some other interesting KPIs related to the performance of the buildings
and impact on fuel bill cost.

CO2 After with future grid intensit

Resulting CO2 using 2019 grid intensit Resulting CO2 using 2038 grid intensit
20M Total tCO2 Total tCO2
1,832,599 M 356,600
1.5M
w "
2 2om
§ oM Average tCO2 improvement g‘,
& 279 &
o Final Avg tCO2
M
| T i
OM ||'> S e - om 5=
0K LS 10K 15K 206 % 5K L 4 158 20K
kgCo2 kgCo2
Figure 49
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.4.6  CO: Future Grid Intensities

CO2 Before and After using 2019 grid intensit

0.3M Total tCO2 20M Total tCO2
12,399,110 1,832,599
1.5M
i Average tCOZ2 improvement
2 i
- £ 279
E.-" E 1.0
% &
oM
‘|| o5M
200 .I ||||IIIII"IIII|:--.-...._____.. = S0k |II._ e e
[ 4 5K 10K 15K 20K 0K 5K 10K 15K 20K
kgCO2 kgCOZ

Figure 50

Heating Costs

Average heating £ improvement Maximum heating £

£261 £6,300

Fuel Bills

Average fuel £ improvement Maximum fuel £

£417 £8,340

Environmental Index

Final average E| Average El improvement
86,5 279

kWh & kWh/m2

Average kWh/m2 improvement Highest kWh/m2

Average kWh improvement Total kWh
13,227 8,070,126,000

153 335

Figure 51

4.4.7 Properties resulting with high CO:

The table below shows the figures for the number of properties that remain with substantial CO»
emissions after the Net Zero Pathway. The key takeaway is even the number of properties with greater
than 0.5 tonnes - currently that would be an extremely efficient property - is extremely small.

We have looked at the characteristics of properties remaining with over 1.5 tonnes and there do not
appear to be any common features. A few selected properties were reviewed and were found to be
extremely oversized. Our assumption is that some of the below will be very large properties, some will
have other quirks e.g. in shape, some will have data issues and some will be properties that have
essentially failed at having automated analysis, for example by having a measure applied that
subsequently blocks other measure being applied. This is to be expected with a dataset of this size
and we would expect most would have additional savings identified as action plans are developed in
more detail.
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Table 11 Number of properties by final CO2 emissions

Residual CO; >0.5t >0.75 tonnes >1 tonnes >1.5 tonnes >2 tonnes >3 tonnes
(2038)

No. Properties 35,149 29,171 23,988 8,800 1,048 81

% of stock 0.93% 0.77% 0.63% 0.23% 0.03% 0.00%

4.4.8 Trends by Total Investment

Further to this, we have looked at some key properties details for properties that fall into each of three
total investment groups — those requiring below £15,000 investment, those between £15,000 and
£35,000 and those over £35,000. These are shown in the table below with some commentary for each.
The analysis below will go some way to explain the variance between Boroughs in Tables Table 3 &
Table 9.

Table 12 Comparisons of different characteristics by required investment grouping

EPC Band
As you would expect, properties with lower baseline EPC scores will require more investment to bring
to Net Zero
Total Investment: Less then £15,000 £15,000 to £35,000 £35,000+
No. Properties: 530,913 ~14% 2,611,140 ~68% 683,565 ~18%
B || — — ——— . =
G F E D c B A G F E D c B A G F : ! B A

Property Age Band
Older properties tend to require more investment.

gk BIK O

K 'K 49" 0.35N D34M
35K 33K £h
,,,(
W0SM paTd BoTM BT [[—|M
I i ' R I M 000M 0.00M 0.00M
-.-I--- e S
€ L G H | L A R S

-\3._E‘EFLHI.'K

Property Type
Houses become much more dominant for the highest investment groups which will reflect the
larger size and more surface area.

House 28.62K —. Maisonette 0.09M — Flat 34.03K
‘ House 1.03M

Flat 1.49M —
Flat 476.34K House 587 49K
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Detachment (Houses only)
For Houses, the more detached the property, the higher the investment required. This will be driven
by the property size and external wall area.

EndTerrace

EndTerrace 39.83K
108,16K %

Detached
85 56K

Detached
291K

__ SemiDetached
247.23K

EndTemace
388K

MidTerrace
137K MidTerrace

559, 73K

=

SemiDetached

SemiDetached 311.98K
6.29K MidTerrace 213.93K —

Wall Construction
Solid walls dominate the highest investment group as the costs of external or internal wall
insulation will push the overall budget up significantly.

SystemBuilt SystemBuilt _ Cavity B1.48K —,
56.47K 0.15M ‘ ‘
SolidBrick __
105.93K solidBrick
1.47M
Cavity 0.93M SolidBrick
— Cavity 347.96K T 496.72K

Main Heating Fuel

Individual mains gas boilers as a heating source is so dominant in London that the key trend is
probably that properties with community heating and electric heating are higher proportions of the
smallest investment group, although this is probably a reflection of them being much more likely to
be flats.

Community = Electricity 0.32M Electricity 15.12K —

55.24K

Electricity
68.66K

\

Gas 407.46K —/ Gas 2.27M L Gas 571.04K
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449 Measures summary

The table below gives the high-level summary of measures employed in this scenario, and the following pages provide more detail on the measures
and their costs (materials and labour).

Table 13 Breakdown of the Pathway measures results by high level category

Value No. measures £47bn
(£ millions) (thousands)  cso0n £37bn
Fabric 37,169 (38%) 9,286 (55%)
Heating & Hot 47,186 (48%) 4,182 (25%)  t20bn s
Water
Photovoltaics 13,224 (14%) 3,178 (19%)  toon
Lighting 12 (<1%) 226 (13%) Fabric Heating and Hot Photovoltaics

Water

projects
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Table 14 Detailed breakdown of the Pathway results fabric measures

Fabric 9,286,464 measures Walls No. 3,413,879 Cavity No. 880,299 Cavity Insulation No. 597,891
£37,168M £4,002 average per £23,942M £7,013 av. £1,834M £2,084 av. £742M £1,241 av.
property Internal to Cavity No. 9,650
£127M £13,176 av.
External to Cavity No. 65,986
£748M £11,336 av.
Insulate Party Wall No. 206,772
£217M £1,050 av.
Solid No.1,967,704 Internal to Solid No. 564,428
£21,027M £10,686 av. £6,450M £11,428 av.
External to Solid No. 1,403,276
£14,577M £10,388 av.
System No. 96,028 Internal to System No. 25,702
£757TM £7,885 av. £179M £6,972 av.
External to System No. 70,326
£578M £8,218 av.
Timber No. 24,712 Internal to Timber No. 24,712
£232M £9,381 av. £232M £9,381 av.
Stone or Cob (Internal or External) No. 2,591
£29M £11,167 av.
Internal to Alternate Wall No. 442,536
£62M £140 av.
Roofs No. 1,600,165 Loft No.1,516,776 Virgin or Unknown No. 568,900
£1,608M £1,005 av. £1,081M £713 av. £477TM £839 av.
Top up No. 947,876
£605M £638 av.
Flat Roof Insulation No. 77,603
£513M £6,617 av.
Rafter Insulation No. 5,776
£13M £2,218 av.
Floors No. 1,752,288 Solid Floors No. 640,007
£3,698M £2,111 av. £1,373M £2,145 av.
Suspended Timber Floors No. 740,670
£1,383M £1,867 av.
Suspended Not Timber Floors No. 344,624
£761M £2,207 av.
Exposed Floors No. 26,985
£182M £6,738 av.
Glazing No. 1,480,200 | Double (A+and A++) No.1,100,129
£7,603M £5,137 av. £7,015M £6,377 av.
Secondary No. 39,123
£71M £1,808 av.
Triple (A++ Rated) No. 4,639
£47M £10,131 av.
Doors No. 336,309
£470M £1,399 av.
Draughts No. 1,031,832 Block Chimneys No. 400,567
£307M £298 av. £151M £377 av.
Doors and Windows No. 631,265
£156M £248 av.
Ventilation No. 8,106 Remove Mechanical Ventilation No. 8,065
£10M £1,207 av. £10M £1,200 av.
Add Mechanical Ventilation No. 41
£0.1M £2,573 av.

Table 15 Detailed breakdown of the Pathway results heating. lighting and PV measures
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Heating and Hot 4,182,051 measures [ Community Heating No. 76,681 Community Heat Pump No. 7,717
Water £11,283 average per property | £322M £4,200 av. | £322M £4,200 av.
£47,186M Individual Heating and Hot Water No. 3,613,451 | Heat Pump System No. 3,613,450 | Air Source Heat Pump No. 3,612,141
£44,541M £12,326 av. | £44,541M £12,326 av. | £44,515M £12,324 av.
Ground Source Heat Pump No. 1,309
£25M £19,431 av.
Solar Thermal No. 491,919
£2,323M £4,722 av.
Lighting 225,727 measures
£12M £55 average per property
Photovoltaics 3,177,793 measures
£13,224M £4,161 average per property
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4.5 NET ZERO EMPLOYMENT ANALYSIS

4.5.1  Existing Sector and Methodology

Please refer to Sections 4.3.1 and 4.3.2 for information about the current sector employment figures and our trades analysis methodology.

4.5.1.1 Average Trade Days for a 9 year programme to 2030

Figure 52 shows the number of different trades that would be required each year to deliver the Net Zero Programme over 9 years. In total this
programme would require 72,723 full time employees each year — standard building trades dominate. The charts also show how these are split
across trades.

programme FTE Tradespeop

FTE Total per year

72,723

® General Builders

18.31K

® |nsulation Specialists
Plasterers & Renderers
Carpenters

® Window Fitters

11.33K

® Electricians

® Heating Engineers

® Renewable Heat Specialists
® Retrofit Coordinators

e

m 3
m =]
o b=}

Figure 52

‘g E)r?) Jrel :Ct)é London Councils Pathways Report| 21 July 2021 66



In Figure 53 we present the programme delivery in terms of individual trade days and total trade years.

Trade days for the whole programme

3M
13M (8.33%) *2-1 5%) |

5M (3.05%)

— 38M (25.18%)

® General Builders

13M (8.7%) —. ® Insulation Specialists

Total trade
years

654.50K

Plasters & Renders

™ (0.9%) —— Window Fitter

3M (2.18%) —— ® Carpenters

@ Electricians
® Heating Engineers
® Renewable Heat Specialists

L
24M (15.58%) @ Retrofit Coordinators

LE 52M (33.92%)

Figure 53
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4.5,

2 2030 Completion Target

Similar to the interim target we have applied a 2030 completion target. For Net Zero, this is well within the UK Government’s 2050 target date. Below
we have shown the trades required to meet the target with an implementation trajectory that ramps up to a peak at 2030. Table 16 shows the figures
for the maximum trades required which occurs in 2030. In crude FTE terms the Net Zero target requires many more trades to achieve than the

Interim Target.

2030 Completion Target

a programme accelerating up to, and completing by 2030

Implementation Scenarios - cumulative % FTE by trades by year
100
200K
o
& 30
8 ® General Builders
a ) o «» 150K
= ® Insulation Specialists -
L
E 60 Plasters & Renderers s
5 Window Fitters >
g % 100k
a ® Carpenters g
f 4 @ Electricians E
= =
= ® Heating Engineers =
3
E ® Renewable Heat Specialists 50K
- ® Retrofit Coordinators
0 OK S d S .—.,. S paa=a SR e e e A A A e A e A e e e PP P rermrer I
2022 2024 2026 2028 2030 2022 2024 2026 2028 2030
Year Year
Figure 54
Table 16
Plasters & Window
Renderers Fitters
No. FTE at
49,433 66,602 30,592 4,286 1,769 17,084 5,996 16,366 4,223
the peak
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5 Ventilation note

Terminology:

Infiltration — uncontrolled air ingress or loss e.g. window and door draughts, fabric holes, open
chimneys, passive vents

Ventilation — controlled air movement e.g. removal of moist air from wet rooms through extractor fans,

trickle vents, humidity controlled passive vents

All buildings require a certain amount of fresh air to maintain indoor air quality. In many circumstances,
especially for older buildings, this is provided through infiltration and so also causes unnecessary heat
loss.

Many fabric measures applied to existing buildings will by design reduce the infiltration rate. In order to
maintain indoor air quality it is often therefore necessary to introduce additional controlled ventilation.
There are many solutions available, and the appropriate solution should be determined for each
building. Most solutions will not be excessively expensive.

It should be noted that most ventilation solutions will cause a slight increase in CO, emissions either
through heat losses or increased electricity use and as such will not be selected as part of our
automated solutions. Therefore, in reality there may be some additional measures and costs required
for some of the properties to provide adequate background ventilation.

The small amount of ventilation measures identified in our automated Pathways modelling is where the
software has identified energy intensive systems such as positive pressure systems whose removal
would decrease the modelled CO; of the property.

6 Regulated and unregulated energy note

Regulated energy relates to use from fixed building services and fittings only i.e. heating and hot water,
fans and pumps, ventilation and lighting. Unregulated energy relates to uncontrolled systems such as

refrigeration, washing machines, computing, cooking and entertainment devices.

Our analysis is only concerned with, and only takes account of regulated energy. There will therefore be
additional CO; associated with unregulated energy that is not included in the analysis. As the vast
majority will be electricity these will necessarily reduce in emissions as the grid continues to
decarbonise.

7
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7 Methodology

7.1 OVERVIEW

The work has consisted largely of:

e Producing a dataset for each property based on the data sources listed below.
e Analysis and computer modelling of the housing in London based on the data available.

The accuracy of the findings of this report is directly related to the accuracy and level of completeness
of the data available.

7.2 PATHWAYS MODEL

The Pathways model uses data about building characteristics and resident behaviour to derive an
accurate estimate of the annual energy and carbon usage of dwellings. It then applies an algorithm to
derive the cost, savings and payback of a very wide variety of possible carbon saving measures
tailored specifically based on their applicability to the individual dwelling and to the preferences and
requirements of the client. Costs can be based on dwelling characteristics (e.g. wall insulation can be
based on the sum of a flat rate and a per m? wall area) and so are realistically applied to each building
in turn. The cost rates are derived from our experience of carrying out the work, but can be revised for

any situation, for instance where a framework contract is in place for installation of measures.

In addition, the model and accompanying analysis allows custom initiatives to be applied: this
functionality allows any realistic change to a building to be modelled, and affords a great deal of
flexibility in allowing for future scenarios such as extensions or emerging innovative measures. The
calculations used by the model are based on RASAP 2012 which is the current version in operation for
generating EPCs.

Where details are unknown (e.g. loft insulation, heating type) assumptions are made based on
expected proportions of houses with a particular characteristic. Where possible, this is done based on
known statistics from the similar and/or surrounding stock. Where this is not possible assumptions can
be made using other data sources, or based on sensible estimates. The assumptions made for this

analysis are stated in the report.

Pathways produces estimated current fuel use for every dwelling considered in an area, in parallel with
estimated fuel use and typical installation cost for every energy/CO, saving measure that can be
applied to each dwelling. These model outputs can be used to derive cost savings, carbon savings,
paybacks, and so on. It should be understood that where the model outputs are based on
assumptions, they should be used primarily as a strategic tool as outputs for individual dwellings may
have limited applicability.

7
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7.3 DATA

In order to complete the analysis, we have populated a full RASAP data set for each property in the
borough, along with a few additional fields that allow for more granular application of measures e.g.

window type.

The data sources and there uses and relative coverage are given in the table below:

Table 17 Data sources used in the analysis

Source Key fields Coverage | Comments

Open EPC data Subset of RASAP fields ~40% The complete underlying RASAP
including Building Age, total dataset it's not available, but we have
floor area, key fabric types built a process to reverse engineer
and efficiencies, summary what is available to populate the
level heating type and potential options for the vast majority
efficiencies of RASAP data fields.

Postcode Address | Postal address 100%

File

Conservation Shape files of Conservations | 100% Used alongside OS AddressBase to

Areas areas determine whether a property is in a

Conservation Area.

OS Mastermap Footprint of each property 100% of Also used to select nearby properties
to inform floor area and standalone for cloning.
property type and properties
attachment.

OS Addressbase Location of each property 100%

LIDAR Provides a 3D representation | 100% of Informs storey height, roof area, roof
of an area at reasonable standalone type, roof pitch and PV suitability.
resolution properties

LSOA Defaults Age, wall type, wall finish, 100% at Informs which of the options
window type, house storeys, | LSOA level determined from the Open EPC data
flat type to select if they are included in the

options.

Once a RASAP dataset has been completed for each property with Open EPC data, the options
determined for each field are iterated five times and the corresponding SAP score compared to the
one know from the Open EPC data. The combination of options that is most close to the Open EPC

SAP score is then selected.

7.3.1 Data Confidence

Our methodology records a subjective confidence for each data point for each property. These can
be viewed with Pathways. Because of the nature of the methods used to populate the data,
properties in Pathways generally fall into two categories of confidence — those for which there was
underlying EPC data and those where there is no underlying EPC data.
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7.4 OVERVIEW AND EXPLANATION OF REPORT CONCEPTS / TERMINOLOGY

74.1

7.4.2

7.4.3

74.4

This section provides a brief introduction to some of the methods, concepts and terminology used in
this report, and in the underlying analysis.

SAP

SAP stands for Standard Assessment Process. It is a method for assessing the energy performance of
houses using a standard methodology specified by the UK government. The current version of SAP is
SAP 2012, and it calculates a 'SAP rating' as well as an estimate of energy bills and CO, emissions
associated with the estimated energy use.

The SAP calculations are based on building dimensions, construction (and therefore energy
performance) of building elements such as walls and windows, details of the heating and hot water
systems and controls, and any installed renewable technologies including solar PV panels. The
number and percentage of low energy light fittings is noted, but the calculations do not take note of
other electrical appliances and actual occupancy and heating usage (temperatures, heating hours,
hot water usage etc.), or actual fuel tariffs (standard typical energy prices are used).

A SAP survey is a relatively time consuming process (perhaps 2 hours work), and is usually only
required for new build housing etc.

RASAP

RASAP is the method used to produce Energy Performance Certificates (EPCs). RD stands for
Reduced Data, and the method is designed to allow surveys to be completed more quickly and
therefore more cheaply than a full SAP survey at some cost of accuracy. The reduced data survey is
extrapolated up to full SAP level data using a standard set of rules before SAP calculations can be
conducted. The current version of RDSAP is 9.93.

Link between SAP score and fuel bills

The SAP score is a number, nominally between 1 and 100, which is calculated using a slightly
abstruse algorithm which takes as inputs the floor area and estimated fuel bills. The SAP score is
divided into rating bands which are used in EPCs. A higher SAP score is better than a lower SAP
score, and a typical Registered Provider currently has a SAP score around 70. [Note: it is theoretically
possible to have a SAP score above 100 if energy bills are negative (e.g. if exported energy fees

exceed bills for energy used.)]

General Approach

Throughout our analysis we have used RASAP as the basis for our calculations of SAP score, CO»

emissions and fuel bills.
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8 Appendix A — Large version figures

SAP
No. properties by SAP band Band Range % 200K
= | 62.83
Al AP 00 150K Average SAP Score
B 95,764 B 81-91 2.5% E 45.08
C 1,043,763 ¢ 69-80 27.6% né_ 100K | 95% above this score
D 5568 50.9% < 33.08
D 1,926,657 - .
E 39-54  17.0% 50K | 99% above this score
E 644,653 i
F 21-38  1.6% ‘m
F § 58836 P l AN
G 0-20 0.3% 0 50 100
G | 11,783

SAP Score

Figure 55

El (Environmental Impact)

No. properties by El band
Band Range %

100K 58.61

A 233 A 92 Plus  0.0% Average El Score
B 182,570 B 81-89 48% 2 3781
c 747,657 C 69-80 19.8% E 95% above this score
D D 5568 362% 5 I | 27.88

i 99% above this score
E 1,268,645 E 39-54 33.5%

F 21-38 5.2% i
F 0K —
& G 1-20  04% -50 0 50 100 150
El Score
Figure 56
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SAP and El by property type

Average SAP Average El

51

Flat Maisonette House Bungalow Flat Maisonette House Bungalow

Figure 57

CO02 profile Grid intensity projections kgC02e/kWh
— 08 “gisi1g
100K :
. Average tCO2 in 2019
£ 3.01 G
g Average tCO2 in 2038
: R 7 02 0.105
- Figure 95% are below : 0.083 0.041
0.0 028
0K SAP SAP BEIS BEIS BEIS BEIS
0 15 20 2012 10 2025 2030 2038 2050

Figure 58
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Fuel Bills & kWh/m2

Fuel bill profile kWh per m2 profile

60K £832 30K | 182

Average fuel bill Average of kWh/m2
m £1,455 " 289
2 40K | Figure 95% are below = 20K Figure 95% are below
= =
a a
S 20K 2 10K
OK v - OK __- ——— e e e
£0K £1K £2K £3K £4K 0 500 1,000
Fuel Bill (log scale) kWh/m2
Figure 59
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CO: segmentation

Average tCO2 by property type

@ 2019 Intensities ®BEIS 2038 Intensities

~
.
o~

A: Pre-1900

B: 1900 - 1929
C: 1930 - 1949
D: 1950 - 1966
E: 1967 - 1975
F: 1976 - 1982
G: 1983 - 1990
H: 1991 - 1995
1: 1996 - 2002

J: 2003 - 2006

K: 2007 - 2011
L: 2012 on

Bungalow = 115K

Flat

2.15

<
<
=

House

Maisonette 317K

Total tCO2 by construction age band

Average
8 394
c 3,428K 4.05
D 1,373K 3.08
E 267

2.36
204
201
1.82
1.35
1.38
145

- = T O =

Total tCO2 by property type

Average

401

215

467

2.76

Total tCO2 by tenure

Unknown

7,430K

RentedSocial 723K

RentedPrivate 1,341K
OwnerOccupied 2,904K
(Blank) = 2K
Figure 60

Total tCO2 for houses & bungalows

by attachment
Average

Detached . 1.0M
EnclosedEndTerrace | g.0M 2.60
3.06
414
415
4.98

EnclosedMidTerrace

0.0M
EndTerrace 0.6M
MidTerrace 33M
2.9M

SemiDetached

Total tCO2 by Conservation Area
Average

33
Y 2,313K
2.36

2.80 Unknown 472K 2.85

3.88
N
3.06

Average

‘parity
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No. Properties by tCO2 2019 and Property Type

Bungalow Flat House Maisonette
8 44 !
8,426 =
173 Average Average Average Average
6 4.01 2.15 4.67 2.76
= 3,099
> = E— i
2 = = |
o = 1677 ————— W £ 2,509
2 797 [ i _ee= B
e — | =
= @ ———a =
5 -~ - =—__ § 5612
=980 = F
4 |
" 27 u
1
No. Properties No. Properties No. Properties No. Properties

Figure 61
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Property Age & Tenure

Property age (main building)

No. Properties by Tenure

A: Pre 1900 490,880  Predominantly solid brick or stone until 1930s
B: 1900-1929 840420 Unknown 2,247,699
C: 1930-1949 846,118  Cavity walls became the standard RentedSocial 305,802
D: 1950-1966 446,588  System builts are common RentedPrivate 478,780
S E: 1967-1975 271519  System builts are common OwnerOccupied 748,589
& (Blank) = 607
- F: 1976-1982 126229
G: 1983-1990 160,781  Cavities are built with insulation from this point on
H: 1991-1995 96,942  Age bands from here reflect updates to Building No. Pruperties by Conservation Areas
Regs
I: 1996-2002 138,300
J: 2003-2006 114,764 N
b 640,318
K: 2007-2011 113812 il
cC D F G H | J K L nknown 165,762
5 L: 2012 onwards 129.124
Age Band
Figure 62
Table 18
Socially Rented (8%) Privately Rented (13%) Owner Occupied (20%) Unknown (59%)
g e 2
f - ° — pf o
1 A M
= 3 m f
= =
R
@
R
: ., 5 Ex
g o B 2o g
(] Lt o ﬁ
=
D E F G H I } K L A B C D E F G H I J K L E F G H I J K L A B € DE F'6@ H IL 3 K L
Age Band Age Band Age Band Age Band
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No. Properties by Construction Age Band and Wall Construction

A: Solid Brick B: Cavity C: System D: Timber Frame E: Sandstone, Granite, Whin...
A 8,026 1,837 7,007 1,560
B 20,404 2,358 9,041 756
C 682,474 147,806 10,454 4,998 386
D I 97,036 293,154 52,619 3,625 154
2
g E 15.319 208,365 47,595 6,181 59
=
< F 4,743 105,455 9,444 6,560 27
| =
o
'g G 5147 133470 5,255 16,877 32
@
= H 3,443 81,235 3,299 8,918 47
(&}
| 7,919 99,488 17,814 12,981 98
J 5,038 65,001 I 34,363 10,301 61
K 4765 81,356 21,567 6,092 32
Total Total Total Total Total
L 2,156 120,045 5111 1,804 8
2,108,352 1,363,850 211,716 94,394 3.220
Figure 63
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Property Type
Property type

3.0% —

Property attachment (non-flats)

MidTerrace -

Flat & maisonette locations

636,314

607,719

Flat SemiDetached 598,698 5 £
' W oc® ©
\1‘"& ﬁ‘ﬁ% oo“b%"e&
House EndTerrace 175,436 €]
181,780
Maisonette § 114,627 Detached 151,446
A= 52.8% Bungalow 28696 EnclosedEndTerrace 10,401
& D ad ad® W R &
EnclosedMidTerrace | 4,962 X *000 ° - 3 SN ) G'LQ <&
" & 0 o &
6’:5\ ,\4\'\\.0 S} %
Figure 64
Table 19
Socially Rented (8%) Privately Rented (13%) Owner Occupied (20%) Unknown (59%)
Flat Flat House Flat
House 85,479 House 145,406 Flat House
Maisonette 24,940 Maisonette 31,079 Maisonette Maisonette | 21,170
Bungalow | 3738 Bungalow 3,219 Bungalow | 18958 Bungalow 2781
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Walls

Wall construction

%
6% -%"° Solid Brick

Cavity

1,363,885

System : 211,717
36% — . Timber Frame W 94,397
Sandstone
Granite
Cob

Figure 65
Table 20

Uninsulated walls

2,030,953
55,573
04,295 1,483 1,134 129
%{@.‘- cb“;‘\.c” ‘,@6\ {d@e x0°a b{\\\e ®
i\b (9"! (Q (\é" (9‘
o &P

<

Socially Rented (8%) Privately Rented (13%)

Owner Occupied (20%)

Unknown (59%)

3% — 5%—3\9""\

1% —,

35% —
— 49% 36% ——

~569

6% 4%

36% —
et 1
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Are walls insulated?

Wall insulation type Log scale
o 11% —
FilledCavity 264,403 Uninsulated
Internal 42,569
External 19,861 Insulated
FilledCavityPlusExternal 614
FilledCavityPlusinternal 44
4 > Part Insulated | 0.1M
Unknown I 4
L 913%
Figure 66
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Roofs

Insulation location

1,370,155

672,924

140,243
39,123 97,659

)
\s(\ \\(\g 0(‘) 0(\0 '\‘}‘, Oo
0&00 .’ & Wy ((\7,8‘
Q\
(7\0

Floors

Loft insulation

None
mm12
mm25
mm50
mm75

mm100
mm150 197,064
mm200 169,918
mm250 142,904
mm270
mm300
mm350
mm400
Unknown
AsBuilt

104,708
111,304

400,694

35,194
85,122

166,261

Figure 67

Flat and vaulted roofs

Nolnsulation | 3
mm100 9,369
mm150 5163

Unknown | 1,215

AsBuilt

Floor construction

Solid

Floor insulation

Insulation thickness where present
(log scale)

mm50

SuspendedTimber 821,666
mm100 6
22,054
SuspendedNotTimber 522,424
Unknown 5
905
Unknown mm150 4
Figure 68
arit .
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Floor exposure (log scale)

GroundFloor 2,263,895
SemiExposedToUnheated 23,493
ExposedFloor 17,230
SemiExposedToPartHeated 9



Window type Multiple glazing proportion

0.0%— — 00%

Single 511,714 Not Defined | 1
Secondary § 76,995 Single - 511,714
Mainly Single . 187,568
Some Single 363,193
Secondary I 27,509

Double but age unknown 1,086,777
Double before 2002 1,014,120

Triple 129,531 Triple l 128,517
Figure 69
Doors & Draughtproofing
No. uninsulated doors per property Draughtproofed doors & windows % 0-10

11-20 51,150

21-30 [l 46833
31-40 @ 45657
1 2,110,973 41-50 [ 71,880
51-60 { 38775
2 1,670,480

61-70 | 42,958
71-80 67,521

81-90 92,733

91-99 E 63,868

Figure 70
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Main Heating

Heating System

A 87.2%

Heating fuels (log scale)
3320405

408,655

77315

Gas

Electricity Community Liquid Fuel

Boiler efficiency band

Log scale

Boilers 3,002,087

Storage heaters

Room heaters

Community 17.315

Electric underfloor 25,216
Warm Air (not heat pump) 16,948
Heat pumps (wet) 13,081

Heat pumps (warm air) 5,439

Other systems 288,671
- 29,763
None 1 1,301 597 64 3
G F E D B A

Electric heating systems

Storage heaters

Room heaters 136,189
Boilers

Electric underfloor

Heat pumps (wet)

Warm Air (not heat pump)
Heat pumps (warm air)

Solid Fuel Other systems

Figure 71
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Secondary Heating

Secondary heating fuel Static or portable
None
Electricity 351,449
Gas 346,003 Static 567,046

Solid Fuel 131,979
Portable 262,910

Liquid Fuel | 525

Figure 72
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Hot Water

Hot water type Hot water fuel (log scale) Cylinder insulation thickness
Malns_G_as 3,252,088 mm160 ‘ 57
Electricity 426,722
Community Mains Gas mm120 | 29
LPG (bulk)
Community Oil nmed 51,476
LPG (bottled) mm50 120,346

LPG (special condition)
Community Electricity 3,430
Community LPG 2,325 mm25
Community B30D 2,100
Community Waste Combustion 1,721
Community Coal 1,208
Oil 1,092
Community Biomass 955 Cylinder insulation type
358,153 Community Biogas : jl 515
54873 Vegetable Oil Biodiesel | 506
Community Biodiesel 384
Community Bio or Mineral Oil
Community B30K 141
Smokeless Coal 38
House Coal 30
Coal & Wood 22
Wood Chi.ps 15 L 283,199
Anthracite 7
Wood Pellets (Bags)
Wood Logs 4
Figure 73

mm38 168,532

151,550

mm12

Log Scale

Foam

None

vl
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Photovoltaics

Number installed

4kWp +

3.5 to 4kWp
3 to 3.5kWp
2.5 to 3kWp
2 to 2.5kWp
1.5 to 2kWp
1to 1.5kWp

0 to 1kWp

Total kWp
3,837,177

Potential

3,834,487

Installed

2,690

Figure 74

Number installed & potential

4kWp +

3.5 to 4kWp
3 to 3.5kWp
2.5 to 3kWp
2 to 2.5kWp

1.5 to 2kWp

72,672
118,488
170,653

321,744
247,320

1to 1.5kWp 449,830

0 to 1TkWp

0

parity

projects
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Flood Risk - contains public sector information licensed under the Open Government Licence v 3.0

Flood risk (log scale)
3,211,985

479,138

30,423

2,170

None  Very Low Low Medium High

The map shows the number of = &) % * 7,
Medium and High per postcode. FehemOR Thanes f 2

Esher
= /J
The size of each circle is proportional L

to the number of properties. Ep” Banstead J
I’ Bing / m © 2021 TomTom, © 2021 Mi tion derms===e

Figure 75
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Fuel Poverty Risk - based on Government published data drawn from English Housing Survey

The number of filtered properties that are located in LSOAs with the stated Fuel Poverty Risk %. For example ~ 1.842.918 properties are in an LSOA that has over

10% to 15% of the households expected to be in fuel poverty. N.B. if your properties are only a subset of the properties in the LSOA then you should not expect the % risk to
directly apply to your properties as they may not be representative of the LSOA.

Chesham Y A \! Cheshiint Epps

Toar 3
®ok

15% to 20%

522,338

10% to15% Band

1,828,906

Northfieet
Gravese!

5% yo 10% Band wanon-on.mme‘sr A

) » o B
Less than 5% Band = (BB fsead™ |
55 366 Woking o \ : ) © 2021 TomTom, 2021 Microsoft Terms
: ’

Figure 76
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9 Appendix B Additional Analysis carried out by Parity Projects, Etude, RAFT & Elementa
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London Retrofit Action Plan | How to translate the ambition in the right metric2

It is crucial for the metrics used on this project to Would the metric incentivise..
reflact its strategic objective: addressing the climate
BMEngency.
} -.. reduction of .. reduction of —. reduction of ... ENEEEeEment with
Unfortunately, the EFC bond and the SAP score are Mj:": carbon emissions? energy use? Energy costs? COonsumers?

energy cost indicators. Using them as a metric for
energy effidency or carbon emissions is not

appropriate. EPC band or SAP Score

x — " —
[4-G] o [0-100]
The odjocent table summarises some of the mefrics
which could be used and what they would incenfivise.
[t is chear that a single metric cannot drive all Space heating demand . 7 7 X
required objectives. [kwn/m?yr]
We therefore recommend the selection of more thon
carbon [long term)
one. o — — —
[kgooy/m?/yr]
Total energy use
— o o o
[kwhymfyr]
Regulated energy use
~ o o X
[kwhy/mfyr]
. @
ﬁEIudE ASELEMENTA HAF | .p.]rql:y TIOR8 | Al AP | bumT1 | B 1
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Why the use of an EPC metric can be misleading

These examples illustrate how the use of an energy
cost metric (EPC band or SAP score} con be Ermissions (kgCO, fyear]
misleading.

It is o paorticular issue for addressing one of the key
challenges associated with the climote emergency:
the decarbonisation of heot. One of the most
important challenges for Zero Corbon Londan is to

phase out the use of gas boilers gradually, starting

as guickly as we can. 2020 2030
(105 Ernigtion Mate with 2020 Emisalon Rate with 2050
If we vse o metric which does not encourage thor Pesiing | Rating AP Figeres (C0'pese]  Propections (koOyfyear]
{e.g. EFC bond, SAFP score, spoce heating demand], Simgle stor ey 100m” with gas heating
and bot water. Buldeg Begulibons | Al93} 1685 1734
it is crucial that the proportion of gas boilers is fabric standards. 1.5KWp of FY
monitored with the aim of it reducing steadily. L'ﬁf;’m‘;":m“ " - s i

fabre ieandaide Mo Py

EFC Bond Crverall Bnergy

Cemand
[k'Wwh,year]
Baseline D (58] 24,249
Energy Efficiency Measures C a9 16,458
Add ASHP D (&3 7425
ﬂEtude AELEMENTA  HAFT ‘p.‘hr_llr TG | i 84T | T | Bl ]

7
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London Retrofit Action Plan | Recommendation 1

W would recommend vsing 2 key mielrics and 4
indicators.

1. The first metric will nform choices on how fo improve
the energy efficdency of the building stock in London.
For this, space healing demand [kKWh/m?/yr] is the
best metric.

2. The second metric will inform choices on the
decarbonisafion of heat and the installation of sclar
F¥s on roofs. Predided fulure carbon emissions
[leg €O, /m yr] ' will be o suitable metric for this.

The other recommended indicotors are:

* The EPC bond [A=5] or the SAP score [0=100] as an
indicater of energy costs and therefore risk of fuel
poverty.

* The tolal energy vse (gas and electricity) of the
dwelling [kKWh/m?/yr] as it con easily be checked post-
retrofit and is becoming a key indicator in the industry.

* ‘Whather the dwelling vses gas [yes/no] as it is a key
marker.

*  Venfilation quality [1-4] to ensure that insulation and
airfightness improvements are accompanied by

adeguate venfilation.

WYetude AELEMENTA RAF T B0t

§ parity

projects

EPC band |
SAP score

[A-E]

Space heating
demond

[h,/m? ]

Total energy
wse (EUD)

[Wh/m? ]

Future carbon

EMIssions

kg CO,/m?/yr]

Yentilation
quality
[1-4]

Gas use

[res/na]

! This should be codouloted wsing fle projected carbon focfors for gas and efecfricify poblished by BEFS. If would ideally be fhe oomslaffre emissons
aver the period 2022-2050 overaged over o year buf if could also be fhe foremsted emissians for o porfioulor yeor (g, 2030 or 2038)

London Councils Pathways Report | 215" July 2021
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London Retrofit Action Plan | Recommendation 2

Wi would also recommend vsing o Met Zero compliont
scenario and a budget limited target vsing the same
mefrics but higher (less ambitious) tangets.

Energy efficiency Heat decarbonisation and

renewable energy

Spacc haoding
Net Zero Caorbon scenario e

eeh i

Spoce heoling Fulure carbon
Interim (less ambitiows) d d s
eman emissions
SCEnario
[kwWh,/myr]
o
Etude  AELEMENTA RAF | B s | Lo | i (8]
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London Retrofit Action Plan | Which requirements?

Parity Projects have modelled some scenarios on o saomple
of properties in ‘Waltham Forest to help us determine what
combination of spoce heofing demand ond prediced
future carbon emissions would work best to form the Met
Zere Carbon scenario or the alternative scenario, and
deliver an average EPC B.

Parity Projects have modelled 3 variations of ead to give
& scenario combinations, ond then another 3 scenarios with
dwellings split in several franches.

The objective is to dhoose two sets of requirements.

WYetude AELEMENTA RAF T ‘p_nrilr

§ parity

ptojects London Councils Pathways Report |

Energy efficiency

Space heating demand

25 K'Wh/m? fyr
[average]

Heat decarbonisafion
and solar PVs

Carbon emissions [long
term, e.g. 2038)

Energy cosis

EPC
[or SAP score)

&5 kKWh/m2 yr

[overage]

35 kWh,

[awerage]

21 July 2021

Hats 1 +Z20, Bungalows
1.5 tC0y Howsas 2 tC00,

Met Zere Carbon

96

properties)

EPC C [gverage for all

propertias)

EFC B [minimum for all

propertias)

DOGD0EET | et BAP | b 2T | Bl

EPC B [overage for all
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London Retrofit Action Plan | Recommendation 3 | MNet Zero scendario

For the Met Zero scenaric we recommend fargefing:

a) A medivm space healing demand of 65 kWh/m?/yr

on average in order fo improve energy effidency.

b} Mat Zero emissions in order to identify what would
be required and by when)

c} An EPCE (overage ocross all properfies)

£ : e
ﬂEIudE‘ M-ELEMENTA RAF T .parul::r

London Councils Pathways Report |

Energy efficiency

Space heating demand

Heat decarbonisafion
and solar PVs

Carbon emissions [long
term, e.g. 2038)

Energy cosis

EPC
[or SAP score)

25 K'Wh/m? fyr Flats 1 tC0, Bimgalows EPC C [average for all
[awerage] 1.5 120y Howses 2 120, properties)
&5 KWh,/m? fyr mﬂ% EFC B [overage for all
(average) Houses 1.5 100, propertias]

35 kWh,

[awerage]

21 July 2021

Met Zere Carbon

97

EFC B [minimum for all

propertias)

DOGD0EET | e BAP | e 21 R




London Retrofit Action Plan | Recommendation 4 | Interim [ Less ambitious scenario

For the interim,/less ambitious scenario we recommend
targeting:

a) A medivm space healing demand of 65 kWh/m?/yr
on average in order fo improve energy effidency
CMLY FOR 50% OF DWELLIMGS

b} Met Zero emissions OMLY O 30% OF DWELLINGS

c}  Minor improvements to the remaining 50%6 of

dwaellings

d} 4An EPCE (overage across all properties)

g o
ﬂEIudE M-ELEMENTA RAF T .paruir
pa rAI ty London Councils Pathways Report |

Energy efficiency

Space heating demand

25 K'Wh/m? fyr
[average]

[awerage]

21 July 2021

Heat decarbonisafion
and solar PVs

Carbon emissions [long
term, e.g. 2038)

Hats 1 +Z20, Bungalows
1.5 tC0y Howsas 2 tC00,

e of dwellings onhy

Met Zere Carbon

98

Energy cosis

EPC
[or SAP score)

EPC C [gverage for all
properties)

EPC B [overage for all
propertias)

EFC B [minimum for all

propertias)
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London Retrofit Action Plan | 1 | 95 kWh/m? heating demand + Flats 0.75 1CO., Bungalows 1, Houses 1.5

£935 Millien

Average Investment £17,.200
Mean SAP 7acC
Mean 2038 1CO2 0.369
Mean kWh per m2: 38
-n: PreAdizard Post-Wizsnd
i = :’.‘ currant acore i-imzplun
i LIGE
T i coezan
59-\"'_:'- I {55-55]
1 qaesay
A= i rizim
Boiram
250 =
2001
150
0
] il
A I——— 1111 AN
. : (ORI

e by

ﬂEtudE V-ELEMENTA RALFT ‘Dﬂ-r_ll:r FOGLORN. | Lodlpd) | deii)

projects
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London Retrofit Action Plan | 2 | 95 kWh/m? heafing demand + MNet Zero Carbon objeciive

£127 Million
Average Investment £22 800
Mean SAP 84 B
Mean 2038 1CO2 0.105
Mean kWh per m2: 29
i 1 Er=Airard Fasy s
E T — 1|l|.|_up|uq
E IR
%5 £ I cimns
4 D chi-ali
L possn
153 | R
1 | ERELT
{111}
i ’ |
1] L X 2% X n E &1 L ] ! L] a n re | a [ 1 o " 1 ik {2=]
o ﬁEIudL‘ TSELEMENTA HAF T ‘p.mr_-w TOOOORME | Motk Bl | i)

projects
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London Retrofit Action Plan | 3 | 65 kWh/m? heating demand + Flats 0.75 1CO., Bungalows 1, Houses 1.5

£123 Million
Average Investment £22 700
Mean SAP 74 C
Mean 2038 1CO2 0.229
Mean kWh per m2: 36
i - Pre-wirard PostWirard
5 EubrehL SEores. Innnymu
a8 femay
kS | copoany
40 - J- O (95-8E)
[ eposn
150 I riziay
 ETRE
2300
254
360 ]
180+
ﬁ- ‘I
ol | |
B85

1% LL] 0 15 0 35 Ao 45 =0 55 L] 55 T 5 LU 90 s 104 s

ﬂEtude "CELEMENTA R A | i ‘pﬂ-r_llr WIHLGAE | i A | 3T | Bl ]

projects

7
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London Retrofit Action Plan | 4 | 65 kWh/m? heating demand + MNet Zero Carbon

Average Investment
Mean SAP 6B
Mean 2033 tCO2

Mean kWh per m2:

of giopaning

satnl

#
]

230+

£157 Million
£28,200

0.064

Pra-Wizard Post-Wizard
CUSTENT SCETES I A (02 plus)
I ezrsny
| cieman
0 (55-64)
[ Ersesa
| EF
| B

mnnhn.lh..,..

ﬂEtude V-ELEMENTA RALFT ‘p.‘.r-w

/
‘parlty
projects
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London Retrofit Action Plan | 5 | 35 kWh/m? heating demand + Flats 0.75 1COs, Bungalows 1, Houses 1.5

£164 Million
Average Investment £29 000
Mean SAP f6cC
Mean 2038 1CO2 0.363
Mean kWh per m2: 38
13 Pre-Wizard PostWizard
g 2 current seores | 4092 plug)
L Tomien
0 | coonan
& o (8560
= e
¥ (21.38)
0 Icn-:ur
7504
w1
e

m-
155
100 ~
51 -
o B - TR - -

ﬂEtude "CELEMENTA R A | i ‘pﬂ-r_llr WIHLGAE | i A | 3T | Bl ]
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London Retrofit Action Plan | 6 | 35 kWh/m? heafing demand + Met Zero Carbon objeciive

£208 Millien
Average Investment £37 400
Mean SAP G5B
Mean 2038 1CO2 0.07
Mean kWh per m2: 20
JE: PrWizard Pont-Wirard
asa{ % current scores. [ 192 phusy
. Beimay
a0+ I coeoam
5 O [55-5E)
3540 [ Eansy
I rizom
3004 B
2% 4
200 4

|
U I 111111 ;_,.m|,|H, h”||||ul||||h..,...

TS OB 85 B0 4 100 fA 110 118

ﬂEtude V-ELEMENTA RALFT ‘p.n_.:r OB | el RIS | Iy 31

v
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Summary

Fabric 0, Target Average Investment Average CO, Resulting SAP
Intervention

1 | 95 kWh/m? | 1-1.5 | £17x 0.349 75¢C

3 | 65 kWh/m? | 115 | £23k 0.229 74 C

1.5 £30K 0.363 76 C
£23K 0.105 848
£28K 0.084 868
£37K 0.070 888
Etude  AELEMENTA RAF | ‘pﬂr!w S
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London Retrofit ActionPlan | 7,8,9, 10

I've split the 5% of Waltham Forest into 10 random equal groups. These have then been freated differently vnder 3 new
scenarios, with the existing no. 4 scenario as the ultimate one. Each scenario has the properties treated in 3 different franches os

below:

Tranche 1: X% aiming for SAP 75 no heat pumps, no solid wall insulation, no community heating system changes
Tranche 2: Y% aiming for 65 k'Wh,/m2 heating demand (middle scenario)
Tranche 3: 2% aiming for 65kWh,/m2 heating demand oand then Met Zero [no gos)

Later scenarios have progressively more of the fabric and then the “fabric and net zero” tranches applied. No. 4 has all

properties in Tranche 3 and none in the other.

The idea is that the 78,9 scenarios form various levels of success on the road to the final Net Zero scenario, whilst also allowing

for heat pump supply chains to be built up.

The interest result is that all 3 scenarios result in an average SAP B

. @
ﬁEIudE ASELEMENTA HAF | .parq:y TIOR8 | Al AP | bumT1 | B

praojects
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London Retrofit Action Plan | 7 | 80% Small improvements, 10% Fabric, 10% Fabric + Net Zero

Tranche 1: 80% aiming for SAP 75 no heat pumps, no solid wall insulation, no community heating changes
Tranche 2: 10% aiming for 65 kWh/m? heating demand (middle scenario)
Tranche 3: 10%; aiming for 65kWh/m? heating demand and then Net Zero {no gas)

£47 Millien [£27M : £6.5M : £13M]

Average Investment £9,300 [£6,700 : £13,100 : £25,000]
Mean SAP 818
Mean 2038 1CO2 1.97
Mean kWh per m2: 114
] inor I et
| e
I € e E180 E£30,0:00

s | LT

Er.m-u ]E“' E1ED Forges
i & ARULE
bt fanm E1aD i
- £ ET2n £20,000
: £100
L = A E15,000
£80
1 Il £60 £3,000
4
.d [ L e o
[ i E5,000
J | |||] | E
il I.l“l £ E0 ED
e LT T i i

I
Fabric MetZemn

1315

il

T r .
B B PR & & W W W B MW

M Total Investrent (&Ft) B Per Proger by iight|

. .Ji”lll....,.

o
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London Retrofit Action Plan | & | 50% Small improvements, 20% Fabric, 30% Fabric + Net Zero

Tranche 1: 50% aiming for SAP 75 no heat pumps, no solid wall insulation, no community heating changes

Tranche 2: 20% aiming for 65kWh /m? heating demand only
Tranche 3: 30%; aiming for 65kWh/m? heating demand and then Net Zero {no gas)

£735 Millien [£17M : £13M : £45M]

Average Investment £14,600 [£6,700 : £13,100 : £27 700]
Mean SAP 818
Mean 2038 1CO2 1.45
Mean kWh per m2: 92
[ Fre-vuad e maed I
- R o
__1 I;-I:-: " E180F E30,000
= b, M. E160 .
| [ EXS 00
ot fonm F140
o =t JE10 £30,000
e =
EETDD £15,000
i s EBD
| £ED £40,000
| | £An [
il ) £5,000
wll s o
il = ED ED
% . S R R % *——':'J!—' i ‘Hll:l._l“.'!"'.“."“:;‘- = BAL  Fabric  MetZem
| l B Total Investment (I21t) 8 Per Property {right)
Il .
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London Retrofit Action Plan | @ | 20% BAU, 30% Fabric, 50% MNet Zero

Tranche 1: 20% aiming for SAP 75 no heat pumps, no solid wall insulation, no community heating changes

Tranche 2: 30% aiming for 65 kWh/m? heating demand

Tranche 3: 50% aiming for 65kWh/m? heating demand and then Net Zero {no gas)

£102 Million [£6.6M : £19M : £76M]

Average Investment £19.500 [£6,500 : £13,100 : £27 700]
Mean SAP 818
Mean 2038 1CO2 0.99
Mean kWh per m2: 72
wed § il [inded :
s Fomes E180
ax | I:::::- J]”, ki EAS0
i Jemim E140
] ~i= ., E120
' & EmD
E £an
[ £60
) | £40
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London Retrofit Action Plan | 10 | 0% BAU, 0% Fabric, 100% Net Zero (Similar us Scenario 4 previously)

Tranche 1: 09 aiming for SAP 75 no heat pumps, no solid wall insulation, no community heating changes

Tranche 2: 0% aiming for 65 kWh/m? heating demand (middle scenaria)

Tranche 3: 100% aiming for 65kWh/m? heating demand and then Net Zero (no gas)

£157 Million
Average Investment £28,200
Mean SAP o B
Mean 2038 1CO2 0.08
Mean kWh per m2: 24
et micrg
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London Retrofit Action Plan | Recommendation 3 | MNet Zero scendario

For the Met Zero scenaric we recommend fargefing:

a) A medivm space healing demand of 65 kWh/m?/yr

on average in order fo improve energy effidency.

b} Mat Zero emissions in order to identify what would
be required and by when)

c} An EPCE (overage ocross all properfies)

£ : e
ﬂEIudE‘ M-ELEMENTA RAF T .parul::r
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Energy efficiency

Space heating demand

Heat decarbonisafion
and solar PVs

Carbon emissions [long
term, e.g. 2038)

Energy cosis

EPC
[or SAP score)

25 K'Wh/m? fyr Flats 1 tC0, Bimgalows EPC C [average for all
[awerage] 1.5 120y Howses 2 120, properties)
&5 KWh,/m? fyr mﬂ% EFC B [overage for all
(average) Houses 1.5 100, propertias]

35 kWh,

[awerage]

21 July 2021

Met Zere Carbon

111

EFC B [minimum for all

propertias)
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London Retrofit Action Plan | Recommendation 4 | Interim [ Less ambitious scenario

For the interim,/less ambitious scenario we recommend
targeting:

a) A medivm space healing demand of 65 kWh/m?/yr
on average in order fo improve energy effidency
CMLY FOR 50% OF DWELLIMGS

b} Met Zero emissions OMLY O 30% OF DWELLINGS

c}  Minor improvements to the remaining 50%6 of

dwaellings

d} 4An EPCE (overage across all properties)

g o
ﬂEIudE M-ELEMENTA RAF T .paruir
pa rAI ty London Councils Pathways Report |

Energy efficiency

Space heating demand

25 K'Wh/m? fyr
[average]

[awerage]

21 July 2021

Heat decarbonisafion
and solar PVs

Carbon emissions [long
term, e.g. 2038)

Hats 1 +Z20, Bungalows
1.5 tC0y Howsas 2 tC00,

e of dwellings onhy

Met Zere Carbon

112

Energy cosis

EPC
[or SAP score)

EPC C [gverage for all
properties)

EPC B [overage for all
propertias)

EFC B [minimum for all

propertias)
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London Retrofit Action Plan |

enillians
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Appendix | PROs and CONs of the other metrics

FROs COMs
Space heating demand = Best metric for building fabric efficiency = challenging to measure in use
[kwhfmdfyr] = Unaffected by heating system = Mot a metric for heating system {and therefore heat
. Unaffected by carbon factor decarbonisation)
= Less subject to vanation due to occupancy, behaviour, et * Calculation method subject to debate
= Good indicator for fuel poverty
= Pretty easy to 58t Consistent targets
= A good proxy for build quality
= Wide range between good and bad
= Puts the spotlight on the biggest opportunity for energy efficiency
carbon (long term) = alignment between strategic objective and indicator = Challenging to measure in use
[kgtoy/md] = A good indicator for heating decarbonisation = Heavily reliant on carbon factor (and consensus

required on set to use)

Heavily reliant on heating system (system can be
played)
Does not include embodied carbon

Total energy use Can be measured post-retrofit and compared to target

Mot necessarily 3 good indicator of fabric efficiency

(gas — electricity) « Reasonable indicator for fuel poverty |with caution] (could be misleading)

[kwrhyfmdfyr] « It does not exclude any energy use (2.g. it includes hot water use) subject to effect of heating system

= Reasonable indicator for heat decarbonisation Mot straightforward to estimate for heat networks

Mzkes the balance between energy use and renswable energy generation
maore transparent

= Growing industry consensus for it to become the key metric
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Why the use of an EPC metric can be misleading

These examples illustrate how the use of an energy
cost metric (EPC band or SAP score} con be Ermissions (kgCO, fyear]
misleading.

It is o paorticular issue for addressing one of the key
challenges associated with the climote emergency:
the decarbonisation of heot. One of the most
important challenges for Zero Corbon Londan is to

phase out the use of gas boilers gradually, starting

as guickly as we can. 2020 2030
(105 Ernigtion Mate with 2020 Emisalon Rate with 2050
If we vse o metric which does not encourage thor Pesiing | Rating AP Figeres (C0'pese]  Propections (koOyfyear]
{e.g. EFC bond, SAFP score, spoce heating demand], Simgle stor ey 100m” with gas heating
and bot water. Buldeg Begulibons | Al93} 1685 1734
it is crucial that the proportion of gas boilers is fabric standards. 1.5KWp of FY
monitored with the aim of it reducing steadily. L'ﬁf;’m‘;":m“ " - s i

fabre ieandaide Mo Py

EFC Bond Crverall Bnergy

Cemand
[k'Wwh,year]
Baseline D (58] 24,249
Energy Efficiency Measures C a9 16,458
Add ASHP D (&3 7425
ﬂEtude AELEMENTA  HAFT ‘p.‘hr_llr TG | i 84T | T | Bl ]
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