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1 Purpose of this document

The purpose of this annex is to provide further details of the

methodology which underpins the economic analysis and modelling undertaken to
support the report: “Accelerating Net Zero Delivery: Unlocking the benefits of climate
action in UK city-regions” and its accompanying Supplementary evidence.

The annexisstructuredinto five main sections aligned to our modelling process as per Figure 1.

Figure 1: Full modelling process
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The five sections are as follows:

- Weexplainhowwe developed our baseline projections of carbon emissionsin Section 2:Baseline
carbon emissions

- Wethen explain how wehave modelled the expected financial costs and benefitsand potential
reductionin carbonemissions for each of buildings & heatand surface transport covering the scope,
inputsand assumptions underlying each of the modelsas well astheir key outputs through Section 3:
Financialcostsand benefitsand carbon reduction

- Weexplainhowwe have estimatedeach of the wider social costs and benefits associated with
decarbonisationin Section 3.3 Social Costs and Benefits:

- GHGemissions

Physical activity (from active travel)and bike journey quality (cyclelanes)
Warmer homes (and less excess cold deaths)

Quieter streets (lower noise pollution)
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Faster journeys(lowercongestion)

Safer streets (fewer motor vehicle accidents)
Cleanerair

- Lesswearandtear onroads

- Next, we explain the methodology we have used to assessthe GVA and jobs associated with
decarbonisationin Section 4: GVA and Jobs

- Finally, weexplainthe methodology we have used to build a picture of Urban UKin Section 5; Setting
up non LondonUrban UK
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2 Baseline carbon emissions

We seta baseline based on BEIS Energy and Emissions Projections (2020) being fully delivered under the
existing arrangements, aswell as policiesthat were published aheadof the release of the Government's
Net Zero Strategy.

Figure 2: Baseline modelling assumptions
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The business-as-usual (BAU) trajectory for city-scale production-based (PB) emissions, i.e.the carbon
emitted either directly within the city-region's boundaries or indirectly via electricity use (Scope 1 and
Scope 2in GHG Protocol for Cities). Ourfocusis on all greenhouse gases measured as the mass of CO.e.

2.1 Emissions data sources

Our starting pointis historical local authority carbon emissions data. To develop a BAU trajectory, we
projectemissions forwardby utilising city-region level population forecasts and national -levelemissions
scenariost:

- Localauthority level carbonemissions data disaggregated between domestic, industrialand
commercial, and transport sectorsand various sub sectorsisavailable from The Department for
Business, Energy and Industrial Strategy (BEIS) - Time period covered 2005-2018

- Both UK-andLA-level population projections are regularly updated by the Office for National Statistics
(ONS)

- UK-level projections of emissions and the carbonintensity of electricity supply are also availablefrom
BEIS coveringboth CO2 and other GHGs and are disaggregatedby nine sectors. Time period covered
1990 - 2040

2.2 Develop emissions projections

Todevelop aforecastof BAU, we first match the BEIS national-level emitting sectors to the city-region
level sectors, aggregating into clusters where necessary (see Table1). We thenconvertthe local

t All these data sources are freely available through the government's open data site (https://data.gov.uk)
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emissionsto all GHGs by using the ratio of CO2e to CO2 for each national-level sector. We then calculate
the growth rate in per-capita emissions for each national-level sector.

Using these growth rates, we use the latest city-region level, per-capita emissions for each sectorand
projectthem forwardto 2050. We, therefore, assumethatthe per-capita growthratesin emissionsatthe
city-region and national-levels are the same for each sector/cluster.

Table 1: National-level sectors from the BEIS emissions
scenarios matched to the city-region level, local authority
emissions sectors (aggregating where necessary, as indicated
by the shading)?

National-level City-region level
Disaggregation Time frame  Disaggregation Time frame
Emitting Agriculture 1990-2040 Ind' & Com' (other fuels) 2005-2018

sector Industrial processes

Waste management

Business

Public

Energy supply Ind' & Com' (electricity)
Domestic (electricity)

Residential Domestic (otherfuels)

Transport Transport

LULUCF LULUCF

We then explored city-region level mitigation scenarios for emissions across the domestic, commercial
andtransportsectors.For eachsector, we;

- Identify arange of applicable low carbon measures
- Assesstheir per-unitinvestment costsand energy savings
- Estimate their city-wide deployment potentials.

2 Note that emissions from Land Use and Land Use Change and Forestry (LULUCF) are negligible, at less than 0.3% of total city -
region level emissions
" passenger-kilometre
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3 Financial costs & benefits and carbon reduction

3.1 Transport model

311 Overview of methodology

Many forms of transport exist, and each generates emissionsin different waysand to varying degrees. The
analysisfocuseson intra-city transport most prevalentin townsand citiesacross the UK

- Carsandtaxis
- Heavyandlightcommercial vehicles
- Busesandcoaches

Thetransport model has been designed to estimate the costs, benefitsand abatement potential of
measuresthatchangecurrenttravel patterns. Estimating total emissionsin the transport sectorinvolves
compiling emissionsintensities for each mode of transport (CO2e/pkm)and city-region level mode share
(pkms’) (see Figure 3).

First, we build a baselinebased on existing travel patterns. Next to build a scenario we inducechangesto
the transport system be it shifts in mode or improvements (i.e. electrification). The mitigation achieved by a
scenarioisthe difference betweenthe scenarioand the baseline emissions trajectory. Then weisolate the
change in the energy used(emissionsintensities) and distance travelled (mode share) thatis attributable
to:

- Substitution of trips for different trips (Shift)

- Efficiency gainsdue to electrification (Improve)
- Reducednumber oftrips due to network/logistical efficiencies (Avoid; only used for freight)

Comparing the changesin distancetravelled and energy used fromthe baseline, based on what
influenced the change, we can attribute costs and benefits to each low carbon measure such as shifting
Jjourneys from small petrolcarsto walking or electrification of public buses.
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Figure 3: Flowchart outlining the transport sector methodology
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The options for decarbonising these forms of transport are assessed using the Avoid, Shift, and Improve
framework. The modelling focuses on Shiftand Improve, with one Avoid measureadded in one scenatrio.

In all scenarios, overall journey volumes do not change except to account for population growth.Soifa
passenger shiftsfrom a petrol car,anew journey hasto be createdin an EV, bus, bike or walking.
Thereforewe do not consider scenarios such astemporary or permanent hybrid w orking.

A key principle in the development of each scenario is that while the order of cost effectiveness drives the
order of deploymentthisis within the bounds of ‘Shiftthen Improve’ This means that the low carbon
measures categorised as Shiftare deployedin order of cost effectiveness followedby low carbon
measures categorised as Improve.

In thisstudy, rail, metro and tram travel are not considered These make up 2% of journeysin most UK
cities, (but15%in London, whichwe havenot modelled). We also exclude any changesto urbanform
because of the deployment of low carbon measures (e.g.decreased journey times leading to changesin
trip lengths).
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Table 2: Categories of low carbon measures in transport sector

Category of low carbon Description

measure

Avoid Improving the efficiency of the transport system, including integrated
land-use planning and transport to reduce trip length

More efficientlogistics Improving efficiency of the logistics system by better route planning
or combiningtrips for multiple purposes

Shift Moving from the mostenergy consumingurbantransport modes
towards more environmentally friendly modes

Car tripsto walking Walking generates no emissions so shifting reduces carbon
emissions fromtrips otherwisetaken by car

Cartripsto cycling Cycling generates no emissions so shifting reduces carbon emissions
fromtrips otherwise takenby car

Car tripsto buses Buses generate emissions butlower energy consumption and higher

occupancy meanemissions per passenger-km arelowerthan cars.

Improve Enhancing the energy efficiency of transport modes, taking
advantage alternative energy use

Electrification of private petrol ~ Petroland diesel vehicles generate emissions on every journey and

anddiesel vehicles electrification provides an opportunity for the energy used to be
generated viarenewable sources

Electrification of distribution Electrifying vehicles typically runon petrol or diesel providesan

vehicles(HGV, OGV1and OGV2) opportunity for the energy used to be generated viarenewable
sources

Electrification of busesand Electrifying busesand coaches previously runon petrol or diesel

coaches providesan opportunity for some the energy used to be generated

viarenewablesources

3.1.2 Financial costsand benefits

The costsand benefitsare attributed to each low carbonmeasure by comparing the difference between
the scenario andthe baseline model runsto allow for systeminteractions. This differencein energy usage
and/ or distance travelled which isused to attribute costsand benefits means that they are calculated as
net. Table 3 lists the costs and benefitsincluded in our analysis. All costs are discounted at a rate of 3.5%
exceptforthose relatedto logistics: becausethis would be acost directly to the private sector, a discount
rate of 7%is used?

Table 3: Financial costs and benefits in transport sector

Costor Title Description
benefit
Cost Discounted Capital Cost  The costof chargersisworked outbased on the number of

- ChargingInfrastructure extraEV kilometresdrivenin each scenario

3A survey of 177 firms found that the hurdle rate (required return on investment) was the main driver of uncertainty. Hurdle rates
include a hurdle premium component which is related to the uncertainty of an investment. The average hurdle rate across all firms
was 12%, with the average hurdle premium 8%, meaning that the required risk-free rate was closer to 4%. Given the fact that these
numbers include a cross-section of industry and many of the investments this study is analysing are (a) not new ventures but in most
cases low-risk upgrades to existing technology - e.g. heat pumps and electric vans and (b) will be mandated either by government
(diesel HGV ban in 2040) or company policy - we have set the hurdle premium at a lower 3%, giving a total discountrate of 7%, double
that of individuals and government. Because only a small proportion of low carbon measures are discounted at this higher rate, the
overall level of investment required for each scenario is not significantly sensitive to this discount rate. Bank of England (2018) - Staff
Working Paper No. 717 - Business investment, cost of capital and uncertainty in the United Kingdom — evidence from firm-level
analysis - Marko Melolinna, Helen Miller and Srdan Tatomir
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Costor Title Description

benefit
Discounted Capital Cost  The netcostof: electric vehicles overICE vehicles; extrabuses
- Vehicle Purchase required; and bike purchases
Discounted Capitalcost  The costof extrabike lanesand buslanesrequired, basedona
- Infrastructure proportion ofthe extra busridersand cyclistsadded
Discounted non-fuel The extra operatingcosts associated with running buses -
operatingcosts(buses)  chiefly drivers' salaries. Thisisacost in most city-

region/scenarios since more busjourneysare required.
Benefit Discounted non-fuel Maintenance, oil, and tyresfor all vehicles. Thisisa benefitin

operating costs(all
vehicles)

most city-region/scenarios since higher maintenance of buses
is offset by much lowermaintenance costsfor cars, both
because thereare fewer carsand because EVsare cheaper to
maintain.

Discounted energy
savings

The netcostof energy required to powerthe newjourney
patterns. Thisisa benefitin all city-region/scenarios since

electricity ischeaper than petrol/dieseland walking/cyclingis
free

313 Keyinputsandassumptions

To estimate a city'sresidents'travelactivity we use a combination of city - and region-level data. Trips per
person by mode andregionare derived from the National Travel Survey (2017-2019)and average miles by
mode fromthe 2011 census. Theseare adjusted for the local region, where city-region levelmode share
data is available. Population data are derived from ONS projections.

Data from the Department of Transport ‘Transport Analysis Guidance'are used for vehicle occupancy and
proportion of workand non-work trips. Following the process outlined in the flowchartin Figure 3these
inputs provide pkm by mode over the period 2021-2050.

The GHG emission intensity and cost of different travel modes are estimated using nationaldatasets. The
proportion of cars by fuel source and fueland non-fueloperating costs by vehicle type are drawn fromthe
Departmentof Transport ‘Transport Analysis Guidance'. Energy prices are drawn from BEIS 2020 Updated
Energy and Emissions Projections and vehicle emission factors are derivedfrom the UK Government
Emissions Factors for Company Reporting, excluding electricity grid emissions factor projections whichare
derived from BEIS 2018 Updated Energy & Emissions Projections.

A notable assumptionisthat we assume thatit is possible to simply shift ~40% of car users onto busesor

bikesunder the current system. It does not exhaustively model secondary effects of thison the transport

system,ie.

- Rebound(other userstakingup carsasthe roadsare now quiet)

- Therunning costs of an expanded bus network (bus capex costs are included)

- Anyrail or metro shifts - busesare used asa proxy for all public transport

- Theonlyenablinginfrastructure costed in the mode isEV charging infrastructure, and this may be
under-countedssinceitislikely that range anxiety and home charging will lead to a higher ratio of
chargersto carsthan we see under the current petrol stationmodel

The assumptionsused to estimate a city'sresidents' travelactivity are providedin Table 4.

Table 4: Key assumptions in buildings model

Assumption Description Source
Trips per year per Average number of trips taken per person per Departmentfor Transport
person year by mode for thatregion Statistics - National Travel

Survey - England:2018/2019 (2
survey years combined)
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Assumption

Description

Source

Distance travelled by
mode annually

Average distancein milestravelled by mode
annually acrossthatregion

Department for Transport
Statistics - Average miles
travelledby mode, regionand
Rural-Urban Classification:
England - Allareas

Total Oil Equivalent
(TOE)

Total oil equivalent by transport mode isused to
developabaseline for motorised transport
energy use in each local authority.

Total final energy consumption
at reqionaland local authority
level:20051t0 2018.BEIS.

Maximum distance
km cycling per
person per day

2.7 kmper person per dayisassumedto be an
upper limit for achievable mode shift based on
levelsachievedin Denmark

https.//www.regionhdk/enali
sh/traffic/cycling/Documents
/17751Cvkelregnskab UK pdf

Maximum distance
km walking per
person per day

2.5 km per person per day assumedto be an
upper limitfor achievable most shiftbased on
literaturereview.

https.//www.nhsinform.scot/h
ealthy-living/keeping-
active/activities/walking

Distance per year per
vehicle

Kilometres per vehicle (and by vehicle type) per
yearisheld constantacrosscitiesandacross
time. If a scenario shiftstripsto motorised
transportthe numberof new vehiclesis
determined using the number of additional
kilometres by that vehicletype divided by the
average annualkilometres by that vehicle type.

Transport Statistics for Great
Britain.Department for

Transport

Fast chargers per One fast charger for 80 battery electric vehicles Nicholas, M.and Hall, D., 2018.
BEV andone for every 5goods and/ortransit Lessonslearned on early
vehicles. electric vehiclefast-charging
deployments. International
Councilon Clean
Transportation, Washington.
% tripsby mode (2018  Total final energy consumptionatregional and NTS0103:Average number of
post only) local authority level: 200510 2018 (BEIS)isused trips by main modes - index:

to determine travel by motorised vehicles. To
estimate travel by non-motorised modes
NTS0103is usedto estimate the number of per
person trips by bicycle and on foot. These values
are regional and available only for English
regions, asaconsequenceassumptionsare
made for citiesin Wales, Scotland and Northern
Ireland.

England

Average trip distance

Average trip distancesare assumed to be the
same acrosscities.

NTS0105:Average distance
travelledby main modes -

index:England

Changesto urban
form

We have assumed thatthe urbanform ofacity -
region stays static, meaning thataverage trip
lengths by mode remains constant.

Thismeansthatany major infrastructure projects

which could drastically changethe way we travel

are notaccounted for.

Occupancy

Car andvehicle occupancies through 2036.
Valuesheld constantfrom 2036 through2050.

TAGTable A133

Occupancy - buses

Alterationfrom TAG source.Increased occupancy

of busesfromi14to17. Thisis based on research
undertaken by University of Leeds

Source: University of Leeds
research (unpublished)
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Assumption

Description

Source

Proportion of car, LGV
& other vehicle
kilometresusing
petrol, dieselor
electricity

The proportions drawnfrom this datasetare
assumedto hold for all cities.

TAGTable A139

Special considerationfor
Petrol/Diesel (setat1%)

Vehicle energy use

Vehicle efficiencies are assumed to be the same
acrosscities.

TAGTable A1311

Vehicle efficiencies

Data fromthe TAGis usedin conjunctionwith
academic literatureto provide values for different
vehicle sizes.

TAGData Table A1311
And

Chkaiban, R, Hajj, E.Y ., Bailey,
G, Sime, M, Xu, H.and
Sebaaly, P.E, 2020.Fueland
non-fuel vehicle operating
costs comparisonof select
vehicle typesand fuel sources:
A parametric study.In
Pavement, Roadway, and
Bridge Life Cycle Assessment
2020 (pp.284-293). CRC Press.

Share of kilometres
by vehiclesize

Thisincludesdatato splitheavy goodsvehicles
into typesand passenger vehiclesinto large,
medium and small

VEHO0124:Licensed vehicles by
make and model and year of
first reqgistration: United

Kingdom

GHGemission factors

Scope 1 emissionsfactorsare drawnfrom BEIS
conversion factors. For Scope 2 emissionsthe
reference scenarios for electricity productionand
generation sourcesare usedto generatea
baseline and annualconversion factors

Conversionfactors 2021 full
set (for advanced users). BEIS.

Annex J: Total electricity
generation by source

Annex G:Major power
producers' generation by
source

Measuresthatare
largein scale and
diversein scope

- Sharedelectric vehicles - Assumedthat10
EVsarereplacedbyan EVthatis partofa
shared scheme. Thisisa modifier usedin the
integrated scenario. This modifies costsonly.

- Sharedbike scheme - Sharedbikesare
assumedto be utilised ten timesthe amount
of a private bicycle therefore the costofa
sharedbike is0.77 timesthe cost ofa regular
bike. Thisis a modifier usedin the integrated
scenario. Thismodifies costsonly.

https.//www.transportenviron
mentorg/sites/te/files/public
ations/Does-sharing-cars-
really-reduce-car-use-
June¥%202017.pdf

https.//inclusivev.eu/wp-
content/uploads/2018/03/Inc
EV-Executive-Summary.pdf

Marginal capital cost

The marginalcostof electric vehicle relative to

TAGTable A1.314

per vehicle ICE equivalente.g.electriccarto ICE car
Costperfastcharger Faster chargersare assumedto cost£75,000 Mathieu, L."Roll-out of public
based on literatureand consultation. This costis EV charginginfrastructurein
the same for all vehicle types. the EU." Transport &
Environment7(2018).
Costper bicycle £505 - Accounting for both the average costofa  http.//eprints.lse.ac.uk/38063

bike alongsidenew entranthard accessories

/1/BritishCyclingEconomy.pdf
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Assumption

Description

Source

Non-FuelResource
Vehicle Operating
Costs(NFOCQC)

The elements making up non-fuel vehicle
operating costsinclude oil, tyres, maintenance,
depreciation and vehicle capitalsaving (only for
vehiclesin working time).

Following discussion with DfT, it was noted that
NFOC containsa large depreciation component.
DfT guidance can be foundin the link belowand
the original document(1988)thatNFOC is
derivedforis"Review of Operating Costsin
COBA, EEAdivisionoftransport, 1990-91". This
showsthat NFOC parameter ais made up of 36%
oil, tyresand maintenanceand 64% depreciation,
andthat parameterbis100% depreciation.
Depreciation isaway of expressing capital costs
on an annualised basis.Becauseour
methodologyisnet, we only consider the
additional capital costs of low carbonmeasures -
eg.anEV isX more expensivethan an ICE car.
Thissurplusisincludedin our capexcalculations
as an upfrontcostand constitutesthe only
relevant capex for vehicles. Therefore, there
should be no depreciation contained in any of our
calculations. Therefore, for our calculations we
use parametera”0.36 and do notuse parameter
b.

Table A1.314:Non-Fuel
Resource Vehicle Operating
Costs

https./ /citeseerxist.psu.edu/vi
ewdoc/download?doi=10.11.37
5.1581&rep-=rep1&type=pdf

NFOC of electric
vehicles

E-PSV,e-OGV1,ande-OGVare assumedto have
halfthe operating costs of their ICE equivalent.
Data from academic literature are used to
provide values for different vehicle sizes.

TAGTable A1314
And

Chkaiban, R., Hajj, E\Y., Bailey,
G. Sime, M, Xu, H.and
Sebaaly, PE., 2020.Fueland
non-fuel vehicle operating
costs comparisonofselect
vehicle typesand fuel sources;
A parametric study.In
Pavement, Roadway, and
Bridge Life Cycle Assessment
2020 (pp.284-293). CRC Press.

NFOC for cars - share
of cars

It has been assumed thatall private vehicles has
a utilisation for work at18.2%

Table NTS0409 fromDfT (2019
table)

Additional NFOC for
buses

Further NFOC to account for additional costs
based upon the CPT index It hasbeen assumed
that for every £1 spenton fuel, £4.88 isspenton
DRIVERS' wages, other labour and staff costsand
insuranceclaims.

https.//www.cpt-
uk.org/media/caziugz1/chang
e-in-bus-coach-industry-
costs-for-the-12-months-to-
31-december-2019.pdf

Referenceenergy Retail pricesare assumed for all vehicles. BEIS2018 Updated Energy &

prices Emissions Projections (Retail
pricestable)

Costof buseslanes Assumed costof additional buslane capacityat ~ GreenerJourneys/KPMG

perkm £250,000 per km. (2017)
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https://www.gov.uk/government/statistical-data-sets/nts04-purpose-of-trips#trips-stages-distance-and-time-spent-travelling
https://www.gov.uk/government/statistical-data-sets/nts04-purpose-of-trips#trips-stages-distance-and-time-spent-travelling
https://www.cpt-uk.org/media/ca2iuq21/change-in-bus-coach-industry-costs-for-the-12-months-to-31-december-2019.pdf
https://www.cpt-uk.org/media/ca2iuq21/change-in-bus-coach-industry-costs-for-the-12-months-to-31-december-2019.pdf
https://www.cpt-uk.org/media/ca2iuq21/change-in-bus-coach-industry-costs-for-the-12-months-to-31-december-2019.pdf
https://www.cpt-uk.org/media/ca2iuq21/change-in-bus-coach-industry-costs-for-the-12-months-to-31-december-2019.pdf
https://www.cpt-uk.org/media/ca2iuq21/change-in-bus-coach-industry-costs-for-the-12-months-to-31-december-2019.pdf

Assumption

Description

Source

Capacity ofa bus lane

A reasonable planning-levelcapacity fora
dedicatedtransitlane is 80 buses per hour

https.//nacto.org/publication/
transit-street-design-
quide/introduction/why/desig
ning-move-
people/#:~text=A%20reasonab
le%20planningZ2Dlevel%20cap
acity through%20a%20single?%?2

otransit%20lane.
Costof cycling Assumption of £0.98mper additionalkm of https./ /assets.publishing.servi
interventions additional cycling infrastructure based upon a ce.gov.uk/government/uploa
mixture of schemes such ascycle superhighway, ds/system/uploads/attachme
mixed strategic cycle routesand resurfaced nt_data/file/742451/typical-
cycleroutes. costings-for-ambitious-
cycling-schemes.pdf
Additional capacity of Assumedthatmajor shiftsto cyclingwillrequire  Link

cyclinginfrastructure

additional dedicated infrastructure to (a) handle
additional bikeson the road (b) generatethe
interestand shift necessary. Given the high
capacity of cyclinginfrastructure, aswell asthe
option for cycliststo use roads and alternative
infrastructure thereisahigh degree of elasticity
between the shiftto cyclingand additional
infrastructure required.

3.2 Building models

321 Overview of methodology

The purpose of these modelsisto estimate the financial costs, benefitsand abatement potential of
applyingavariety of low carbon measures across 13 building archetypesin city-regions across the UK The
building's models have beenseparated into domestic and commercial sectors. Thisis primarily because
low carbon measures although similarare applied in different waysi.e.on aper house basisin domestic
buildingsand on a floor space basisin publicand commercial buildings.

The methodologies for estimating annual carbon savingsin the domesticand commercial sectorsare
outlinedin Figures 4and 5. Annualcarbonsavings per-unitof each measureare multiplied by the number
of unitsdeployed in the mitigation scenario (houses or m2of floor-space.

Per-unit carbonsavingsare obtained from the energy savings data we describe below and the associated
emissionsintensities. We also account for the interactions that occur when multiple low carbon measures
are deployed withinthe same building, which can reduce the savingsachieved in the case of, for example,
solar photovoltaicsand efficient lighting.
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https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://nacto.org/publication/transit-street-design-guide/introduction/why/designing-move-people/#:~:text=A%20reasonable%20planning%2Dlevel%20capacity,through%20a%20single%20transit%20lane.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742451/typical-costings-for-ambitious-cycling-schemes.pdf
https://pdf.sciencedirectassets.com/308315/1-s2.0-S2352146516X00063/1-s2.0-S2352146516305403/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEKT%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQC00coNjDqoyFXZY%2FGgDzINKijzElCrxxeGYVVLyDXkNgIgfm9yNi3yY2VSrPfhL2FaY5kjKPEU66PYkLhkly009uUq%2BgMILRAEGgwwNTkwMDM1NDY4NjUiDLIyhc1PQWmJFZKIASrXA3esDcpKM6GCHaoUil81RPhVQZjibZXaRI8pZBotlW05jkEy33ntY2ClJo%2BmFEM1ONVo%2FNmIEEWmzNUhMkvnipQnRvWE4HMTQ6MIjakuXFF8nA%2F5xokfmLc%2BGfzOT8aO9v0Yq1%2BK5Q4hOLoVqmlGSWLxzGNwXLWX1hCqhby2jGayD2JVuK8Khz%2BX8QuUR0IfsdOZTV0tyJTz%2F61SkHq1D5n03j4WUiyPLL60IvQj%2FpiC2Ofjb3xEvjiIzrRQ1qbCGDALlaobnkk63ReU29mb6UqcxYFTKk9UnOdzoXe%2Bf5qmmLTF106Tn6yvqPXp5dN3UR5QWH4%2FT2aGa3P%2BbTO57%2FVW61zdee4gYgSDqNhnvLyMeJDY6IUKslgoxyJVwAAZIDXT4IMeiCpxH0XA%2FgAAY1Uv9tH%2Fj5%2FLYL%2Bd3CfIe4P5oeH3pCW1aJJrJip%2F4U8xqJ%2F0k%2FTg7ZyG2fSrBVZAPiBoxegH3bZdMAQVnMzyJuWgZ6kfMmWOAiB5EsHJxgxzIaYMct5P6wbgD7kV2jhUgk8O0T%2BqePXV7GVx0bDwRKoWjspo9DXG5F1H4IXQHftVfza74mptoeQM9kIlZrdfqGAjHWxE2KCp2lq%2FJpxbiE7g%2BfBZoet6%2BDCWipuLBjqlAaBBkBZPYknfaRwCuRrXAFVKQJJG%2BZfRbEf3QpL8JnTkNuSFDmVilD6t%2B2bJrlUtxcduKtXqWcmoiWdJAhY1jJ29e5iXCwzO0KPD0tsBTkmMHb4oNl%2F%2F4cLCNPJE3Kvul0gJb9UW4dKGlYn9%2F5CIMWoPF3cxgQgJF2A6k0o4BFBVGxV47zFzazzoCKAVnNlPpvbq%2FqUf%2BYqeX%2FNG3%2FcA98y%2B8IoiKQ%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20211013T132132Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYYA4GOQRT%2F20211013%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f2a90ba82373e8ede11fad7611503cd621a2483b927a3fe6e556df51313c6da1&hash=a479ac30765fc73606424d94283d45d4de90ffdec081f5f37c00a6da5638bd49&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S2352146516305403&tid=spdf-6ee172e8-0cb4-40d6-8330-1e782c5f7bbd&sid=b8c1072040f421406979b00393491e61f1c6gxrqb&type=client
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322 Low carbon measuresby category

The options for decarbonising domestic and public and commercial buildings are broadly similar. Table 5
and Table 6 detail the categories of low carbon measures applied in the building sector.
3.2.21 Domestic buildings

In the domestic buildings sector, lLow carbon measures are deployed on a per home basisacross seven
archetypes:

- Bungalows

- Convertedbuilt flats

- Houses(detached, semi-detached, end of terrace, mid-terrace)
- Purpose builtflats(highrise and lowrise).

Table 5: Categories of low carbon measures applied to
domestic buildings

Category of low carbon measure Description

Energy efficiency Upgrading gasovensand appliancesto energy efficient
alternatives, gashobsand ovensto inductionalternatives, analogue
to digital TVs, filamentlight bulbsto low energy lighting

Insulatin Increasing air tightness, replacing single withdouble glazing,
externalshading, improving insulation

Heating efficiency Upgrading boilersto g5% efficiency, using heating controls, heat
recovery, increasing efficiency oftechnology (eg.DC drive fan coils,
chilled beams)

Low carbon heat Installing solarthermalor replacing gas boilers withair sourceheat
pumps

Microgeneration Solar PV, installingawindturbine

Scale and scope domestic Area based commercial PV installation, area-based commercial

Measures retrofitscheme.

3.2.2.2 Public and commercial buildings

In the domestic buildings sector, low carbon measuresare deployed on a floor area basis across six
archetypes:

- Offices

- Retail space

- Industrial/warehouse units

- Community centres

- Education

- Healthcare spaces

- Hotels

Table 6: Categories of low carbon measures applied to public
and commercial buildings

Category of low carbon Description
measure

Energy efficiency Increasing energy efficiency of light bulbs, daylightand movement
sensors, increasing efficiency of technology (e.g. variable speed pumps,

Accelerating Net Zero Delivery: Unlocking the benefits of climate action in UK city-regions: Technical annex
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chillers)

Insulation Installing insulation (cavity wall, externalwall, floor, internal wall, loft),
draught-proofing, top up loft, triple glazing

Heating efficiency Upgrading storage tanks and conventional boilersto gas combi-boilers,
tank insulation, thermostats, radiator valves

Low carbon heat Replacing storagetanksand conventional boilers with heat pumps, use of
solar thermal

Behaviour change Lowering thermostats, reducing heating for washing machines, reducing

household heating by 10C, reducing standby consumption, turning
unnecessary lighting off

Microgeneration Solar PV

Scale and scope Area based commercial PV installation, area-based commercialretrofit
commercial low carbon scheme.

measures

3.23 Financial costsand benefits

The costsand benefitsare calculated based on the deployment of each low carbon measure which
meansthatthey are calculated asnet. Table 7 lists the costs and benefitsincluded in ouranalysis. Costs
are discounted atarate of 3.5%. However, ifa costis directly applicableto the private sector (eg. measures
appliedto retail units) adiscountrate of 7%is used (see note 3 under Transport model)

Table 7: Calculated financial costs and benefits in buildings
sector

Title Description

Capital cost The capital costs of low carbon measures are estimated in net presentvalue
termsover the period from 2022 to 2050 taking into account:

- Whenthe newlowcarbonmeasureisassumedto be deployed
- Theexpectedlength of life of the low carbon measure before itrequires
replacement.

Note - The total net presentinvestment costis applied on deployment between
2022 and 2030. Thismeansthatthe costof replacementisnotrealistically spread
acrossthe study period.

Energy savings The deployment of each measure between 2022 and 2050is multiplied by the
estimated energy saving (for electricity, gasand other) associated with each low
carbon measure, multiplied by the discounted energy cost forecast from BEIS

As per BEIS Green Book guidance, we use long run variable costs, because
energy pricesinclude:

- Fixedcoststhat will notchange in the long runwith a small sustained change
inenergy use,

- Carbon costs, since these arevalued separately, and

- Taxes, margins, and othercomponents whichreflecttransfers between
groupsin society

Unlike in the transport model(where itisassumed that the price of EVsis likely to fall to reach parity with
ICE cars by 2035), the cost of all buildings measuresin this study staysthe sameinrealterms. Thisis
because mostbuildings measures, such asinsulationand boilers, are very maturetechnologiesand
unlikely to be subjectto significantinnovation. There are exceptions:

- Heatpumpsare akeytechnologyin the netzero transition and the Government's Net Zero Strategy
- Retrofitlabourcosts may rise over and above headlineinflation due to significant demand. A
sensitivity analysisin the economics supplementary evidencereport considersa 25%rise in
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buildings costs whichishypothesised as being due to an increase in labour costs - but could also be
dueto increasesin materials such astimber, or microchips

- Solar pricesare already low but will continue to fall - thiswasignored in the analysis because even
when deployed to their full potential, domesticand commercial solar combined make up only 3% of
allbuildings low carbon measures.

324 Keyinputsandassumptions

3.2.4.1 Domestic

For the domestic sector the list of low carbon measures, their lifetimes, and their costsand energy savings
(electricity, gas, and other fuels) are consistent with the UK's National Housing Model (NHM), which was
developedbythe Centre for Sustainable Energy (CSEX 1tis worth noting thatthese costs have been
tested and updated each time the models have been used at local authorities, mostrecently in 2020.

The EPC data sets representthe full housing stock by local authority including information on current
insulation levels, heating systems, etc.on a per property basis. Using EPC datasetsin conjunction with
these NHM outputs, we assess what low carbon measures are appropriate for a particular city's domestic
sector, how many houses each measure would be suitable for, we call thisthe deployment potential
Using a s-curve deployment profile, eachmeasureis deployed to its potential within the constraints set by
the scenario. Therefore we can calculate what energy and emissions savings would be expected
assuming the household maintains the same heating regime post-installation of each measure. The
buildings stock istaken as static - i.e. we do notincrease homes each year commensurate with likely
house growth.

3.2.4.2 Public and commercial

The Public & Commercial buildings sectoroperatesin largely the same manneras the domestic sector,
where the basic unitofanalysisis changed from individual homesto m?area of applicable non-domestic
floorspace. Forthe commercial sector we obtain lists of low carbonmeasures and their lifetimes, costs,
andenergy savings (electricity and gas) from the review ofthe Investment Property Forum (IPF), whichare
appropriatethroughoutthe UK Measuresare grouped intodifferent building types with (marginal) costs
and (multi-vectoral) energy savings detailed on a measure-by-measure basis. To calculate city-region
level deployment potentials we utilise LA-level data describing:

- Existingcommercial floor-space by buildingtype from the Valuation Office Agency (VOA)
- EPCassessmentsreported for commercial building stock across LA.

WWe use these datasetstogetherto estimate the floor-space in a city-region across each archetype. We
assume thatthe area of commercialfloor-spaceremains static across each of these archetypes. This
appearsreasonable asfor the periods withinwhich data are available there areonlynegligible changesin
the distributions of EPCs of commercial buildings and existing commercial floor-space. We use the
proportion of floorspace surveyedin EPC assessments thatrecommends a particular intervention and
apply thisto the total floorspace in acity.

4 CSE (2014) National Household Model: A computer model of the whole GB housing. stock
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Table 8: Key Assumptions in buildings models

Assumption Description Source
Heatpump Conducted briefreview ofthe Centrefor Sustainable  https.//www.gov.uk/govern
costs Energy (CSE) measuresand inflated allto 2020 prices ment/publications/cost-of-

installing-heating-measures-

Alllooked reasonableexceptfor heat pumps - these - - !
in-domestic-properties

are potentially central to the transition and likely to
be in high demand and - subsequently - highsupply

We found accurate up to date costs from the UK
Government(see link)and used these to update the

cost of heat pumps
Heatpumpcost Heatpump costreduction hasbeen appliedinall https.//www.gov.uk/govern
reduction scenariosin linewith the NZS: The NetZeroStrategy  ment/publications/net-zero-
stated thatthere isambition to reduce the cost of strategy

heatpumpsby at least 25-50% by 2025 and that price
parity with gas boilersisreached by 2030. Therefore,
the price of an average heatpumpsusedin the
analysisfallseach yearto 2030 whenitreachesthe
same real price asan average gas boiler

Heat pump Heat pump proportionality has beenassigned per
deploymentin populationin each city-region (based on the
placeagnostic  Government policy objective of 600,000 heat pumps
scenario provided eachyear from 2028 onwards), deployment
starts in 2022 and exponentially increases to 2028
where the proportion of 600,000 heat pumpsis
deployed eachyear. The proportionofthe original
heat pump deploymentacross property typesis
calculatedto splitthe updated deployment figure

across property types
District Heat Districtheating networks currently supply 3% of the
Network UK'sheatsupply:the aimis to increase the share to

deploymentin  20%by 2050. The Net Zero Strategy assumesthat 6%
placeagnostic  of heating supply willbe provided by district heating
scenario networksby 2035,

To developadeployment potential of districtheat
networksin the place agnostic scenario,
proportionality isassigned perpopulationin each
city-region in the same manner as heat pump
deployment.

NB: thismeansthatheatnetworksare assigned to
citiesbased on population, but notbased on the
factorsthat will actually drive heat network
deploymentatthe very local level: density, localheat
sourcesand other local project feasibility factors

Deployment The deployment potential for eachlow carbon https.//epc.opendatacommu
potential figures measure for each property type is calculated for nities.org/

each city-regionbased on EPC data, datais gathered

on whetherthe low carbon measure could be

deployedwithinahousehold and thenaggregated

up to the relevantlow carbon measure group

S-curve In all scenarios, itisassumed that deployment of
deploymentof  building measures starts slowly in 2022 and buildsto
buildings a peakinthe late 2020s before tapering off. An S-
measures curveisapplied here rather thanalineargrowth rate
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https://www.gov.uk/government/publications/cost-of-installing-heating-measures-in-domestic-properties
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https://www.gov.uk/government/publications/cost-of-installing-heating-measures-in-domestic-properties
https://www.gov.uk/government/publications/cost-of-installing-heating-measures-in-domestic-properties

Assumption

Description

Source

Interactions
methodology

WWe assume that measuresthatimpact the heating of
a home will interact. Given ahousehold will use a
certain amountof energy for heating, eachlow
carbon measure will reduce the savings available for
other measures. The following equations are applied
to accountfor this:

Correctedenergy/carbon savings = originalsavings -
original savings " (average house % savingsw/o
interactions - averagehouse savings w/ interactions)

Average house % savings w /o interactions = average
number of interacting low carbon measures per
house "average % savings per measure

Average house savingsw/ interactions = average
savings per measure” number of low carbon
measures

Althoughcoolingmeasures would also interact, there
isn'tenoughand so the impactisnegligible.

Scale and scope
low carbon
measures

- Districtheating networks - The costand benefits
are based on figuresfroma case study in Tallaght.

- Whole houseretrofit - Measuresthat are replaced
by a wholehouseretrofitare summedand
compared with desk researchvalues. It was found
that thisrepresented ~31% saving. Thisreduction is
appliedto other property types. The electricity,
gas and other savings are reduced by approx10%
overall

- Low energy apartmentretrofit - the same method
is used and the same percentage reduction
applied.

- Area-Based CommercialRetrofit Scheme - Mean
retrofit data comparing costs of typical schemes
vs individuallow carbonmeasures for arange of
commercial typologies(5) isused asacost
reduction on the sum cost of low carbon
measures.

- Area-Based Commercial PV Installation - The
average values ofthe three existing low carbon
measuresisused, and acostingimprovement
from economiesofscale dataforisusedas a
proxy for an area-based approach.

https.//carbonneutralcitiesor
9/wp-
content/uploads/2018/05/1
-London-Energiesprong-
Transferability-
Assessmentpdf,

https./ /www.aecbnet/wp-
content/uploads/2015/08/G
oing-Deep pdf,
https.//assetspublishing.serv
ice.gov.uk/government/uplo
ads/system/uploads/attach
ment_data/file/ 656866/ BEI
S_Update_of_Domestic_Cost
_Assumptions_031017 pdf,
https.//www.codemaie/ima
ges/uploads/docs/TDHS M
arketing_Brochure_for_Devel
opers.pdf

https./ /wwwhw.ac.uk/uk/sc
hools/doc/egis/TARBASE_N
D_REPORT pdf,
https.//www.londongov.uk/
sites/default/files/appendix
_a_solar_action_planpdf,
https.//www.theguardian.co
m/environment/2016/may/
19/london-borough-installs-
6000-solar-panels-on-
market
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https://www.codema.ie/images/uploads/docs/TDHS_Marketing_Brochure_for_Developers.pdf
https://www.codema.ie/images/uploads/docs/TDHS_Marketing_Brochure_for_Developers.pdf
https://www.codema.ie/images/uploads/docs/TDHS_Marketing_Brochure_for_Developers.pdf
https://www.codema.ie/images/uploads/docs/TDHS_Marketing_Brochure_for_Developers.pdf

Assumption

Description

Source

Rebound effect

For some domestic LCMs, anincrease in energy
efficiency leadsto increased use of energy to
provide morecomfort. We haveassumed arate of
15% rebound for certain measures and valued this
using BEIS guidance - see ‘Home Comfort' on pg 25

Committee for Climate
Change (2013) - discussionof
how the energy savings
potential of low carbon
measuresisrarely reached
because ofin-use, comfort
andinaccessibility factors.
Thisanalysisonly considers
comfortfactors, butthe
contextmay be useful for
further analysis

UK Energy Research Council
(2007) - extensiveevidence
of the size of the rebound
effectin differentsettings,
concluding that “The direct
rebound effectswere
estimatedtoreduce overall
energy savings by 15%"
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3.3 Social costs and benefits

Besidestheir financial costs and benefits, each low carbonmeasure creates various wider social costsand
benefits. These have beenidentified and defined usingimpact pathways and drawing onthe extensive
existing literature that has considered the potentialimpacts of urban decarbonisation® Takentogether, the
financial costsand benefits plusthe wider social costs and benefits provide ourestimates ofthe net
presentsocial value (NPSV)of each low carbonmeasure.

Figure 6 summarisesthe key impact pathways identifiedin relation to the low carbon measuresrelevant to
surface transportand Figure 7 doesthe same for heatand buildings.

Figure 6: Simplified impact pathway for surface transport low
carbon measures, by category

Transport Intermediate Outcome / Valuation Impact /
category ) outcome Social benefit method Social value
Electrification of Improved S Defra Air Quality
R private transport air quality Damage factors
' ) Reduced petrol BEIS Carbon
Improve El?}ﬁgfaﬂon / diesel use per Redeun:iesc:iz:;bon — Marginal
9 Jjourney Abatement Cost
Electrification of Reduced traffic
Improve private transport on the road:
- Less
congestion
Shift Improved Reduced net N - Fewer S ME:-I;::FSRZ%N
! freight logistics vehicle journeys ’ accidents 9 Coste
- Less noise
pollution
} Car trips - Fewer_ road
shift to buses repalrs
shift Car trips Increased 5 116 HEAT tool
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Allsocial benefitsare presented as positive benefits (‘Improved air quality'). In aggregate, netbenefitsare
generated under all scenarios but they comprise both costsand benefits. For example, switching car trips
to busesresultsin abenefitof fewer carson the road — reducedcarbonemissions, congestion, accidents
.. buta cost of more buseson the road — /ncreasedcarbonemissions, congestion, accidents.

5>100 studies were considered in our literature review. Of particular relevance was a meta-analysis by the Coalition for Urban
Transitions and New Climate Economy (CUT/NCE. 2018) which reviewed >00 papers to create impact pathways for urban
decarbonisation in cities across the developed and developing world
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Figure 7: Simplified impact pathway for buildings low carbon

measures by buildings type and category
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Scale and scope low carbon measuresarenotshown; notallindividual pathways showne.g.some heating
efficiency low carbon measures also reduceelectricity usage, butthey reduce gas usage far more as most

UK homeshave gasboilers

3.3.1.1 Social costs and benefits that are not measured

As aresultofthe literature review and the impact pathways, we also identified various social costs and
benefitsthatare likely to be created by decarbonisation but were consideredout of scope for this study

because they are immaterial, not directly relevant or unmeasurable:

Table 9: Examples of wider social costs and benefits not

measured in this study

Reasonbenefitnot Example
included

Immaterial - Lightpollution

- Indoor air pollution - thisisrelevantin the developing worldwhere solid fuels

arestillusedindoors, butnegligible in the UK

Notdirectly relevant

adaptation measuresthat would tackle heat stressand do nothave a
methodologyto value it. The likelihood of heat stress may be increased by the

addition of LCMs such as insulationin older homes

Heat stress - we only considered mitigation measures, so have not considered

- Odour - thismay be relevantin the waste sector whichwe havenot studied
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Reasonbenefitnot Example

included
Unmeasured or - Distributionalimpacts are a significant factor in decarbonisation but this study
unmeasurable was notdesignedto considerwherethe various costs and benefits would fall

and would need further research

- Otherimportant social benefits similarly could not be measured, for example
agglomeration effects, local attractiveness, biodiversity, and local safety

- Triple glazingislikely to have an impact on noise pollutionas well as warmth,
but no studieswe could find had considered this

Below, weexplainthe methodologies we have used to assess each type of social costand benefit.

3.3.2 GHGemissions

Our approach to assessing the impact of reduced GHG emissions follows BEIS' latest guidance.

What benefit is being measured

As per BEIS guidance: “Greenhouse gas
emissionsvalues (“carbonvalues”) are used
across government for valuingimpactson GHG
emissionsresulting from policy interventions.
Theyrepresenta monetary valuethat society
placeson one tonneofcarbon dioxide
equivalent(£/tCO2e). They differ from carbon
prices, which representthe observed price of
carboninarelevantmarket(such asthe UK
Emissions Trading Scheme). The government
usesthese valuesto estimate amonetary value
of the greenhouse gasimpact of policy
proposalsduring policy design, and after
delivery.”

Inputs

From both buildingsand transport models:
Emissions per low carbon measure per city-
region/scenario

Source

- BEIS Valuation of greenhouse gas emissions:

for policy appraisal and evaluation, updated
Sep2021, Annex1

Valuation methodology

- Step1: Theannual net GHG emissions savings

are key outputs from both the transportand
buildings models

- Step2: These are multiplied by the carbon
price for the appropriate year

- Step 3 The estimated benefitsare discounted

at 3.5% to derive theirnet presentvalue.

Sensitivity analysis

BEIS provide ahigh and low series for the carbon
price, which increases or decreasesthe central
price by 50%. This sensitivity is presented in our
economics supplementary report.

Other inputs and assumptions
Note: Traded vs Non traded

By considering the change in use of different
types of energy because of low carbon
measures, itis possible to splitthe carbon values
into traded and non-traded values. For example,
as per BEIS guidance, electricity forms part of the
traded sector, butdomestic gasuse isin the non-
traded sector.

We do notpresentthisanalysisin our main
findings or supplementary evidence. Thisis
because reading of the updated guidanceand
further correspondence with BEIS GHG appraisal
team suggeststhat(1) the usefulness of this
disaggregation in abroad, hypotheticalappraisal
such as thisstudy is limited and (2) the
methodologyis subjectto change pending
consultationon designofthe UKETS.
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3.3.3 Decongestion benefits

Our assessmentofthe potential benefits of
reduced congestion followsthe approach
recommended in the Department for Transport's
WebTAGrelating to Marginal External Costs,
which builds on an academic paper from Samson
etal(2001)®

What benefit is being measured

MECsmeasure the change in social valuein
having one less car on the road because of
differentfactors:z

1. Lesscongestion— Improvedjourneytime
and quality, Lower vehicle operating costs

2. Feweraccidents — lowermortality and
morbidity

3. Fewerroadrepairsrequired — lower costto
the Exchequer

4. Lowerlevelsofnoise pollution — lower
health and productivity burden

5. Fewer GHGemissions
6. Lowerairpollution
7. Lowerroad/ fuel duty to the Exchequer

Note that 5 and 6 are valued elsewherein our
analysis(so notusedhere) and 7isa transfer
from one group to another, so not measuredin
this study:.

Inputs

Fromtransport model:Change in vkms for each
transportmode

6 Sansom T, Nash CA, Mackie PJ, Shires J, Watkiss P (2001)
Surface Transport Costs and Charges: Final Report. For the
Department of the Environment, Transport and the Regions.
Institute for Transport Studies, University of Leeds

7 DFT definition: The primary method for estimating
decongestion benefits in the absence of a multi-modal model
is based on marginal external costs (MECs). The use of road
vehicles incurs both private costs borne by the individual
traveller (such as fuel costs and personal travel time) and
external costs borne by others. These external costs include
congestion, local & global air pollution, noise, infrastructure
and accident costs. The MEC method is based on the change
in these external costs arising from an additional (or removed)
vehicle (or vehicle km) on the network. These costs have
been estimated from the Department's National Transport
Model and Surface Transport Costs and Charges: Great
Britain 1008.

Source

DfT WebTAGguidance A5.4 - Marginal External
Costs(MECs)

Valuation methodology

We use two sheetsfromthe Tag MEC data -
A5.4.1 (traffic data) and A5.4.2 (cost data)

3.3.31 AS54.1 - Traffic data

The output from the transport modelsis vkms for
differentvehicletypes, per year, butthese are
notsplitby region or road type. Therefore, the
first steprequiredisto:

Step 1 Splittotal vkmsin each city-regioninto
differentregion androadtype

Thisis done using DfT WebTAG Sheet54.1:
“Traffic by region, congestion band, areatype &
road type”

- Assumption:Regionsare atthe International
Territorial (NUTS-1, i.e. Scotland, North-East,
London); itisassumedthateach city-region
hasthe same transportroad usage asthe
regionitislocatedin.So, forexample,
Manchester and Liverpoolboth use North-
West

- Assumption: Thereisno regional split for
Northernlreland, so Walesisusedinstead as
Swansea-Bay and Belfast city-regionshave
similar levels of density

- Assumption: DfT'sregional road-usage splits
(5.4.1) change every 5years but stay constant
between them?®

Thisallowsusto say that, for example, if 100km
is driven by a car in Glasgow city-region, X% of it
willbe onan Aroadin an Inner conurbation.So if
100km lessisdriven, it will disappear from this
same road/region

3.3.3.2 AhK.4.2 (cost data)

DfT givesvaluesin penceper vehicle kilometre
(vkm) avoided, splitby the mode, placeandtime
the vkmis avoided, by:

1. Vehicletype(Cars, LGVs, OGV, HGVand
PSV)

2. Year(2015-2050)

8 The model does not straight-line these because the splits
do notfollow a linear pattern each 5 years but change

erratically due to complex future transport modelling. DfT
correspondence confirmed this approach.
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3. Region(London, Innerand Outer
Conurbations, Other Urban, Rural)

4. Roadtype (Motorways, Aroads, Other Roads)

5. Congestionband(1to 5; thisdescribeswhat %
of thetime eachroadisexpectedtobein
free-flowing traffic (band 1) or standstill (band

5))

1 and 2 are outputsfromthe transport modeland
3, 4 and 5 are calculated using A5.4.1 above.

Step 2. Multiply the avoided vkms per mode,
place andtime by the pence/vkm value for the
corresponding mode, place andtime

Step 3. These benefitsare discounted at 3.5%

Sensitivity analysis

Congestion band: Congestion band 5 represents
the total breakdown of traffic which haslarge
negative effectsonjourney time and
productivity. Asaresultmost ofall congestion
benefitsare due to avoiding timein band 5. DfT
correspondence noted thatthey urge caution
when using band 5 and advised sensitivity
analysis. We created 3 scenarios:

- Bandsincludedat full values
- Bandsreducedtothe band4level
- Bandsremovedentirely

These are the high-medium-low sensitivities
presentedin oureconomics supplementary
report.

Onlythe core scenarioisused from WebTAG
5.4.2. DfT providestwo otherscenarios butthese
involve policy options(e.g. 'shiftto ZEVs') rather
than confidence intervals, so are ignored.

3.34 Air quality

\WWe assessthe value of the impacts on air quality
using the damage cost guidance prepared by the
Departmentfor Environment, Food and Rural
Affairs (Defra).

Inputs

- Fromtransportmodel: Fuelusage by type,
vehicle andyear, splitby local authority

- Frombuildings model Fuel usage by type
andyear, splitby local authority

Sources

Main method source

Defra: Air quality appraisal:damage cost
guidance (2021)

Supplementary sources

- ONSdensity per LA
- Table 6 of the National Transport model

What benefit is being measured

The health costs ofair pollution on people. The
Defraapproach considers differenthealth
impacts based on the latestadvice from Public
Health England and the Committee onthe
Medical Effects of Air Pollution(COMEAP). Three
impact pathwaysare included in this valuation:

- publichealth
- thenatural environment
- theeconomy

Detailed information on derivation of this
methodologyisavailablehere

Valuation methodology

There are two Defratables - one for air quality
damage from transport emissions and one for
fuel combustion from buildings. Both assume
that damage ishigher when fuelisconsumedin
more densely populated areas. They also require
the user to calculate whereeach unitof fuel s
used.However, the two tables use different
‘density areas”’, asshown:
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Table 10: Density areas used
to assess air quality damage
in buildings and transport

Buildings

National Average

Domestic:Inner Conurbation

Domestic: Urban Big

Domestic: Urban Medium

Domestic: Urban Small

Domestic: Rural

Transport

Transport Average

Central London

Inner London

Outer London

Inner Conurbation

Outer Conurbation

Urban Big

Urban Large

Urban Medium

Urban Small

TransportRural

Step 1: Spliteach local authority in each city -
region into atransportand buildings density-area

type.

Assumption. Thisisdone, using either
(depending ondata availability):

- Forbuildings - The density ofthe LAis
matched to ONS population stats, with each
buildings density area being assignedto a
differentdensity quintile

- Fortransport - allocations from Table 6 of the
National Transportmodel - and wherethese
were notpresentforaplace, ONS density is
usedas per (a)

" Note that neitherofthese methodshave any
relationsto the splitting of vkmsinto road types
in the section above

Step 2 Multiply the damage factors per fuel
type, per year, per density area by the changein
energy usage by fuel type per low carbon
measure per year.For transport, vehicletype
splitis also required.

Step 3: These benefitsare discounted at 3.5%.In
addition, thereisno annual data series for
transportair quality damage, so damage costs
are inflatedto 2022 pricesand then2%p.a.as per
the Defraguidance.

- Assumption: AQ damageincludes both health
benefitsand non-health benefits(i.e.changes
to productivity), therefore we use the discount
rate of 3.5% and notthe pure health benefits-
rate of 1.5%

3.35 Physicalactivity

Our estimate of the health benefits associated
with the change in levels of physical activity
associated with adoption of different low carbon
measuresisbasedon the World Health
Organisation's health economic assessmenttool
(HEAT).

Inputs

Transportmodel - extravkms of cyclingand
walking per year

Sources

Main method

World Health Organisation - online Health
Economic Assessment Tool(HEAT) for walking
andcycling. Methodology wasimproved
following correspondence with the authors,
based on the academic paper thatinformsthe
methodology?®

Supplementary sources

- ONS populationdata

- DfT transportfrequency statistics

- Green Booksupplementary guidance: Value
of a Life Year (VOLY) - inflated from2014

What benefit is being measured

Increased walking and cycling are associated
with a decrease in all-cause mortality. The
evidence for thisis based on longitudinal studies
of the reduced chance of dying of an average
person with varyinglevels of walking / cycling
per day. Each life notlostcan then be valued
statistically.

9 Gotschi, T et al (2020) Integrated Impact Assessment of
Active Travel: Expanding the Scope of the Health Economic

Assessment Tool (HEAT) for Walking and Cycling. Int. J.
Environ. Res. Public Health
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Valuation methodology

Assumption: The academic paper thatunderpins
the methodologyassumes that health benefits
only accrue to people between20-74 for walking
and 20-64 for cycling sincethereisno evidence
otherwise. We assumethatall extravkms
travelledby active travel are completed by this
age group. Thisisviewed asreasonablesince

- lossof life dueto lack of physical exerciseis
very unlikely before 20

- frequency of exercise drops for those over 75,
who are halfaslikely to walk regularly and for
the over 65 who are threetimeslesslikelyto
cycle regularly than the populationaged
between 20 and 64/74 population10

- In addition, these age-groupsarebroken
down furtherbecause the youngergroup (20-
44) has a much lower risk of mortality - see

step5s

Step1: Our transport model estimatesthe extra
vkmsbeing walked and cycled peryear

Step 2: Divide by the 20-64/74 populations,
average walking/cycling speed (from HEAT;
14km/h) and 365 to give hours of exercise per
person per year - assumingallpeople splitthe
exercise evenly.

Step 3. Use HEAT calculation: Divide the extra
exercise perperson in eachage group by the
reference rangegivenby HEAT, and then
multiply by the total reductionin risk thatis
associated with the referencerange(see HEAT
tool).

Step 4. If volume of exercise exceeds the capped
amount, cap.NB: this doesnothappenin any of
the modelled scenarios, asitis equivalentto 450
minutes per week of cycling or walking

Step 5: Multiply the reductionin risk for each age
group by the total all-cause mortality for each
age groupinagiven city-region - thisgivesthe
total number of mortalities per city-regionper
year that would be avoidedby increased
physical activity

Step 6: Calculate the averagenumber of life
yearsremainingfor each age group - e.g., older
age groupsare likely to live lesslong

Step 7: Multiply this by the number of expected
mortalities(5) andthe VOLY to give atotal value
of life lost per year

10 DT statistics CW0305: Proportion of adults that walk or

cycle, by frequency, purpose and demographic, England,
2018-2019

Step 8: Create alag so thatit takes 5 yearsto
accrue total benefits, with20% created in the first
year, 40%in the second etc

Step 9: Discountby 1.5%: we use the Green Book
recommended discount rate for health benefits
as they are pure health benefits.

3.3.6 Excesscold

Our estimates ofthe social costsand benefits
associated with the avoidance of excess cold
follow an experimental method basedon
evidence from Building Research Establishment
and Cambridgeshire County Council

What benefit is being measured

Savingsto the NHS per annum if excess cold was
eliminated.

Inputs

From the domestic buildings model, we consider
only the deployment ofthose low carbon
measuresthathave the potentialto increase heat
(e.g.insulation - ‘heating low carbon measures).

Source

Main source

BRE: Costof Poor Housing Briefing Paperv3
(Nicol, Roys & Garrett, 2015)

Supplementary sources

- The potential of each domestic ‘heating low
carbon measure'toincrease heatin degrees
C (using data from NationalHousingModel
based on SAP scoresi11)

- Excesswinter deathsin each city-region, ONS

Key design assumptions

BRE®2estimate the potential NHS savingsif25
differenthousing hazards wereeliminatedin the
UK The largesthazardis “excess cold’ which
was estimatedto cost the NHS £848min 2015
(£1.4bnin 2020 prices). The approach setout
below allocatesa proportion of these potential
savingsto the successful deployment of low
carbon measuresthatincrease domestic warmth.

Thisapproach isexperimental, was designed for
this study and should be used with caution asthe

1 Standard Assessment Procedure - BEIS 2013

2 Gov.uk, updated by BRE: Cost of Poor Housing Briefing
Paper v3 (Nicol, Roys & Garrett, 2015)
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causal pathway from improved housing
measuresto lowered likelihood of morbidity or
mortality from excess coldiscomplex and this
study doesnothave sufficientdatatodraw a
directline fromoneto the other.

However, the assumptions used are conversative
andthe resulting benefitsare not significant to
the overall analysis (excess cold benefits
represent ~1-5% of all social benefitsin any given
city-region/scenario).

- Assumption: The modeldoesnotcontain
informationon incomedistributionsoiitis
assumed thatall low carbon measures
generate the samelevel of benefits, even
though, insulation in a poorer household
would be morelikely to eliminate excess cold

- Assumption: Excess cold creates wider social
costs through lost productivity and reduced
utility (itis unpleasantto live in acold home).
Thisstudy doesnotconsider the former atall,
which islikely to be significant, butthe latter is
includedin *Home Comfort" benefits (see next
section)

- Assumption: Thismethod assumesadirect
link between temperature increase and health
benefitsand makesno provisionfor other
impacts of temperature e.g.(1) increased
temperature may also decrease dampness
which has health benefits (2) increased
insulation may increase the likelihood of
excessheatin summerwhich hashealth
disbenefitsnot consideredin this study

Valuation methodology

Step 1: Calculate the total value to the NHS of
eliminating excess cold Two datasetsare
combined:

- BREshow that60% of total NHS costs are due
to excesscold(£848mof£1.4bn)

- Cambridge Research Group showthatthe
total cost to the NHS of ALL housinghazards
is£2bnp.ai3

- Therefore, we assumethatacost tothe NHS
of £1.2bn p.a.can be associated with cold-
related housing hazardsthat can be tackled
by warminglow carbonmeasures (60% x
£2bn)

- Thisisinflatedto 2020 pricesto give afigure
of £1.43bn NHS costsi14

13 Gov.uk / Cambridgeshire County Council: The cost of poor
housing to the NHS (2019)

Step 2: Allocate NHS coststo city-regions. Total
NHS costsare splitbetween city-regionson a
populationbasis, but weighted for that city's
experience of excess winter deathsin 2018/19
(ie.pre-COVID)

- Assumption: Weighting NHS costs per city-
region by observed excess winter deaths:
Excesscold deaths depend on many factors
including ambient wintertemperature,
housing stock and poverty levels ofacity. In
the absence of an analysis of these factors, it
is assumed that observed excess winter
deathsin a city-region could be considered
indicative ofthemall

- Assumption: Excess cold baseline: Analysis of
long-term trends show thatexcess winter
deathsinthe UKare falling by approx.1% p.a.
even asthe populationrises. Thismay be
because of the factors mentioned above
(warming temperature, improved housing)
andit meansthatin the absence of low
carbon measures, NHS costs would reduce
over time. Therefore, thislong-termtrendis
extrapolated and usedto reduce the total
amountof NHS savingsavailable by ~1% p.a.

Step 3: Allocate NHS coststo each low carbon
measure deployed

Domestic low carbonmeasuresthatincrease
heatare selected (67 outof235).

- Assumption:only low carbon measuresthat
increase temperature infer 'anti-excess cold'
health benefits - therefore insulationis
included, heat pumpsare excluded

The temperatureincreaseof each isusedto
calculate a warming factor per low carbon
measure®

- Assumption:thereisadirect, linear
relationship betweenthe extentto whicha
measure increases temperature and that
measure'sreductionin NHS costs

- Assumption:Measuresthatlowerheat -
thermostats, behaviourchange - are assumed
to notbe deployed by householdsthatare
already cold, therefore there isno excess cold
disbenefitapplied to those measures

14 Using an NHS inflation rate of 2% based on PwC research -
available to discuss onrequest

15 ONS - Excess winter deaths by Local authority - England
and Wales only - 2018/19

16 Using data from National Housing Model / SAP scores -
See Standard Assessment Procedure - BEIS 2013
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The warming factor is corrected by deployment
potential so that 70% of max deployment =100%
of NHS cost savings

- Assumption:an assumption mustbe made
aboutwhether total excesscoldis fully
eliminated when allpossible EPC measures
are deployedor ata lower level. Thisanalysis
assumesalevel of 70%. Thisis based on
evidence showingthat37%ofallhomes
surveyedin England haveatleastone
significanthazard17, whichmeansthatthe
total NHS costs could be avoidedifonly those
37%of homesreceived warming low carbon
measures. However, itisnot possible to
disaggregate atthe household level soan
assumption ismade thatonce deployment
reaches 70% of potential, allthe at-risk 37%
would be covered

- Note: A more means-testedrollout of
warming low carbon measures would
generate higher NHS savings faster, buta
more market-based approach(incentivesto
install insulation thatincentivise richer
householdsfirst) would likelyresultina
slower reduction in excesscold

Use the corrected warming factor to assign a
total £ value for each low carbon measure in
each city. The total NHS costs can now be split
between low carbonmeasures so that for
example, in an average bungalow cavity wall
insulation installed between1976-83isworth
£140 p.a.in avoided NHS costs

Multiply these £ values by the number of each
low carbon measure deployedin eachcity-
region/scenario eachyear

Discountbenefitsat15%(these are purehealth
benefits so discounted atreduced rate)

17 Gov.uk / Cambridge Research Group: The cost of poor
housing to the NHS (2019)

3.3.7 Home comfort

This benefitfollows BEIS guidance® on howto
value the additional comfortthathouseholds
receive frombeingable to use domestic
appliances(e.g.heating, lighting) more whenthe
energy efficiency ofthe appliancesimproves.

Whatbenefitisbeing measured

Thisbenefitvaluesthe “rebound effect”. Thisis
the extentto which energy efficiency measures
resultin households saving money on their
energy billsenabling themto afford to use these
appliances more leading to an improved quality
of life (ile.warmer, more well-lithomes).

Inputs

From the domestic buildings model:the
deploymentofthose low carbon measures
where areductionin energy usage(and
therefore energy bills) may lead to higherusage
(148 out of 235). For example amore efficient
ovenisincluded, lowering of athermostatis
excluded.Heat pumpsare also excluded asthey
are more likely to increase fuelbills so there
would be no rebound effect

Sources

Main source

- BEIS(2021) - guidanceon howto value direct
rebound effects1g

Supplementary sources

- Committee for Climate Change (2013) 20 -
discussion of how the energy savings
potential of low carbon measuresisrarely
reached because of in-use, comfortand
inaccessibility factors. Thisanalysis only
considerscomfortfactors, butthe context
may be useful for further analysis

- UKEnergyResearch Council(2007)21 -
extensiveevidence of the size of the rebound

18 Valuation of energy use and greenhouse gas:
Supplementary guidance to the HM Treasury Green Book on
Appraisal and Evaluation in Central Government (October
2021)

19 Valuation of energy use and greenhouse gas:
Supplementary guidance to the HM Treasury Green Book on
Appraisal and Evaluation in Central Government (October
2021)

20 CCC / EST (2013) - Review of potential for carbon savings
fromresidential energy efficiency

2 UK Energy Research Council (2007) - The Rebound Effect:
an assessment of the evidence for economy-wide energy
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https://www.theccc.org.uk/wp-content/uploads/2013/12/Review-of-potential-for-carbon-savings-from-residential-energy-efficiency-Final-report-A-160114.pdf

effectin different settings, concluding that
“The directrebound effects were estimated to
reduce overall energy savings by 15%"

- Assumption:in practice, the extentto which
the rebound effectis presentdiffers
significantly butacentral rate of 15%ischosen
forallmeasures

- Assumption: 0% rebound effectis applied for
publicand commercial usage:the paper gives
some evidence that offices, schools, hotels
etc. are notconstrained by energy pricesto
the same degree ashouseholds

- Assumption:indirectrebound effectsare not
considered atall - i.e. wheremoney saved on
energyisspentin the wider economy,
increasing enjoyment

- Assumption:reboundratesremainat15%
throughoutthe study - thereisno reduction
over time thanksto exogenous changesto
buildings standards or energy prices

Valuation methodology

Step 1. Selectdomestic buildings LCMsthatare
subjectto areboundeffect

Step 2: Select which type of energy usagethe
rebound would be applied to: For example, triple
glazing resultsin gas savings(boiler usage), but
notelectricity savings, so the rebound effect
appliesonly to gas; low-energy lighting only
affects electricity use; a gascombi-boiler saves
both electricity and gas.

Step 3: Calculate 15% of the energy savings for
each measureeach yearin kWhs

Step 4: Multiply thisby the numberof measures
deployed eachyear and by the retail price of that
measure

- Assumption: Analysis of costsin this study
alwaysuse the long-run variable cost of
energy, butthe rebound effectusesthe retail
price. Thisfollows BEIS guidance: because the
retail price isthe price households pay to
increase theirheating or lightingitistherefore
a revealed preference of their willingness to
pay for thisexperience

Step 5: Benefitsare discounted at 3.5%

NB:in the buildingsmodel(see pg11), the
rebound effect mirrors the approach takenhere.
ie.the15%increase in energy usage isappliedto

savings from improved energy efficiency / Barker and Foxon
(2006)

the same measures, whichincreases emissions
accordingly

3.3.8 Bike lane ambience

We follow Department for Transport guidance on
the extrajourney quality acyclistreceives when
cyclinginabuslane asopposedto an open road.

What benefit is being measured

When cyclingin abuslane cyclists feel safer and
have less-interrupted journeys. Many cyclists
wouldbe willing to pay a small amount for this
extrabenefitand DfT have created a
methodologythat seeksto capture thatvalue
created.

Note thatthe total value of thismeasure issmall
(«1% of all social benefits)andin our main report
and economic supplementary analysis we do not
presentitseparately butasa partof physical
activity benefits - butthe methodology usedis
distinct.

Inputs

Fromtransport model extra vehicle kilometres
(vkmes) travelled by bike per city-region/scenario

Sources

DfT WebTAGA41.6: Valueofjourney ambience
benefitof cycle facilities

Valuation methodology

Step 1. Translate bike vkmsinto minutes spent
cycling each year by dividing by average cycling
speed(14km/h)

Step 2: Create aconstant(17%) to understand
how much ofthistime iss spentin bike lanes by
multiplying the assumed % of all kms spentin
bike lanesby the assumed difference in speedin
bike lanesversustheroad

- Assumption:20%ofall kmstravelled arein
bike lanes. Thereisvery little dataon what %
of time cyclists spendin bike lanesversusthe
open roadin UKcities, but20%is thoughtto
be a reasonable levelfor non-Londoncities

- Assumption:Cycliststravel 15% faster in bike
lanesbecause of fewer interruptions. There is
very little data on difference in speedsin bike
lanes, butthisis thoughtto be reasonable

Step 3: Multiply total bike minutes p.a. by this
constantto give bike lane minutesp.a. For each
city-region/scenario
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Step 4: Calculate the average benefitgenerated
per minute of cycle laneusage by averaging the
5 typesof bike lane givenin WebTAG

- Assumption: Thisstudy assumesthatagiven
level of bike usage will create demand for
more cycle lanesbutnot whattype of lanes.
DfT providesvaluesfor time spentin (1) Off-
road segregated cycle track, (2) On-road
segregated cyclelane(3) On-road non-
segregated cyclelane(4) Wider lane (5)
Shared buslane. We assumethatjourneys are
splitevenly between all 5,and so use the
mean value of 3.79 pence per minute

Step 5: Multiply bike lane minutes p.a. By this
value to generatetotal benefits

Step 6: Benefitsare discounted atarate of 3.5%
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4 GVA and jobs

This section explainshow wehave modelled the potentialimpact on GVA andjobs associated with

decarbonisation.

Whatis being measured

Decarbonisation will require significant
investmentin many sectorsofthe economy, and
it will also create significant cost savings.Each £
spentin a sector createsadegree of economic
growth (gross valueadded, GVA)and job growth
in that sector and other sectors. Each £ saved,
conversely reduces growth.However, the
relationship betweeninvestmentand GVA/jobs
differssignificantly for each sector - i.e.a £ spent
in retail createsmorejobsthan a £ spentin
electricity transmission. So the way in which
investmentand savingsare spread across
differentsectorswill affect future GVA growth
andjob creation.

Input-Output (I0) modelling of thistype isa good
estimate ofthe potential growth andjobsthat
can be supported by a given level of investment,
butitis subjectto a seriesof assumptions:;

- Assumption: UKIO table: We use a UK-level
IO table for thisanalysis whichmeansthe
analysisassumesthatinvestmentismade in
an economy with the same structure asthe
UK economyand noteach individual city -
region. Although all our investments are made
locally (purchase of heat pumps, EVsor
constructionof bike lanes), muchofthis
investment will ‘leak’ into other partsofthe
UK In some sectorsthisisnotsignificant
(mosthome retrofitsare likely to be carried
outby local tradespeople) butin othersitis
(increased EVswillnotlead to local
manufacturing jobsexceptin placeslike
Oxford and Sunderland where EV factories
are located)

- Assumption:International leakage: In addition,
much ofthe investment will flowout ofthe
UKandinto other countries - foreign battery
production.For each LCM, an assumptionis
made, based on evidence about what % of
that productor serviceislikely to be
producedinthe UK

- Assumption: Static economic structure:
economies change over time, butwe use a
static IO table thatassumesthe same
structure to the UKeconomy over 30 years

- Assumption:Nointeractions:Investment of
the scale requiredin thisanalysis would
change the price of goodsand labourand
wouldalsoresultin regional dynamics - ie.
labour prices mightincreasein those places
with EV factories. It is possible to build in such
interactions (CGE modelling), butthisanalysis
doesnot

- Assumption: Type Imultipliers. Direct
economic spend createsindirect spendand
induced spend. This study only usestype |
multipliers(Direct +indirect) but we have also
builtin the option to include type llmultipliers
(Direct+indirect+induced). Thishasbeen
ignored but would add approximately 20% to
both GVA growth and jobs

Inputs

Fromthe transportand buildings models:
Expenditureby LCM

Sources

Main source

ONS, UKinput-output analytical tables (2017)?

Supplementary sources

Various sourcesincluding trade magazines,
governmentguidance and academic papersthat
describe:

- thevarious subcomponentsplitsin the costs
of LCMs2

- The % ofwhich sectoralspend perLCMis
likely to take place in the UK

SIC Code.co.uk - database thatmatches
economic goodsand activities (i.e. LCMs) with
their respective Standard Industrial Classification
code, and thereforethe partofthe economy
their expenditure stimulates

ONS productivity estimatesto correct for jobs
createdinthe future?

22 ONS, UKinput-output analytical tables (2017)

23 For example, BEIS (2020) Cost of installing heating
measures in domestic properties
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Overview of methodology

Step1: Split LCMsby costtype: Most LCMsmust
be further splitdown fromtheirheadline cost
into subcomponents. Eg.heatpumpscost£9-
17,000 in thisanalysis butthat comprisesvarious
costs which affectthe economy in different ways.
Various sourcesare usedto splitthese costs

Step 2: Assign each LCM costto a broad sector,
e.g. Retail, Manufacturing

Step 3. Lookup detailed sectoral SIC codes by
searching for eachon SICcode.co.uk

Step 4: Splitexpenditure by what % of it takes
place in the UKusing various sources

Step 5: Direct expenditure per LCM: By
multiplying the cost split per sector, withthe UK
splitper LCM, create avalue for each LCM which
showshow many pencewould stimulate each
UK sector for £1 spenton that particular LCM

GVA

Step 6a:Calculate direct GVA per LCM: multiply
directexpenditure per LCM by the GVA fo output
ratiofor each sector to give Direct GVA per
sector for every £1 expenditureon eachLCM

Step 6b: Calculate indirect GVA per LCM:
Multiply direct GVA by either Type lor Typelll
multiplier for each sector to give indirect GVA per
£1spentoneach LCM

Step 6¢: Calculate total direct + indirect GVA
per LCM. Multiply the previous step by the total
real £ expenditure perLCM per yearto give GVA
growth per sector, and overall

24 ONS, Supplementary forecast information, monthly profiles
and long-term determinants (2021)

Jobs

Step 7: Repeatstep 6band 6¢ butinstead of
using Type I/IIGVA multipliers, use Type I/IIFTE
effects. These calculate the number of jobs
created by £1m spendin each sector

Step 7b: Correct for productivity. £1m (inreal
prices) spentin a sector now may create 10 jobs,
butin20years'time, itis likely thatthat sector
will have become more productive either
because fewer people can do the same job
better, or because ofautomation. To take these
factorsinto account, we correctthe job creation
numbersusing the ONS long-run productivity
estimates. This data estimatesthat productivity
willgrow by ~14% p.a.(and thereforeit will
require1.4%more investmentin real termsto
create the same number of jobs).

Assumptiorn:\We assumethatall productivity
gainsare labour replacing.
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5 Setting up non-London Urban UK

To buildarepresentationof Urban UK the first step was to define the population that we are representing.
Thereisno setdefinition of “Urban Population” with variation between each of the four nations of the UK.
The World Bank defines the urban population as representing 84% (2020, W orld Bank) of the total
populationofthe UK Thishasbeen defined using Output Areas, while ouranalysis has focused on Local
Authorities, therefore, thiswas setasan initial targetin Local Authority selection.

Step 1 - City-regions - Coverage up to 54% of UK population

It was decided thatthe project should focus on city-regions / combined authorities (these have a mix of
dense and sparse builtenvironmentand a central political mandate). In Phase 1, 21 city -regions were
defined using the following definitions:

Should be awider city-region ratherthan justacity core

- Containsurban, suburbanand peri-urbanenvironments

- Coherenttraveltoworkareas

City-region should be an official ‘city-region’ or combined authority

- Unambiguous boundaries
- Clear politicalmandate for place
- Easeof accessto data

Step 2 - Primary Urban Areas - Coverage up to 67% of UK population

The analysis was extended to include Primary Urban Areas (PUASs) which weren'tincluded in our city -
regions - these are the "built up areas that provide a consistent measure to compare concentrations of
economic activity acrossthe UK These are distinct from city-regions or combined authority geographies.
Note all our city-regionsinclude PUAs butextend the areato wider conurbations.

Step 3 - Further selection of Local authorities to catch those missed - Coverage up to
847% of UK population

We have used a definition of urban places using two maincriteria:
- Populationi.e.areasforming settlements with populations of over 10,000 (DEFRA), and
- Accessibility, commutable distances equating broadly to areas withina 30-minute drive of a settlement

Using this definition we can use a hybridised approach of the Scottish, Welsh, English and Northernlrish
governmentsto categorise each local authority against a six-fold classification.
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Table 11: Six-fold urban-rural classification

Class ClassName Description

1 Large Urban Areas Settlementsofover 125000 people

2 Other Urban Areas Settlementsof10 00010125000 people

3 Accessible Small Towns  Settlements of between 3000and 10 000 peopleand withina 30
minute drive time of a Settlement of 10 000 or more

4 Remote Small Towns Settlements of between 3000and 10 000 peopleand with a
drive time of over 30 minutesto aSettlement of 10 000 or more

5 Accessible Rural Areas with apopulationoflessthan 3000 people and withina 30

minute drive time of a Settlement of 10 000 or more

6 Remote Rural Areaswith apopulationoflessthan 3000 people and witha
drive time of over 30 minutesto a Settlementof10 000 or more

Alllocal authorities for which either Class 1, 2 or 3 were selected and added to our analysisarea.

Step 4 - Remove London - Coverage to 75% of UK population

In the transport sector modelling rail, metro or tram travel is not considered. These make up 2% of journeys
in most UK cities, but 15%in London, Giventhat London isa significant outlier. All 32 London Boroughs
were removed from the analysis.

Step 5 - Data sources and deployment potential

To buildarepresentative picture of Urban UK as defined above data for each Local Authority selected
above gatheredincluding population, number of homes, area of commercial space and energy
consumptionattributable to each mode of transport. This enabled the deployment potential of each low
carbon measure to be estimated for each sector:

- Transport - using bottom-up aggregation of BEIS Tonnes Oil Equivalent data from all selected Local
Authorities

- DomesticBuildings - Applying population and numberof homesasa scaling factor to the calculated
deployment potentialof measuresin the 6 analysed city -regions

- Commercial and Public Buildings - Applying area of commercial space and Gross Value Added asa
scaling factor to the calculated deployment potentialof measuresin the 6 analysed city-regions.

%5 Source: NTSQQ03: Average number of trips (trip rates) by main mode, region and Rural-Urban Classification: England, 2018/19
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