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E.1.0 Executive Summary

E.1.1 Introduction

The United Kingdom is legaflsquiredto achieve nezero greenhouse gas emissions by
2050 Emissions from the construction sector accountdermuch as 40% of total
national emissionsalmost all of whiclwill have to be eliminated over the next thirty
years.

This will require @o-ordinated programme ointerventions,such asenergy efficieny
retrofit, deployment of lowcarbon energyonsite generationgnergystorage and smart
systemsThese interventions witileedadditional workers equippedwith the skills
required to delivethem. This researchcharacteriseshe skills requirecand proposes a
route map to develop them.

The project haseceived inputfrom a wide range of stakeholdgrincluding:

Construction Industry Training Board

Department forBusiness, Energy & Industrial Strategy
Committee on Climate Chge

Scottish Government

1 WelshGovernment

E I

E.1.2 Methodology

The project has drawn onwide rangeof sources of information, together with close
collaboration with stakeholders, particularly CITB, BEIS andT@€Gur mainelements
of the methodology are set outelow:

E.1.2.1 Literature review

An initial review of available literature was undertaken using the Rapid Evidence
AssessmenfREAMethodologyto search documents for references to terms relating to
the research question#\s the project progressed, the initREA wasupplemented

with materials suggested or provided by interviewees and stakeholders. Additionally,
duringthe researchseveral related research projects have published reports, which
have also been integrated into this research.

! The Climate Change Act 2008 (2050 Target Amendment) Order 2019
https://www.legislation.gov.uk/ukdsi/2019/9780111187654
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E.1.2.2 Interviews

Aprogranme of 48 irdepth interviews was conducteatross a wide rangef o
respondents, representing governmeimgdustry bodies, construction companies,
academics and other specialiséstopic guide was developéd ensue consistency, and
interviews were recorded and transcribed to ensaceuracy. The findings of this
exercise have beefundamental to development of the report, but were also used more
immediately to inform a quantitative survey.

E.1.2.3 Survey

Based on theesearch questions and the findings of the qualitatiméerviews, an online
survey was developed tgather more widely representative views. This received 281
responsesand demonstrated a high level of engagement wvitie net-zero agenda.

E.1.2.4 Model

The Committeeon Climate Chang@CCChas suppliecn illustrativescenarioof
decarbonisation interventionssufficient to deliver nezero emissions from the built
environment across the UKo this scenario was added the results of additional research
to establish he time and qualifications required to deliver the interventiomscluding
generic skill levelée.g. NVQand specifiqualifications (e.g.-§as) Thesedatasets were
used to develop a model whidalculates the number of workers, and qualifications
required to deliverthe scenario.

The model itself is a deliverable of this project, so it can be usaddess the impact on
training and employment of different scenaridghis reportuses the output from
running theillustrative scenario provided by the CCC, whigla balanced approach
based on achieving theet-zero commitment.

E.1.3 Findings

Decarbonisation of the built environment can be usefully split into bend and
existing buildings. Nessuild tends to receive a lot @ttention, and it is important thatt
should be considered, but in decarbonisation terms it represents around 5% of the
problem andis much easier to address.

Zerocarbonnew-build solutions have been available fdecades andan be built at a
smallpremiumon existing build costb A @Sy G KS 3I2@SNYYSyidiQa  S3lf
zero, every year thatarequirement forzero-carbon newbuild isdelayedonly builds in

even greater costs in the future, and the casid disruption of upgrading buildings is far

greater.

The overwhelmingveight of effort required to decarbonise must be focussedcet

zero retrofit ofexisting buildingsApart fromsome case studieend demonstrators

there is currentlyvery little activityin net-zero retrofit, andvery little capacity Over the
next29 years, every building in the country needsuta@ergo a major retrofit, and the
people who will do it need to be recruited and trainddis research shows that this can
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be done, but theamount of effort, and thelegree of activglanning and direction
required are unprecedented in peacetime.

Net-zero retrofitcan only be achievely the diligent implementation of carefully
designedretrofit programmes, which are effectively bespoke é&wery building. It
cannot be achieved by the blarnkapplication ofsupport for individual measures, ass
beenthe case irrecentpolicy interventionsNet-zero retrofit costs tens of thousands of
pounds per household, and there aaémost thirtymillion householdsso the total cost
for the domestic sector alone will be hundreds of billiprgh norn-domestic retrofit
adding around another 50%he total cost of netzero retrofit of the built environmenis
expected tobe in the region of1trillion, orabout £35billion a year.

This project is concerned with delivery of the skills required to achievaeretacross
the UK built environment. However, stakeholders and interview respondents
representing a wealth of experience across the sector have beesistent in
characterising what else is required before decarbonisation can be achieved.

The UK will not achieve neero withoutmaking immediate andignificantchanges to
the construction sectarThere iurrentlylittle incentive toreduce greenhousgas
emissions fronbuildings andhot enoughfinancial supporto do sq the quality of work
is not good enouglnd there are not enough skilledorkersto do it. To achieve net
zero, dl of these issues must lresolved This report focusses on the last of these but,
where commentary has been prowéd or recommendations proposed to address the
other points, this too is reportedlaken together, the proposed solutions, or
alternatives, are enough taleliver the netzero canmitment.

In 2018 (the most recentear for which data are availabld)etween1.3 milliorf and 2.7
million® people were employed in the UK construction sectigpendingon how it is
measured The model developed for this research is intended to proundeght into
particular approaches tochievingnet-zerg, not torepresent government policy.
However, if the CCC scenario wésdowed without modification the model predicts a
requirement fora maximum increase in skilled workers9&f348in one yeaywhich is a
growth rate 0f3.45%in one yearAs a simple rate of growth, this is manageable, but of
course it requires the trainingpfrastructure to be in place.

Alsq this headline figure hides important detalor examplethe modelled scenaries
based on a programme of energfficiency retrofit, focussing first on building fabric
Retrofit projects require cordinated designwhich needs qualified retrofit designers
and retrofit designers need experience and take tiraertin, so there are some

2 Office of National StatistigS8onstruction statistics annual tabl2618 dataset:
https://www.ons.gov.uk/file?uri=%2fbusinessindustryandtrade%2fconstructionindustry%2fdatasets%2fco
nstructionstatisticsannualtables%2f2018/csa2019maintables.xlsx

3 Construction Skills Network Report (CITg)s://www.cith.co.uk/Documents/research/CSREPORTS
2019-2023/CSN%20report%20for%20UK%2022023.PDF
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bottlenecks that emerge from modelling the scena&amilarly there are issues that
must be carefully managed around-sé&illingand just transitionthere are around 30
million homes in the UKNd most of themwould benefit flom better insulation, but
once they have all been insulated, there will no longer be much requirement for
insulation installers Thepurpose of the modeiks to identify such issueso thatinputs
can be modified, osteps can be taken tmanage the conseances.

Skills development in the construction sector is demdettlbut there iscurrentlylittle
demand for decarbonisatigrso little incentive to develop the skills requitdfidemand
is createdwithout planning for skills development, there will beag lin the supply of
skilled workers which will cause a delayntet-zeroimplementation that we cannot
afford. It is therefore important to forecast what skills will be required, and to ensure
that the resources are in place ahead of demahide following.ecommendations set
out the main actions that are required to plan ahead, so tigttzero can be achieved
efficientlyacross thaJKbuilt environment

E.1.4 Recommendations

The following is a summary of the recommendations deriving fronptbgect, which
are discussed in greater detail in Secto&

Business as usual dematetl develgpment and provision of training will not be enough
to achieve netzero.

A working group of stakeholders should be convened to conduct a gap analysis of
existingcourse contentand agree responsibility, resources and timescales for the rapid
development é revised and improved course content and new courses required to
achieve netzero.

A ommitment to a specific decarbonisation pathway is requiiedluding adopting a
position onthe use othydrogenfor heating, and planning obnes for heat networks
and heat pumpgand hydrogen)Low-carbon retrofit or newbuild in zonesnust then be
in accordance witltheseplans.

Based on the example decarbonisation scenario used for this reporiediate action is
required tobuild up the resources and facilities address aritical shortage in retrofit
design roles, which require experience aa#le time to train, with particular gaps in
non-domestic and traditional buildingshere is also al®rtage in specialist building
envelope installer rolesrhich requiresmmediate attention Training ofthese and other
skills required should be supporteslo that it is delivereth advance of demand, in
accordance with th@lanned decarbonisation scenario

The gap betweedesign and operational performance (thberformance gap) is by itself
sufficient to preclude the achievement of neero. Steps must be implemented to close
this gap, including.g.updating procurement to make operational performance a
condition of contractsimplementing improvinginstitutional competence (e.g. through
management systemsnd implementingncreased orsite scrutiny (e.g. through Clerk
of Works role).
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Support for deployment of noegrets interventions (e.g. cavity wall, loft insulation,
smart meters, smart thermostats etshould be rolled outimmediately, while

developing resources to deliver those with more complex training requiremémts
particula, there ispotential for early wins through the deployment of smart metering
and BEMS (particularly in a ndiemestic context) tonodel consumptiontarget

efficiency improvements and modulate demand in periods of high grid carbon intensity

E.1.5 Summary

Thisresearch has shown that neerofor UK constructiortan be achievedut not
without radical changes to theector.

Training provision must be planned and managetively, demandled training will not
be sufficient.

Care must be taken to manage the gvth and decline ofrades as the built
environmentand the construction sector ateansformedat an unprecedentedcale
and pace

More support igequiredacross the board for retrofit skills, and additiondty skills in
traditional buildings, and in modern methods of construction.

Atransformation is required imdividual and institutional competencé¢o close the
G LIS NJF 2 oM beyv@eh design and operational performance.

The recommendations of this report can deliver{zeto enissions from the built
environment, but only if they are supported by robust and consistent policy to create
confidence in longerm demandfor net-zero skillsand funding to support retrofit ithe
public sector, housing association, rented and owoewpied buildings

Implementation of the recommendations in this report will ensure that tlh@struction
sector is readyo delivernet-zerowithout delaywhen policyrequires itto do sa
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1.0 Introduction

The Construction Industry Training Board (Cig e industry training board for the
construction sector in England, Scotland and Wales. Its robehislp the construction
industry attract talent and to support skills development.

This report sets out the findings of the project undertaken by Eunomia Research &
Consulting Limited (Eunomifgr CITBto identify the skills and trainingequirements
generated by he commitment by the governments of the United Kingdom and devolved
administrations to achieve netero greenhouse gas emissions (by 2050 for the UK, 2045
for Scotland and 95% by 2050 for Wales).

1.1 Aims

Based on the recommendations of the Climat& I y 3 S / 2(COCNet-ze®S Q a
Report' and related research, the aims of the project are to:

1 understand the implications for the built environment workforce of the UK
D2OSNYYSyiQa O2YYAUYSyl ndizrodarbdnS3 | £ £ &
emissions by050(and related targets in devolved administrations)

1 demonstrate that government ambition can be achieved and that evidenced skills
barriers can be addressged

1 prioritise action for industrygovernment,and other stakeholders.

TheQCQGin its Net Zero rport* has identifiedseveralcritical skillsrelated problems that
are hindering progress:

1 availability of skills to suppothe deployment of measures such as heat pumps
and insulation

1 skills gapghat lead to the performance gap in new build and retrpfit

1 skills for alternative approaches to improving heritage buildings

1 support to train designersbuilders and installers for lowarbon heating (esp.
heat pumps), energy and water efficiency, véaiton and thermal comfort and
property-level flood resilience.

Within the context of the overall plan to achieve radro greenhouse gas emissions by
2050, he projectaims to consider:

1 current issues

4 Net Zero: The UK's contribution to stopping global warming (Committee on Climate Change) May 2019.
https:// www.theccc.org.uk/wpcontent/uploads/2019/05/NetZeroTheUKscontributionto-stopping
globatwarming.pdf
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1 issues emerging in nextql4 years
f potential issuesn next 5¢ 10 years
1 pathwaysto look at impact 10 years

It is important tonote that skills are distinct from jobs, and that the skills required in
coming years will include both those that are currently in operation and new a@es.
the netzero planfor the built environment progresses, the skills required will change,
which will in turn require workers to rekill and move from one job to another.
Managing tlesetransitionsis a critical elemat of this programme.

1.2 Scope

The projectincludesthe wholeof Great Britain excluding Northern Irelan@@lthough the
CCC netero modelling does include Northern Ireland@he devolved administrations
and other jurisdictions (e.g. local authorities) have decarbonisation pathways and/or

timescaleswhicRA FFSNJ FNRY (GKS | YQa 20SNYftt wnpn

Within the context of various possible neéropathways(e.g. different deployment

rates of retrofit energy efficiency, heat pumps, hydrogen etc.), the progesitifies

what illsare requiredrelated to desig, construction and maintenance to reduce
energy demand and shift to lower carbon heat sources for new and existing domestic
and commercial built assets, large scale domestic retrofit-eimmestic retrofit,and

zero carbon new buildThis includs, e.g.smart temperature controls, and low carbon
energysystemg(including the construction of heat networkisjit excludesthe

deployment of offsite renewable energy, transmission and distribution infrastructure

Direct and indirect emissions from the constractiindustry itself, from its supply chain
and waste management, are not included, only emissions frontitBelLJS NJ G A 2 y €
built environment Embodied emissiorare already a significant pastthed S O 2 N &
carbon footprint, which will become increasiggmportant as operational emissions are
reduced

1.3 Methodology

A variety of methodologiesere employed tanaintaina broad perspectivef the
industry skills challenges in transitioning to +aetro buildings and infrastructurdhe
projectwas carriecbut from March toSeptember2020 and was broken down into the
followingmain tasks

Building Skills for Net-Zero 2
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Table 1-1: Key project tasks

Task

Deskbased
research-
Literature review
of baseline
evidence

Qualitative
research-
Stakeholder
Interviews

Quantitative
research- Survey

Tool-
Forecast/Scenario
Planning/Analysis

Approach

This research comprised a review «

immediate skills gaps and shortages

challenges to compliange

relevant stakeholders

advice provided by the Committee on Climate Change
key technology changes in the built environment
forecasts for economic growth

lessons learnt from the mass deployment of technolopies
and

deployment trajectories likely to impact skills and labour
market profiles.

= =2 =2 -2 -5

=]

The data found was mapped against the research questions as
listed inAppendixA.1.1.1using a matrix approach.

1 Confidential mterviews were conducted with industry
leading experts and prétioners working in construction
form across the UK. A sample frame was established to
ensure an even representation of interviewee backgroun
and interests.

1 48 interviews were completed and the findings were
summarised into themes to form an interwematrix.

A GBwide survey of construction clients/contractors was carried
out to verify the extent to which organisations agree with the
findings from theprevious interviews. Responses were collected
according to the busiss type of the respondents; either i) self
employed tradespeople or ii) respondents answering on behalf
an organisation. The questions and data points collected in eac
route were the same, with slight wording variations for clarity.
Using an onlinsurvey, a total of 281 responses contributed to th
project.

Development of an excel baséabl that allows usersto input
different net-zerodeployment trajectories for key low carbon
technologies and systems, aadalyse thgobs andskills
implications (e.g. the number of technology installers by type ar
their associated technical qualifications and skéls) explore the
implicationsof a® St SNI G Ay 3 U K&zefoY Qa 2
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Recommendations were developed to overcome the skills barri
Recommendations identified to achieve nerzera This was supported by a routeap
and route map that sets out the critical steps required to develogtbkills and
training needed

1.3.1 Reference and citation

Throughout the report, the views, comments and opinions stated are taken from
published literature or are those of respondents to the qualitative interview process or
guantitative survey. In the case tfe former, references are given; otherwise, the
source is confidential but the text indicates how commonly the view is held, and with
what authority. Direct quotes are in quotation marks. If any statement is made, which
includes the opinion of the reseaers, this is explicitly stated.

More information about the methodoldgsis presented in Appendix.1.Q

1.4 Structure of report
This report follows thdollowing strudure:

f Section2.0: Demandfor net zero skills This section sets otiow the demand for
net-zero skills is created by the requirement for th@evernments of the UK and
devolved administrations to achieve re¢ro, and the associated legislative
drivers

1 Section3.0: Supply This section sets ouhe existirg supply of the skills required,
with reference to the capacity and abilities of the sector at the moment

1 Section4.0: Skills requirementsThis section satout what skills and training are
required to achieve tl netzero target, along with observations on potential
pathways

f Section5.0 Recommendatios. This section sets ouecommendations to
overcome identified barriers in delivering the required provision

2.0 Demand for net-zero skills

This section sets out how tldemand for netzero skills is created by the requirement
for the governments of the UK and devolved administrations to achieveeret, and
the associated legislative drivers.

2.1 Net-zero

In June 2019, the UK government signed into law a commitment to achiethzero
greenhouse gas emissions by 208@t-zero means angemainingemissions would be
balanced by schemes to offset an equivalent amount of greenhouse gases from the
atmosphere, such as planting trees or using technology like carbon capture aadestor
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Thislegal requirementeplaced theprevioustargetto reduce emissions by 80%
compared to a 1990 baseline. It was recommendetheyCCCin response to
developments in climate science communicated through the work of the
Intergovernmental Panel onli@ate ChangeAlthoughthe increase from 80% to almost
100%may appear small stepeliminaing nearly all emissions is considered to be
extremely challenging and will require a step change in h@wse energy, travel, eat
and house ourselves.

Theachievement ohet-zerodoes allowflexibility to offsetsomeemissions using
sequestration technologis However, it should be noted th#tte scale readiness,
robustness and costffectiveness of these technologies is sofficient for them to
make asignificant contributionCurrently, the only sure way to achieve redro by 2050
is thedeployment oflow-carbon technologies at an unprecedented pace.

Devolved Administrations

The devolved administrations also have spet#igets and programmeaddressing
decarbonisation of the built environment and have responsibility for training and g
developmen aimed at delivering netero.

The Climate Change (Emissions Reduction Targets) (Scotland) Act 2019, which i
the Climate Change (Scotland) Act 2009, sets targets to reduce Scotland's emiss
all greenhouse gases to neéro by 2045 at the lateswith interim targets for
reductions of at least 56% by 2020, 75% by 2@80,90% by 2049and published
annual targets

The Welsh Governmentagreéé A 1 K G KS /// Qa |aasSaays
Ay Of dzRS&a Y2NB aKI NR (2 UR& @ ivielk inhdsi@ceritly
upgrade itgarget of achieving a 95% reduction in greenhouse gas emissions by 2
to 10094.

2.1.1 Emissions from the UK built environment

Depending on the definition and scope, the built environment in thaed d4€id to
accountfor somewhere around 40% of glteenhouse gas emissidhslowever, this
headline figure includesew construction materials, operational energy use (such as
heatingand cmling), electrical appliance use and emissifmosn transpory. Total

5 Scottish Government Climate Change Policy.
https://www.gov.scot/pdicies/climatechange/reducineemissions/

8 Prosperity for All: A Low Carbon Wales (Welsh Government) 2019
https://gov.wales/sites/default/files/publcations/201906/low-carbondeliveryplan 1.pdf

7 https://gov.wales/walescommitsnet-zero2050setsout-ambitionsget-there-sooner

8 https://www.ukgbc.org/climatechange/

Building Skills for Net-Zero 3


https://www.gov.scot/policies/climate-change/reducing-emissions/
https://gov.wales/sites/default/files/publications/2019-06/low-carbon-delivery-plan_1.pdf
https://gov.wales/wales-commits-net-zero-2050-sets-out-ambitions-get-there-sooner
https://www.ukgbc.org/climate-change/

emissions frormew construction and operation of existingilitassets amount to
around 22%with about threequarters of this coming frorthe operation of existing
buildings.This operational load is comprised of heating (54%) kaapand plug loads
(23%), cooling (15%), hot water (5%) and lighting (3%).

Figure 2.1: UK existing built asset operational demand

Hot water Lighting
5% 3%

Cooling
15%

Heating
54%
Cooking
and plug
loads
23%

SourceBuildings FactSheet, CCC.

Operational emissions aagpproximatelysplit between residential (64%), commercial
(27%) angublic (1096) 55% of commercial buildings are rent€dand 45% owner
occupied.63% ofdomesticbuildings are ownebccupied in Englatt!, with a lower
figure of around 45% in Scotlaltdind higher(70%) in Walés, the balance being made
up ofrent from private landlords, registered social landl@&dhousing associations and
local authoritieslt is widely held that th@wnershipof publicbuildingsmakes them
more amenable to addressiggeenhouse gas emissions.

9 https://www.theccc.org.uk/wpcontent/uploads/2014/08/Fackheetbuildingsupdated-July2015.pdf
10 property Data Report (PIA) 20%itps://www.bpf.org.uk/sites/default/files/resources/Pl&Rroperty
DataReport2017.PDF

11 EnglishHousing Survey data on owner occupiers, recent first time buyers and second homes
https://www.gov.uk/government/statisticafdata-sets/owner-occupiersrecentfirst-time-buyersand-
secondhomes

12 Housing statistics 2019: key trends summ@gottish Government)
https://www.gov.scot/publications/housingtatisticsscotland2019key-trendssummary/pages/5/

13 Dwelling Stock Estimates for Wales, as at 31 March Raa8:/gov.wales/sites/default/files/statistics
andresearch/201909/dwellingstockestimatesapril-201 7march-2019-225.pdf
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Figure 2.2: Percentage split of rented and owner-occupied property by type
and nation
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taken to mean that they were constructed before 1919 and have solid, breathing walls,

rather than moderrcavity wall$*. These buildings require speciskills to maintain and

improve, as described in Sectoh2.2.1and5.2.3

For decades, the UK has enjoyaatessible and relativebheap gas from North Sems
fields. As a resulithe UK building stock is inefficient and 85% of domestic heating
systems run on gas (nedomestic 70% and industry 72%)At the time ofwriting, each
kWh of energy supplied in the UK will costlzp if delivered through electricity and less
than 3p by gad® This differential of five times in cost presents a significant barrier to
decarbonisatiorvia electrification

14 http://www.understandingconservabn.org/

15 Estimates of heat use in the United Kingdom in 2013
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/3868
58/Estimatesof heat use.pdf

18 https://www.ofgem.gov.uk/publicationsand-updates/infographiebills-pricesand-profits
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2.1.2 Pace and scale

The paceat which decabonisation is undertakenan influence the intensity of the task
with shorter timescaledeading to more intensity requiredin the context of ths study,
the shorter the timescales, the greater thlemandfor more peoplewith the correct
skills This is inherently more costly and risky.

Several authoritative respondentalsonoted that G! wunpn GFNBSG Y4
the scale and pacef the change required isiuch needs to be complete by then, at full
greater thanmost of those involve@ppear to have | speed by 2040, and well on the way |
taken on boardFor example, arious studies have ;ogoé s0 (‘;"fohg"ge L";yfeg"’ze yel_ar; tF
looked at the cost ofetrofit to the required . L N .

aul NDAYy3 a2z ol
standard to meet the netero target’; these
estimatesrange from around £15,000 to £50,000 | |nterview Quote
or more for difficult buildingsThere are almos80
million homes in the UK, so if tens of tands of pounds must be spent on each, the
lowest end ofthe cost rangeas for domesticretrofit alone isSE300bn

Framing the scalef the problemin this wayprovides context foefforts undertaken to

date, for examplethe announcement by the Chancellor of the Exchequer in June 2020 to
spend £3brt & G A A YRk BN Glynisideniar anefgy efficienty Although

by historical standards, this was a significant investment, by future standards it was not
The lewel of investment required, and the associated growth in employment and
prosperity, is unprecedented; all stakeholders need to stop thinking in terms of what has
been done before, and start thinking in terms of what is required.

2.1.3 Pathways

As outlingl in secton 2.1.1, the built environment delivers significantcontribution to

UKgreenhousegaS YA daAz2zyad LG Aa faz2 OftSIFN GKIFG

approach that can be used in isolation to reduce these emissions and decarbonise the
UK. Rather, there are likely to bereore predominant use afertaintechnologiesand
approaches. fle degoyment of these and the scale to which they are implementedl|
impact the skills needed in the sector.

This sectiortherefore describes the maipathwaysfor decarbonisation of the built
environment. They are not exclusiv@nd the pathway taken witirobably be a
combination of elements of all of them.

17 E.g.http://urbed.coop/projects/beyonddecenthomes https://www.theccc.org.uk/wp
content/uploads/2019/07/Thecostsandbenefitsof-tighter-standardsfor-new-buildingsCurrieBrown
and-AECOM.pdéand others

18 hitps://www.gov.uk/government/news/rishigplanfor-jobswill-help-britain-bounceback
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The skills model developed as part of this project therefore does not specify any one
route through these pathways but allows the user to pick interventions and to see the
impact of different choices.

2.1.3.1 Hydrogen

If the natural gas currently running through the gas network were replaced by hydrogen,
greenhouse gas emissions from this source would be eliminated, as burning hydrogen
emits only water. However, there are some obsta@eslescribed in the tdé below.

Table 2-1: Obstacles to hydrogen switchover
Category Description

Hydrogen can be derived from fossil fuels (known as grey), fossil fuel
based hydrogen production combined with carbzapture, utilisation and
storage (blue), or by electrolysis from renewables (green).

Clearly, if the goal is decarbonisation then grey hydrogen is not
appropriate buthe RS LJX 2@ YSy G 2F of dzS§ KeéRN
T NB S eaptureheificiencies arexpected to reach 8895% at best, which
meansthatsm p:’z 2 ¥ | riotbbe captuied.dJillify -Ecale CCS does
not exist, will not be free and, even if the technical and economic hurd
are overcome, faces significant political, ethical and insurdaceers.

Source

Generating hydrogen from renewable energy is expected to become tl
cheapest approach in the near future, with significant scalipglready in
train.

If renewable electricity is used to generate hydrogen, which is then us:
for heat, there are energy losses at each process step (electrolysis,
distribution, combustion). If the electricity generated is used directly,
Energy these losses are much lower (transmission). If the electricity is used tc
a heat pump, the disparity increases furth8o, to provide the same
amount of carborfree energy for heating, more generation capacity is
required to do so using hydrogen.

19 Hydrogen: a renewable energy perspectiReport prepared for the™ hydrogen ministerial meeting in
Tokyo, Japan, September 2019.
https://www.irena.org/-/media/Files/IRENA/Agency/Publitan/2019/Sep/IRENA Hydrogen 2019.pdf
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Currently, per unit of energy delivered, hydrogen costs between 1.5 ar
times as much as natural gas, howeuae cos of generating hydrogen
through hydrolysis powered by renewable energy is likely to fall
significantly. If the cost of delivered hydrogen falls to a level comparab
with natural gas, the built environment could be rapidly decarbonised \
limited invesment.

Cost

Hydrogen molecules are very small, making it difficult to prevent the
compressed gas from diffusing through many materials used to make
tanks and pipes. It also reacts with the steel in pipework, making it brit
These isges are being addressed, with several utilities implementing

Transmission ,ogrammes of pipework replacement to alldiae deployment of
and storage hydrogen.

However, storage of hydrogen (or synthetic fuels generated using
renewable hydrogen) is currently easier and cheaper tharrg
electrons directly.

Hydrogen burns hotter than natural gas and cadisethe nitrogen in

the air, generating emissions of nitrous oxide, which has a global warr
potential (GWP)around 300 times that of carbon dioxide. It can be
blended inb the existing gas network up to 18%ut requires specifically
designed boilers to be burned in pure form. As well as being resistant
the higher temperatures, these boilers ensure that the temperature is

- kept low enough to minimise NOx emissions.
X
Currently, the Energy Related Products (ErP) Directive restricts NOx

emissions td6mg/kWh. If this maximumere the actual emission level
across the countnyjit would be equivalent to arounti6 gCQ/kWh
because of the high GWP of NOke carbon intensitpf natural gas is
around 180 gC&kWh, so this would represerd 91% reductionbut
might still preclude achieving neerc’?, even if the production and
distribution process emits no greenhouse gases

Assuming these obstacles can be overcome, hydrogen has the potential to make a
significant contribution to decarbonisation of the built environmewtork on developing
renewable hydrogen is envisagaaltake placen parallel with other interventions which

20 Admissible hydrogen concentrations in natural gas syst@héDeutscher Industrieverlag GmbH
https://www.gerg.eu/wp-content/uploads/2019/10/HIPS Findkeport.pdf

21 Appraisal of Domestic Hydrogen Appliances Fridash Consultancy Prepared for BEIS, February 2018.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/6996
85/Hydrogen ApplianceBor Publicatiofl4-02-2018PDF.pdf
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energy efficiency interventions, the deployment of heat pumps to properties off the gas
grid, and the development of advanced heat networks.

2.1.3.2 Fabric First

In many discusens (and in many of the intervievisr thisresearcl), there is a view that

energy efficiency mustcome first. KA & @A Sg A& 1y26y a aFFoNRO
energy efficiency interventions such as insulafidraft-stripping and improvements to

glazingshould be made to reduce demand before consideration is given to how

remaining energy demand is deliveré&ithese types of measures can often be done
alongsideadaptationmeasures to increase resilienteclimate change.

At face value, this makes s simpleenergy efficiency interventions are cesffective
within a useful timescalandoften contribute directly to a reduction in emissians
Simple interventions likeoft insulationand draft-strippingare cheap, effective and
hardly intrusive However for manybuildingsthe kind ofdeep retrofitrequired to make
enough differenceghrough energy efficiency alorie expensive and disruptive

Various studietiave shown that the cost @ffectiveretrofit programmes is tens of
thousands of pounds, making theieyond the reach of most? 23 24 However, Section
5.5.1includessome recommendations from respondents to address this barrier.

Fabric firstmay not always be the best solution, particularythe context of a rapidly
decarbonising electricity @i?®.

2.1.3.3 Heat pumps

An alternative could be to focus on decarbonising the electricity grid and developing
technologies and mechanisms to balance supply and demand, while replacing fossil fuel
heating systems with heat pumps, leaving the building fabric lgngechanged.

Heat pumps are more efficient when theyovidelower temperatre heatto buildings.
Therefore, they ofterequire well-insulated and atight buildings with high surface
area (or forced air) heat distribution systems, as found in4benid, or existing buildings
that have undergone deep retrofit. While there is significant variability (depending on
internal and external conditions, as well as operational factors) in adesigned

22 Reinventing retrofit How to scale up homeezgy efficiency in the UK.
https://www.greenalliance.org.uk/resources/reinventing _retrofit. pdf

23 {UK's housing stock 'needs massive retrofit to meet clinatgets D dz NJRGclohez2018.m
https://www.theguardian.com/environment/2018/oct/11/ukdousingstockneedsmassiveretrofit-to-
meet-climate-targets#

24 Retrofit Facffile.

http://urbed.coop/sites/default/files/2016%20URBED%20Tyrid@i0 The%20Retrofit%20factfile%20
%20facts%20and%20publications. pdf

25 STBA / Cadw Workshop at Caerphilly Castle, 23/10/2019.
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installation, heat pumps can consistently deliver a cofitof performance (COP) of
four or above (meaning that each kWh of electrical energy supplied to the heat pump
yields 4 kWh of useful heat enengy

The new generation of efficient higkmperature heat pumps, based around new
refrigerants such as-B2 ard R290, can achieve temperatures as high a¥C7@naking

them suitable as drojin replacements for existing heating systems, without any
requirement to alter heat distribution systems or building fabric. Achieving such high
temperatures does come at a dothe COP drops to around 2. However, UK grid carbon
intensity is currently about the same as the carbon intensity of gas, at around 180g/kWh,
and falling rapidly. This means that a straight swap of gas boilers fotdngberature

heat pumps would resulh an immediate reduction in emissions (from this source) of
50%, which could be improved year on year by incrementally improving building
envelope performance, and continuing to decarbonise the grid.

While such an approach would address decarbonisation, it would exacerbate fuel
poverty: at a COP of 2 and current fuel costs (see Se2tioB.1), awerage bills would
more than doubleThis in turn,could be mitigated by combining elements of energy
efficiency with heat pumjinstallation by levelling up théevyimposed orfuels with
different climate impact or throughother measures.

2.1.3.4 Heat networks

Heat networks have not been as popular in the UK as in some of our neigdpour
countries although there araround 4,000 in operation, providingome B TWh of
heat®, %’

26

https://www.theade.co.uk/assets/docs/resources/Heat%20Networks%20in%20the%20UK v5%20web%20
single%20pages.pdf

2TEnergy Trends: March 2018, special feature artiéleperimental statistics on heat networkdK

Government.
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Figure 2.3: Residential heat distribution in EU
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Figure2.3 shows the proportion of residential heat distribution systems across the EU in
2015, wih the UKamongst the most poorly represented, in terms of heat networks.
Traditional heat networks use a boiler, or at best a combined heat and power (CHP)
engine to provide heaiGas CHP is can deliver marginally logreenhouse gas

emissions than a coewtional boiler but, like any fosdiliel based heating technology, it

is incompatible with nezero.Additionally, heat losses poorly-designed systemsf up

to two-thirds have been reportetf.

As heat network technology has developed, the loop temperahas reduced. This

leads to lower heat losses, allows the use of sources of freegtade heat (e.g. from
water-courses, groundoops, boreholes, industry and effluent streams), and opens up
opportunities for interseasonal storage. Loetemperature ystems do, however, require

a heat pump to raise the temperature to a useful level (or conversely, to lower it when
the system is being used for cooling), which has implications for integration with existing
heating systems.

28 Distribution loss factors for heat netwks supplying dwellings in SAFonsultation Paper CONSP:04
https://www.bre.co.uk/filelibrary/SAP/2016/CONSR---Distributionlossfactorsfor-heatnetworks---

V1 0.pdf
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Most existing heat networks ithe UK, and many of those in development or planning

are dependent on gas boilers, CHP, Energy from Waste, or other primary energy sources
which contribute to greenhouse gas emissions. These are not compatible with the net
zero commitment, butvell desigred and executed heat networks, using loarbon

primary energy sources, can make a significamitribution, particularly in higldensity

areas

Figure 2.4: Evolution of heat networks

1G: STEAM

DH flow

Steam system, steam pipes
in concrete ducts

<200°C

DH return

Energy efficiency / temperature level

2G: IN SITU

Pressurised hot-water system
Heavy equipment
Large "build on site” stations

3G: PREFABRICATED

Pre-insulated pipes
Industrialised compact
substations (also with insulation)
Metering and monitoring

<45°C

4G: 4th GENERATION

Low energy demands
Smart energy (optimum
interaction of energy
sources, distribution
and consumption)
2-way DH

50-60°C (70°C)
——— (ULTDH <50°C)

~25°C
Data center
Energy Future
efficiency energy
— source
N lSetasona\ w
eat storage
Large :h 2 4
° le sof P — ied Biomass
° scale solar i Large | > conversion
) scale solar ~— 2
2 —_ &
= ) ‘ 2-way E
g Biomass - District 5
= CHP Biomass — Geothermal = Heating S
g oo e.g. supermarket o
£ ]
G ] =
: J 3
PV, Wave - A
Industry &_ Wind surplus, < \-> ’ g"—épmass e
surplus Electricity — Y !
\ ( Cold-
1 Centralised storage
Heat- 9 district
Heat- Heat- ~
storage storage L storage a .5% cooling plant
I
CHP waste, 7 "
Steam- CHP coal ol # Industry I A Centralised
storage CHP oil CHP coal surplus — heat pump
1]
Coal Coal Gaé‘v‘vacste,‘ .P o
oal il, Coal low enert
Waste Waste T Buldings

CHP waste  District Heating

Local District Heating
incineration

District Heating District Heating
Development

(District Heating generation) /
Period of best

available technology

-

+ >
4G [ 2020-2050

1G/1880-1930 2G /1930-1980 3G /1980-2020

Source: Wikimedia Commoftis

Thecurrent pipeline of proposed heat network projecsggests a healthappetite for

this technologyalthoughon the basis ofhose involved with the Heat Network Delivery
Unit*%in England and \ales a depressingiumber of project87 out of 112; 77.7%

the latest repor) still propose to lock in greenhouse gas emissions by using gas boilers,

29 Andoland Henrik Lund et al: 4th Generation District Heating (4GDH): Integrating smart thermal grids
into future sustainable energy systems. Energy 68, 2014, Hoi:10.1016/j.energy.2014.02.089
30 (England and Was only). Heat Networks: 2020 Q3 Pipeline. BEIS.
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CHPand waste incinerators abke primaryenergy sourcelnformation onScottish

projects’tis harderto analyse systematically bthe story appears to be similar.

¢tKS NBOSyife Oft2aSR 'Y D2@SNYyYSyid O2yadzZ Gl A
CNJ Y S 4 2 Ndd Somé guéstiodsRelating to the decarbonisation of future

networks relating to cosumer information, the requirement for regulation (or other

mechanisms) to decarbonise heat netwgrksid changes that could be made to the

Environmental Permitting Regulationséacourage the use of waste heat, and heat

from waste incineration.

The GreerHeat Network Fund Call for Evidence, which closed 8nd@&ober 2020
included questions regarding technology options for heat network decarbonisation
which referred toprimary energy systems including waste heat from industry and
incineration.

Thissuggests that Government is aware of the issues and is seekpeyt advice.
Specifically in the context @faste heat from industry, and particularly from
incineration, it is important thaproposals should be consistent with rRe¢ro andwith
interim dea@rbonisation targets

2.1.3.5 On-site energy

Finally,an important aspect cany decarbonisation pathway is likely to rest on the
development ofon-site energygeneration storageand management systems.

The scope of this report excludes the type of laigmle renewable energy generation
that has been so successfuldacarbonising th&JK electricity grid, but theres still a
wide range of technologies that should be considered.

Depending on the buildingna energy requirementspof-mountedsolar photovoltaic,
thermal or thermodynamic panelsan make a significant contributiodvhen combined
with electricalor thermal energy storage systepmmmart meters andbuilding energy
management systems (BEM8)isimpact iseven greater.

Recent developments in smart, connected systetogether with developments in the

UK electricity marketmean that even individual domesticale systems can ndearn
usage patterns and predigtrid carbon intensityand electriciy price.Without any
requirement for intervention from the user, these systems can optimise energy use and
storage to minimise emissions and co#ts.the transport fleet is decarbonisgithese
systems can increasingly be integrated wEY batteriesas wdl as domestic batteries, to
providegrid-balancing services which will in turn allow greater deploymemenéwable
energy generation tohe grid.

These systems adeveloping and improvingapidly, which can make it difficult to
predict what their role may be in decarbonisation. However, they also tend to be

31 (Scotland) District Heating Scotland websitips://districtheatingscotland.com/map/
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designed to be installed easily, and to be compatible with a wide range of existing
systems so the skills implications of their deploymeran beless onerous thanther
approachesintelligent Energy systemill be essential fooptimising the deployment of
intermittent renewable energyas well as the rate of decarbonisation of the built
environment.They form an integral part of the Wel€ptimised Retrofit Programme.

2.1.3.6 Implementation

It should be noted that this approach to assessing and modelling the requirement for
skills to deliver netero in the built environment is not intended to imply that
implementation of these measures shouldléel the same pathFor example,te
deployment of large numbers of heat pumps! be required, but not irone go.A

critical aspect of successful implementation of 1zeto retrofit is that it must be
bespoke, with each project being designed specifidallyach building (albeit with
opportunities for economies of scale in situations where there are multiple identical
buildings, such as the ewrdinated retrofit of entire streets).

Nonetheless, thibespoke approach will ultimately result in deploymeniraividual
measures in the numbers measured, which will in turn lead to a requirement for skilled
workers. The devolved administrations were particularly keen to emphasisertass
implementation of measures was not their policy, however as discuskidstnot
intended to be implied by the structure of the model.

2.1.3.7 Example scenario

The route mapdescribed in Sectiof.1.1, aims toprovide an overview of these padbte
pathways, how they interact, and how find the best route to rapidiecarbonisation.

2.1.4 Related research

In addition to the publications reviewed in the Rapid Evidence Assesamdattaken at
the start of the project, consideration has also been giteerelated research that has
been published while the projegtas underwayrelating to theimpact of netzero on
training and other aspects of the construction sector and related secidrsse
publications are summarised in Appendixl.2.2

The skills implications of decarbonisation of the UK built environment is a theme being
researchedby a range of organisations, highlighting the scale of change required to meet

the netzero obligation. For example, R¥8 its netzero policy position paper

identified key skills gaps in retrofitting heritage buildings, delivery of 23S, anl

construction and built environment related Apprenticeships add$ St a® ¢ KS / . L Qa

32 Retrofitting to decarbonise UK existing housing stegort, RICS July 2020.
https://www.rics.org/globalassets/ricsvebsite/media/news/news-opinion/retrofitti ng-to-decarbonise
the-uk-existinghousingstockv?2.pdf
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Zero: The road to low carbon heat reptitecommended that a national lowarbon

skills programme was needed to ensure that the breadth and balance of skills is

deveR LISR® Dbl GA 2y PINEDEA RGR NBaSInMIBK 220 2 LILJI2 NI dz
9y SNH& 2 2NJ T2 NabPummAssoiatidhtiighlighiel the significant

upskilling required to install the number of heat pumps required for net zero, with*8EIS

similarly reporting on the large scale upskilling of heating engineers to meet hydrogen

boiler deployment scenarios. This demonstrated that this is not just a message coming

from this particular study, but one that is being repeated by many differentettaklers

in the sector.

Although tese publicationwary in their focus and methodology, they all reaamilar
conclusions: the scale of change required to mobilise the economy to achievzeireis
unprecedentedout possible, provided immediate, sustashand decisive action is taken.
Thereports support the conclusions of this study, but watlcaveat: although there are
instances where declining industries can supplydbestruction sector with much
needed workers with transferable skijlks lot of oher sectors will be competing for
them.

2.2 Current situation

80% of the buildings which will exist in 2050 already dandthe emissions associated
with (1 2 R Ib@ldingsare about a quarter of the averagsoin terms of operational
emissions95%of the effort required to decarbonise the built environmestiouldbe
directed at existing buildingshrough retrofit to improveenergy efficiency anty
repladng fossitfuel heating systems with lowarbon alternatives.

However, annual emissions fronew construction, (including products, transport and
construction activities) account for around a quarter of annual emissions from the
sector® It isrecognised thatoweringthe energy (or carbon) efficiency of newild is
relativelystraightforward and thatretrofitting improvements in existing buildings the
bigger, and harder problem.

33 Net-Zero: The road to lowacbon heatreport. CBI July 2020.
https://www.chi.org.uk/media/5123/heatpolicy-commissiordfinal-report. pdf

34 Building the Ne&Zero Energy Workforg&lational Grid, January 2020.
https://www.nationalgrid.com/document/126256/download

35 Delivering net zero: a roadmap for the role of heat humps, HiRBs://www.heatpumps.org.uk/wp
content/uploads/2019/11/ARoadmagfor-the-Roleof-HeatPumps. pdf

36 BEIS Logistics of Domestic Hydrogen Conversion Oct 2018.
https://assets.publishing.servicgov.uk/government/uploads/system/uploads/attachment_data/file/7605
08/hydrogenlogistics.pdf

37 https://www.ukgbc.org/climatechange/

8 ibid
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What is not widely recognised is the importancesaibodied carbon and emissions from
the direct activities of the sectoithese emissions araenfortunately, outside the scope
of this report (Sectiod.2), as it is concerned with the training implications of-zeto,

but it is worth notingthat achieving nezero emissions from the construction sector is
not possible without addressiripem. Asthe carbon associated with using energy in
buildings is reducedhe relative importance of embodied and direct construction
emissions will only increas&he Welsh Ogmised Retrofit Programmes working with

the Active Building Centre on this subject.

Respondents repoed that the predominantfocusacross the sectas currentlyon new
build, and furthermore on traditionalpn-site construction techniquesand that wihin
this focus, consideration of embodied emissions is negligitiies has resulted & poor
match with decarbonisation goais new-build andlimited capacity anctapability in
repair, retrofit, traditionalbuildings and modern methods afonstruction and a widely
reportedlack of support for these disciplines at all levels of training.

One respondent, representingsgnificant proportion of the sector, noted that in a
recent(pre-coronavirussurvey,builders were generally busy, biite average
proportion of time spent on energgelated work was onl$%, suggesting that the UK
construction sector igot currently doingthis work This also suggedtsat net-zero can
only be achieved through ancrea® in capacitythat islargely additionato the existing
sector. Net-zero will result in a major increase the sze of the sector, through direct
entrants training to deliver the required interventions, amdining to replace existing
construction sectoworkers who have rérained to do soAcross the existing sector,
energy is seen as a useful opportunity to diversity, particulastyaditional customers
are likely to have less money in their pocketstposronavirts.

2.2.1 New build

In the UK, theprivate new-build construction sector integratebe functions of
developer and builder, with the formelriving profitabilityand putting pressure on the
latter to minimise construction costs. The Letwin Revfewgsued in October 2018,
observed thathis structure is a significant contributor to theck of housing in the UK,
as it is in the interests of developers to keep prices high by restricting supy.
recommendations of the report have not been implemented.

Notably, housing associations havesgutation for building to a higher standard than
private developments. In the housing association model, the same entity is responsible
for the costsof building and operating, so the incentive to build at least first cost is
replaced by an incentive touidd at least lifetime costThis leads to higher quality, better

3% Independent Review of Build Out Final Report. Rt Hon SierQletwin MP. October 2018.
https://assets.publishing.service.gov.uk/government/uploads/system/uploadsafdiment data/file/7521
24/Letwin review web version.pdf
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attention to detail and improved energy efficiendyany respondents from industry and
government are particularly aware of this distinction, ahd ability to use public sector
procurementas an incentive to improve standards

TheUKconstructionsectoristhought to be quite capable of building to high&tandards
if demand were therebutinitiatives topromote low-carbonbuildingshave been
unsuccessfuior decadesalbeit forpolicy, rather than technical reasaridost recently,
in 2007the Zero Carbon Homes policy wiesselopedto ensure that newbuild homes
achieved netzero greenhouse gas emissioftsvasdueto be implemented from 2016
but was cancellednly months befoe it was due to startA report by the Energy &
Climate Intelligence Urfitestimates that thecost ofscrapping thepolicy(paid by
homeowners irhigher energy billswill approach £1bn by the end of 202Building to
Zero Carbon Homes standard is estimatedost an additional 1.2%ver Business as
Usual

At the time of writingin 202Q an update to Part L of the Building Regulations
(Conservation of Fuel and Power) and Part F (Ventilasan)process. The proposal is
for an improvement of 31% over cemt emissionsstandards, which is still some way off
what was proposedor Zero Carbon Home$he proposed Future Homes Stand&d

due to be implemented in 202 the context of theobservations regarding embodied
carbon set out irthe introduction to this section, it is worth noting théte Future

Homes Standard is concerned only with emissions from operétion

There areadditional requirements formproved newbuild operational peormance,

such as improvethsulation levels, airtightness, energy systems, and for contractual
quality requirements, institutional and individual competence, and most likely oversight
but respondents did notonsider any of these obstaclesurmountabeé.

2.2.2 Retrofit

Even vithout consideringuture improvements in energy efficiency, ndwild currently
operates atabout a quartef? of the average energy intensity of the UK built
environmentso, given that80% of thebuildings thatwill exist in 205&lreadydo, if no
action were taken to decarbonise the built environment, around 95% of operational
emissions would come from buildings that already exist to®ay another way, from
the perspective of 202®5% of the problenis already hergsoretrofit is clearly goindgo
be an important part of any decarbonisation soluti@f. course, improvements to

40 Zero Carbon Homes. How owners of new homes are paying over the odds for energy. Energy & Climate
Intelligence Unit, February 2018ttps://cal-eci.edcdn.com/reports/ECIU Zero Carbon Homes Final.pdf

41 https://www.gov.uk/government/consultations/theuture-homesstandardchangego-part-l-and-part-
f-of-the-buildingregulationsfor-new-dwellings

42 Building Energy Efficiency 262815: Overarching Report.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/5657
48/BEES overarching report FINAL.pdf
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efficiency standardare already in processhese will further improve the energy
efficiency of newbuild, further increasing the relative impamce of retrofit.

As discussed abovamong other factorsgecades otheap gasrom the North Sea have
created limited incentivdor energy efficienbuildings, and the same appligsenergy
efficiency through retrofitPubliclyownedand managedbuildingsare usually subject to
rolling programmes of repair and maintenance which may include an energy efficiency
element, and there are recent requirements for minimum standards of energy efficiency
in private rental propertiesalthoughdomestic landlords @& subject to a£3,500cap on
investmentthat is low enough t@xempt most meaningful interventionsyhis is driven

by the Minimum Energy EfficiegcStandards (MEES) regulatidts a result of this, it is

now unlawful to let properties with an Energy Perfance Certificate (EPC) below an 'E'
rating. This has been introduced by government to improve the quality of private rented
buildings and reduce the overall €€missions in accordance with the @Kargets for
decarbonisationThat having been saithe majority ofhomes areowner-occupied and

the majority of commercial property let, or stbt, which has resulted ihttle pressure

to retrofit, and often substantial obstacles.

The UK has seevariousretrofit initiativesthat have been singleneasure or several
measure focusedoutthere havebeengapsin the linkages between those measurésr
example buildings have been insulated withocbnsideringventilation systemswhich
cancompromise natural ventilatigrieadirg to condensation, damp and rdfo
implement the recommendations of the Each Home Counts reviRblicly Accessible
Specifications (PASA)35 and2038were developedto help address tbseissuesand
support the Trust Mark Government endorsed qualithesme.

These specifications were developed specifically for the deploymesftextive energy
retrofits of existing buildings. PAS 2035 covers how to assess dwellings for retrofit,
identify improvement options, design and speafyergy efficiency measuresd
monitor retrofit projects PAS 2038&ill cover nondomestic buildingsvhen it is issued in
the first half of next yealPAS 2030, which was redeveloped in conjunction with PAS
2035, covers the installation, commissioniagd handover of retrofit projects.
Omanistions which trade using the Trustmaglality scheme are required to comply
with PAS 2035The recent announcement of a £3@reen Homes Grantontributing
toward retrofit energy efficiency improvements England requires that anyone
accessing the scheme is registered with Tmask, so irprinciple allinterventions
undertaken throughthe scheme should take into account the holistic design
implications

Although there are reservations about it (see Sectdhl), the emerging PAS 2035
frameworkrepresents an impaant step forward in managing and improvingtrofit
projects Once the policy tsupport the required retrofiprogramme is implemented,
this framework is likely to be an essential component of the decarbonisation
programme.

It should be noted thaimproving energy efficiency through retrofit is only part of the
story. The climatéas already changed so muittat buildings are bimg challenged to
cope with conditions that they were never designed, fand the rate of change is
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accelerating This means that retrofit programmes designed today to achieveeei
will also have to take into account thvery differentclimatic conditions that will apply,
not just in 2050 buthis winter, next summer, and so on.

2.2.2.1 Traditional buildings

Traditional buildings are generally defined as those consisting of vapour permeable

fabric that both absorbs moisture andadilyallows evaporationthey are often those

constructed before 1919There are various estimates 8fK I i LINR LI2 NI A2y 2F (K
current building stockalls into this category, but it i\ the region done thirdcurrently,

which will become aroundne quarer by 2050These buildings are older, and tend to

be less energefficient, whichrepresents a significant challenge for the fzetro target.

Throughout the construction industry there has been a lack of training in the skills
required to maintain theselder buildings the industry has beedominated by new
build construction and its techniqueshe Skills NeedAnalysis Repo(Repair,
Maintenance and Energy Efficiency Retrofit of Traditional-{i@%9) Buildings in England
and Scotland} found that 826(95% in Scotland)f surveyed contractors do not hold
formal qualifications relating to work on traditional building3nly 4%2% in Scotland)

of contractors surveyed had undertakenergy efficiency retrofit work on traditional
buildings

Similar reseech in Wale§' T 2 dzy’ R hélvi&dt majodtyiof crafbased employers
(tradesmen)95%) reported that their workforce does not hold any qualifications

directly relating to heritage, traditional buildings or conservati@rcomparison with the
England/Scotland survey results from 2012 reveals that energy efficiency retrofit
activities &count for a higher proportion of work on traditional buildings by craft
businesses in Wales (11%) than was the case in England and Scotland in 2012 §ust 3%).

These figuresuggest aignificant lack of expertise and capacithiich was echoed by
responcents. A commontheme was that traditionabuildings were particularly
vulnerable to poor quality work, which itself generatadheed for additional repair and
re-work; clearly in the context of a Climate Emergency, with severe constrairiteeon
availabilty of construction workers, this not costeffective.

In England, 9% of the workforce working on traditional buildings is fe(Béten

Scotland 6%in Wales) This rises to 13% female workforce reported by employers
Oft FaaAFTASR | & énarhbltidny Breld®®FbGiltingsDevdlGoment of
jobs in the traditionabuilding construction sector, particularly with respect to +zetro

43 Skills Needs Analysis 2013: Repair, Maintenance and Energy Efficiency Retrofit of Traditidredlqpre

Buildirgs in England and Scotlardtps://historicengland.org.uk/content/heritage
counts/pub/2013/skillsneeds-analysis2013repair-maintenanceenergyefficiencyretrofit/

“1 Wal GSNAIFEQ L&a&adzSY ! yRSNEGFIYRAY3 YR wSalLRyRAy3a (2
Final report, February 2015. CITB
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retrofit, should therefore be helpful in expanding the traditional demographic of the
sector (seesection3.1.7).

2.2.2.2 Maintenance and Repair

It is a requirement of PAS 2Btat, before buildings can undergo retrofit, they must be
brought up to a reasonable state of repdimterviewees believe there is a lack of skills in
repair and maintenance as well asack of skills in adaptation of traditional buildings,
which isn't always understood as being part of a retr@&mand for training for work

on traditional buildings iglustrated by CITB estimates over several yeatsch
consistently forecast thabr Englangaround 7,000 workerg&bout 500 in Scotland)

both new entrants and upskilling existing workeesjuire training to work on traditional
buildings before netzero is taken into accoufit

Thereisa range of specialist skillvhichare underrepresentedn the traditional
building retrofit industry, for exampleetrofit design the repair and draft proofing of
sash windowsand maintenance of vapowpen lime matar walls.

The interviews highlighted the importanoéassessing condition first, and then
identifying the repairsor retrofit interventionsthat need to be carried out to get the
building to functionproperly. There were concerns from those interviewed about the
role Energy Performance Certificate (EPC) surveys have now takeartcoularly & EPC
surveying doesot focus onthe understanding of systemic and connected effects within
buildings(e.g. thermal brging and the connection between installatiaf retrofit
measuresand ventilation.This mirrored the findings @f scoping study by Sustainable
Traditional Buildings Alliance (STBA) on behalf of Historic England and National Trust,
GEPCs and the Whole te Approactf> ¢  gsKoweédkhat EPCs were originally
introduced as a benchmarking and compliance tadithey are now being used in
government policy and programmes to drive improvements in the energy efficiency
performance of buildings, including tmecently introduced minimum energy efficiency
standards for the private rented sectdks a result, EPCs are increasingly being used as
retrofit design toolsa purpose for which they were not intended and for which they are
not suitable There are partidar concerns relating to the use of EPCs in traditionally
constructed dwellingsAlternative approaches, such as Building Passports (see
Sectiorb.5.1.9 are bettersuited to addresshese requirements.

Repair and maintenance supports a higher proportion of small and medium size
businesses.

4 EPCs and the Whole House Approach: A Scoping, $tistigric England 2015.
https://research.historicengland.org.uk/Report.aspx?i=16098
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2.2.3 Platform / Off-site Construction

Conventionatonstruction techniques typically use a bespoke defgeachproject,

with components manufactured to specific dimensions, and materials cut, shaped and
fitted on site.Platform construction aims to build on the lessons learned in the
automotive industy, wherea relatively small number afesigngs used to manufacture
individual componenté bulk toconsistent specificationsyith these componentshen
being installed on aommonchassisto create a (relatively limitedange ofvehicles.
Thesame approach in construction would see the development of modular components
which can benanufactured in bulk to stringent and consistent specifications, then
combinedto create design solutionfsom a more limited palette, buwvith greater
consistency ad efficiency. This approach is partiatly appropriate for the development
of large buildingsuch as offices and schools, which carbb#t to standard

specifications.

Off-site and modern methods afonstruction(MMC) arecommonly used for smaller
buildings, such as housings significant elements of each building are still small enough
to transport.In off-site construction, components such as floor, wall and roof sections
are manufacturedn the controlled conditions of a factory, then transferred to site for
assemblyThe process has now developed to the point where entire sections, including
internal and external claddingervices and utilitiesan bemanufacturedoff site,

reducing the tine spent on site and the skills required significantly.

As highlighted in the Farmer reviéand by a number of the interview respondents

one dthekeyl NHdzYSyda F2NJ gKé ¢S OFydid dzaS GNIF RAGA
construction approaches to retrofit @ne of labour shortageand potential efficiency

gains fromMMC, there isn't enough skilled labour to work productively-site to deliver

new-build requirements, along witB7 millionhousing retrofitsandthe non-domestic

retrofits requiredin the propo®d time frames. MMC thereforkasto play a role in

delivery.One interview respondent gave an examplesigfoperatives in a factorpday

being able taleliverabout100 standard retrofits in a yeabefore the addition of

efficiency gains frorscale and automation

Platform and offsite construction present opportunities and challenges for the
construction sectorThese techniquetave been shown to deliver higher quality at
lower cost, with greater efficiengyhey alsgorovide jobswith consigent location and
working conditionswidening the appedb includea broader demographjavhilst
reducing wastendbuild time*’. However the skills they require are quite differe
those required for conventional constructioboth within the factoryand on site, there

46 The Farmer Review of The UK Construction Labour Model: Modernise or Die, Mark Farmer 2016.
https://www.constructionleadershipcouncil.co.uk/wpontent/uploads/2016/10/FarmeiReview.pdf
47 https://www.offsitehub.co.uk/sustainability/
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is less need fospecialist trades with clearly marked boundaries, and nforenulti-
skilledoperatives, capable of turning their hand adroader range of tasks

Thesemulti-skilled workers aralso better suitedo cope with the variability inlemand
required bythe netzero programmeor construd¢ion more generally For examplei is
likely that an initial focus on improving the energy efficiency of building fabric will
gradually be replacedyba focus on energy systems and other interventions. In this
context, multi-skilled workers will be better able tdapt.

Therecent UK government report ddMC*8 saysthat respondentgeported the
following as being among the benefits of a moveéhese techniques:

f more digital working which will appeal to young workers looking for a modern
career, using cutting edge technology;

f factory based jobs in an indoor environment are safer, with less working at height
and workers are sheltered from the wéwgr;

1 factory based workers are not required to relocate around the county to different
building sites;

1 off-site methods of construction usually require fewer workers with traditional
skills and potentially fewer workers overall in comparison to traditional
techniques.

1 factories can be strategically placed in areas of the country with higher rates of
unemployment to provide local employment opportunities.

The relative novelty of these approaches also means that designers and architects
familiar with the teclmiques are still rareThese techniques are either absent or not well
covered incurriculaat present,yet there is aecognitionfrom the same reporthat
government houséuilding targets will not be met without them, and it appears likely
that the samds true for netzerotargets WRAP estimate that modular construction can
reduce energy used in the construction process by 67% and waste produced onsite, by
70¢90% in comparison with traditional construction methddsiames Thomson from
Keepmoat Homes tolthe Parliamentary Committee on Modern Methods of
Constructioni K & aa/ K2YS ac80uiasd tq hdat thah & waditiomalty
odzAf 0 y®8g K2YSE

Severalnterview respondents saw Covi® as potentiallpeingad f ®AK ® Y2Y Sy i ¢
for off-site construction, as it igossible to maintaifbetter social distancingn the

factory and during the osite installation as well as all the other safety and efficiency

50 Housing, Communitieand Local Government Committee Oral evidence: Modern methods of
construction, HC 1831, #&varch 2019
http://data.parliament.uk/writtenevidence/committeeevidence.svc/evidencedocument/housing
communitiesand-locatgovernmentcommittee/modernmethodsof-construction/oral/98436.pdf
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gains. Itis hoped that this will proviéelditional imgetus for a faster transition to the
widespread deployment of offite techniques.

2.2.4 Economic environment

CITB maintainthe Construction Skills Network (CSN) report, wipigdvides a forecast

of sectoral trendgor afour-yearperiod. The lasteport was published in February 2019,
when concern was focussed on the effects of Brexit, including resulting economic
uncertainty, fears over the availability of migrant workers and atdésruption such as
import tariffs and logisticallelays.These concerns were framed in the context of an
orderly exit, or an extension peripdnd before the coronavirus pandemimut also

before the UK nekzero commitmentThe report predicted a growth rate of 1.3%d a
need for 168,500 jobs.

Againsta background contraction of 20% across the whole economy, construction
shrank by 35% in the second quarter of 20BBiscontraction has begun to turn around,
with a fiveyear record growth in July, reducing slightly in Augbst thesector has

been hithard, with profit warnings and redundancies across the board. What recovery
has been seen has been dominated by house building,aetimercial activity growing
very slightly and civil projects continuing to contfdctn context, the netzero scenario
modelled for this report will require an increase in construction sector jobs of a little
over 10%.

2.2.5 Devolved nations

TheScottish and WelsGovernmentdaveindividualmanagement ofmany elements of
net-zero planning, includinggaining. This has been used to develspecific national
programmes, such as:

Scotland

|

Construction Scotland Innovation Centre;

Apprenticeship programmes with a strong emphasis onzezbskills;
Green Jobsnatch funding

Climate Emergency Skills Action Pfan

Investment in energy efficient retrofit of the public estate;

Energy Efficient Scotland Route Map

Proposaldor new-build to beuse zerecarbon heating from 2024
Support for hydrogen andff-site construction

Ongoing support through the Energy Savingst.

E N N -

51 https://www.markiteconomics.com/Public/Home/PressRelease/85ddc5d6ae1d4f35a061ce4f5fa669da
52 Protecting Scotland, Renewing Scotland: The Govern@@nbgramme for ScotlarzD20-2021
https://www.gov.scot/publications/protectingscotlandrenewingscotlandgovernmentsprogramme
scotland2020-2021/pages/5/
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Wales

1 Construction Wales Innovation Centre

1 ThreeregionalRetrofit Skills Acadeims, primarily aimed at domestic
constructionand includng addressing decarbonisation as a key objecgtagepart
of the ORP (see below)

f Proposals for aupgraded network ofonstruction skills training centres;

1 Heat network supporin South Wales;

1 Nest programmef energy efficiency audits and implementation support

One of the aspects of policy and practice development which differentiates Wales from
Endand, is the process of groduction. In Wales, policy and practice tend to be co
produced, with extensive engagement between government and the construction
sector, which in many cases leads to collaboration amongst agencies delivering Welsh
Government plicy. Three examples of this in the area of decarbonisation are as follows:

1 An Optimised Retrofit Programme collaboration between 27 social landlords;

1 A collaborative project to develop a standardised system for the delivery of zero
carbon timber framecomes. This will see the 11 councils with a retained
housing stock working together to appoint a partnership of designers and
manufacturers to design, prototype, test and qualaysure a zergarbon new
build, timberframed housing system. Once the warkthe Innovation
Partnership is complete, a contract to supply homes direct to Councils will be let;

1 Collaboration between housing associations in the North to work together to
build an order book for local MMC suppliers, funded by the Innovative Housing
Programme.

Further details on these examples is given below:
Optimised Retrofit (OR) and the Optimised Retrofit Programme (ORP)

This programme will test a new approach to decarbonising Welsh homes, based on the
NBEO2YYSYRIGAZ2Yya 2F Y6 aSh (. SOND (I S2NY S a25NI . R (109N & Wi
published in July 2019vhich has been accepted in principle by the Welsh Government

£19.5m is available in 20201 and a further £20m will be available in 26224

The programme trials and tests OR: a pragmatic, etholise approach to

decarbonising existing homes. It is more sophisticated and bespoke than previous
retrofitting schemes because it takes into account the materials that homes are made
from, the way they store energy and the way energy is supplied to so®eme of the
upgrades that are to be trialled through five projects funded this year will include heat
pumps, intelligent energy systems and solar panels.

The intention is not to upgrade all homes to zero carbon in the initial phase but to learn

how toupgrade homes well, at an optimised cost, setting the Welsh Government and

construction sector on the right path towards the decarbonisation of all homes in Wales.
Importantly, the programme also aims to embed, promote and deliver fair and decent

work in Wales, provide training in core skifts both suppliers and clientsglriving

AYYy20FGA2Yy YR ONBFGAY3I adzli & OKFAya Ay Ay
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Foundational Economy ambition&s part of thisaspect of the Programme, accreditation
is requiredas a means of embedding quality across the sector.

Also being developed are tools and resources which can be used to roll out the large
scale decarbonisation of all homes across Wales. This includes

1 development osmart systems to streamline retrofit ifgmentation using
lessons learned through the Programme

1 postcompletion operational performance monitoring taack the realworld
effectiveness of designed and implemented measures,

1 integrated lowcarbon energy systems that consider loicditastructureand
intermittent renewable energy supplilongside demand, and

1 the creation of open frameworks for the supply of materials and labour which are
focused on the development of the Foundational Economy and creation of skills
to help meet the chllenge of Welsh decarbonisation ambitions.

This programme will give the Welsh Government a much clearer picture of the true
costs, while creating the framework for an industry to decarbonise all 1.4 million homes
in Wales by 2050. It will set the standaior retrofit schemes in Wales, including existing
programmes such as the Welsh Housing Quality Standard (WHQS) with around 300,000
social and fuepoor homes potentially over the next 10 years. This will open the door for
the development of a new lonrterm Welsh retrofit industry, tackling concerns about
quality of work, supporting supply chains, and creating thousands of local jobs and
training opportunities in Welsh communities.

Innovative Housing Programme (IHP) i new homes

IHP is an experimental pgoamme, funding innovation to work out how the affordable
homes of the future can be produced. The programme is framed closely around the
seven welbeing goals of the Webleing of Future Generations Act 2015. The
programme aims are to:

1 increase the suply of affordable housing in Wales;

1 work out how to build the homes of the future which are good for tenants,
landlords, communities and the planet;

1 provide support for those willing to innovate through the use of alternative
approaches;

1 demonstrate tle benefits associated with alternative approaches, to encourage
their mainstreaming;

1 harness opportunities to deliver jobs, skills training, and develop local industry;
and

1 publicly disseminate the key findings and maximise learning across private and
public sectors.

The expectation is that the homes built with support from IHP will become the norm for
homes receiving social housing grant and other sources of government funding in the
future. What may have been regarded as novel when the programmedirathed will
soon be considered mainstream and the programme is succeeding in helping to bring
forward and mainstream high quality, near zero carbon, energy efficient homes in
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Wales. The challenge now is to ensure the higher costs seen in the first y¢laes o
programme are reduced, now that systems have been piloted and are in use across
Wales. If costs remain too high, these innovative approaches may face difficulties being
mainstreamed across the whole housing sector in Wales.

To support innovation inhe construction of new homes, Welsh Government has:

f Committed over £130m of investment in the four years of the Innovative Housing
Programme;

1 Supported 64 schemes to test and learn new housing solutions;

1 Supported the delivery of over 1,900 new homeiswbich over 1,400 are
additional affordable homes;

1 Secured £45m of investment to directly boost the MMC housing sector in Wales;

f Built up an IHP community/network in Wales of over 300-fikaded businesses
who share Welsh Governments ambition of pasitng Wales at the vanguard of
transforming how we build homes in Wales;

1 Hosted regular IHP events across Wales to enable the learning from earlier years
of the programme to be disseminated and help mainstream practice and
approaches

The IHP programme ®ing evaluated by a network of ten Universities in the UK, linked

to the Active Building Centre Research Programme, to review the homes built. The

research considers all aspects of the programme from a technical construction

perspective through to a tema behavioural perspective, to form a holistic view about
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In terms of the remit and findings of this research, there are more similarities than
differences Runninghe skills model on a regional basis, with different emphasis on the
pathways that comprise the netero scenario, resigiin a different profile of skills and
training requirementsand these may be delivered in a slightly different way, however
there will still be a requirement for retrofit designerbuilding envelope specialists and
heat pump installersThe model has been run to generate these figures for Scotland and
Wales these figures are presented in Appendix.2

Similarly, the recommendations identified in the qualitative interviews apply a@ibss
three countries: newbuild is a minor and manageable part of the problemmich is, at
least in principle ma manageable with greater control of building standaidsboth
Scotland and Wales, thererscognition that encouraging higher standards and modern
methods through public procurement is a good way to encouliag@ovement across
the sector. There is asa recognition that holisticetrofit design, bespoke to each
particular building (i.e. that PAS 2035, 2038 approach) is essd®gfair, traditional
building skillsand retrofit areunder-representedand seen as a key to decarbonisation
The performane gap isseen as equally important, with similar views provided across
countries orthe proposed solutions to close @gain with an emphasis on leading by
example rather than using legislation and prosecution.
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In terms of the approach to training and slplling, again similar messages were

received.For tradesupskilling and training was largely seerdasiverable througibolt-

on training to existing courses and qualifications. When it came to technical, professional
supervisory management roles, thenere two approacheproposed. @e where

SEA&GAY3T O2yaiNHzOGAZ2Y O2dzNBSE 06 KAOK 2dzOK
could be adapted at the universities. The other avas thata range otourses should

be specifically developed thaheet theneedsof the new roles This was largely around

advisors, specifiers, inspectdies.g. PAS2030 and 2035). Whether it's a-balt

adaptation orrevamp of the qualification would largely depend on thstitution and

the demand

2.3 Performance gap

The InnovateJK Building Performance Evaluation (BPE) study in"268&fonstrated a
significant performance gap between design and actual carbon emidsiodemestic
andnon-domestic projectsit found that nearly every building had higher carbon
emissions than predicted during the design phase. In some cases, totai@misvere
10 times the Building Emission Rate calculated for Part L compliance.

Figure 2.5: Performance gap between design and actual carbon emissions
for a number of domestic and non-domestic projects

-
o
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Saurce: Innovate UK 201Bor low resolution viewingategories are Culture, Education, Healthcare,
Hotel/other residential, Industrial, Office, Puld&rvices.

53 Building Performance Evaluation Programme: Findings frordaomestic projects, Innovate UK January
2016.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/8i&74
61/Non-Domestic_Building performance full report 2016.pdf
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Figure 2.6: Ratio of actual CO,emissions to design estimate for non-
domestic buildings
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Any proposed route to nexerowill fail if this gap is not addressedswhatever
measures are proposedill not deliver There has been a great deal of research in® th
causes of this performance gémnd potential solutiony and most respondentsad
something to contribute on the subjecthe following is a summary of the main points
which are discussed in more detail in the Recommendations se@extipn5.4).

Table 2-2 Performance Gap Causes

Cause Description
Procurement and Puchasers of new buildings or retrofit serviads not
contractual stipulate performance requiremenis the

procurement process

Particularly imaretrofit context,the complexity of
projects tendency not to complete all measurasthe
same time, andlependence ormmccupant behaviour,
can makeperformance requirementdifficult (although
quality requirements less so).

There is (was, befor€ovid19) enough worlavailable
thatA & o1 & | & BuilderSHadrd neéd tdl])
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Skills Construction workers lack thekills required to build or
renovate tothe required standard.

As well as specific skills (e.g. insulation, heat pump
installer), there is a lack of overall awareness of builg
systems, lowcarbon design, and intdradeissues.
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Institutional Competence | Across the procurement supply chain asub-
contractors there is aack ofagreed standard operatin
proceduresorganised into a formajuality
management systefincluding training and
competence for staff, communitan between parties,
oversight, monitoring and continual improvement

Monitoring and feedback | Outsideof studies specifically intended for the purpos
there islittle performance monitoringand feedback to
identify failure points and implement improvenrgs.

This includesnonitoring onsite (e.g. Clerk of Works) a
well as operational performance monitoring.

Oneinterviewrespondent with considerable experience in retrofit design commented
that, while they were fine working with existing contractors thia¢y had come to trust,
these were thin on the groundnd finding additional contractors to take on this work
was a significant bottleneck.

3.0 Supply

tKAa aSO0GA2y aSita 2dzi KS adaddzRéeQa FTAYRAY3IaA
the specific context of its current ability to achieve rmdro greenhouse gas emissions
from the built environment in thirty years or less.

3.1 Training and upskilling

Constructionsector workersacquire the traininghey need to perform the work they do
but according tosurvey information supplied by industry bodi¢ise vast majority othe
work theyare doingnow is not what is needed to achieve ngera The specificskills
required to develop lowcarbon retrofitand newbuild designsre not(yet) in demand
andthe contractual andquality requirementgo implement these designs successfully
are alsaare.

The survey (Appendix.1.5.] highlighted that the sector recognises that there is a
decarbonisation skills gagndthat there is a clear appetite for retraining and upskilling.
Over 70% believed that they knew the skills they needecbiatribute to the
decarbonisation of the built environment, with approximately 90% stating they would be

N
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third of those surveye stated that their business hgfdta date, provided them with
any decarbonisation related training.

The most significant reasons for decarbonisation skills gaps in their professions were
seenas lack of training, lack of funding for training, regulation changes and lack of
standards With external funding tacover some or all of the cost of training; and
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receiving an accredited qualification being seen as the most important factors when
undertaking decarbonisation retraining or upshij

Currently, oursesaredeveloped to address demanbut the demand for nezerowork

and the skills required is not there yeto in many cases tlourses required have not
been developedo date. Thecurrent system igihited inits ability to look forwardo
developin areas seen by survey respondenssimportante.g.off-site construction
improved whole building post construction testirgg,those where demand is currently
low but will have to rise (e.g. retrofit)Yhis is a particular challenge across trairing
policy. coursescan be developed, but they will remain empty until there is demgamd

the skillsthey create demand which must be met rapidly if we are to decarbonise at the
pace required.

As well aghe structural issues outlined abovéhereare otherissues specific to the
constructionsector and thenet-zero programmehat must also be addresse@hese are
discussed below

3.1.1 Competition and appeal

Construction is not the only sector with a part to pla achieving nezera Overthe

past few monthsother sectorsncluding energyndengineeringhave published reports
(summarised in Appendik.1.2.3 estimating the additional numbesf workers, and
skills requiredand asimilar degreeand pace of change will be required from
manufacturing, transportagricultureand other sectorsThe oortunities presented by
careers in theséeveloping sectors ar@ direct competitionto the requiremens of the
constructionsector.

Also, despite recent improvements, compared to other sectors, construction is poorly
represented by womettf and ethnic morities®®. Several respondents were unflinching
in their criticism of the sector in terms of its appeal generally, as well as specifically to
women and anyone from an ethnic minority.

While all prefaced their comments with agreement that there were of course elesnp

of best practice, in general the stereotype of UK construction was considered nearer to
the mark: construction is still rarely a career of choice in the U& s€ctortherefore has
room to improve in gender and racial inclusivity, working conditicaseer progression
and similar factors which would help to make it an appealing career choice.

54

https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/art
icles/womeninthelabourmarket/201:89-25#womenin-the-labourmarket

55 https://www.constructionmanagermagazine.com/ethaminoritiesconstructionpride-
prejudice/#:~:text=According%20t0%20research%20from%20Business,comes¥afiethnic%20mino

rity%20groups.
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The level of competition to be expected from other sectors is a problem in itself, but it is
also likely to exacerbate the performance gap, as a shortage dableconstruction
workers will only increase th@egree to which procurement of construction services is a
a St f S NIThe conbktidtidh Bedtawill need to improve its image and offer, if it
wishes to attract the best talent in this competitive matk

3.1.2 Time and cost

Firally,the willingness and ability of the sector to-sfill isaffected by the time and cost
of training coursesand lack of earnings whilst on trainingarticularly in the light of
uncertain demandor new skills, and plenty of demd for existing skill<Obviously,
these factors will need to be addressdulit even when they are, thtime required to
complete training and the costs incurred will need to be addresSedgestions for how
to approach this are presented in Sectivif.

4.0 Skills requirements

This sectiondentifiesthe skills and trainingequired to achieve netero.These depend
on thedecarbonisatiorpathway takenthe pace and choice ofieasures)which is not
prescribed in thigeport, allowing stakeholders to use the modehd this reporto
assesshe implications of different choicesiowever,to be able to model and comment
on thecapabilities and capacitgquired,the following sectionsissumethat a balanced
pathwaysimilar to that proposed by C@all be adopted.

4.1 Pathways

For this section, it is assumed that the pathway choséhnot be any of the extremes
(e.g.rapid andcomplete deployment of cheap remvable hydrogen, odeep retrofit
across the whole built environmenbut that it will include elements ol the
technologicabkolutionsdiscussed throughout the reporthe scale and pacaf work
required to achieve netero are such thagdven a balanced pathwawill requirean
unprecedentedncrease in the provision @ach of its componentdVhile achieving net
zero across the UK built environment will require mobilisation on a scale rarelyirseen
peacetime the model output suggests that this balanced approactvithin our
capability to deliver.

The following sections set out the requirements @@livering thisgprovision, and any
barriers identified.
4.1.1 Hydrogen

A highhydrogen pathwayequires that affordablelow-carbon hydrogen can be

generated and delivered to households and businesses through the existing gas network.
As thescope of thestudy excludes major infrastructeiprojects the remaining upgrades
required for the network @ be able to distribute and store hydrogare excluded only

Building Skills for Net-Zero 31



the implications foswitchingheatingin buildingsfrom natural gas to hydrogen are
considered.

Of all thepathwaysunder considerationgonverting to hydrogen is the easiest

Reservations abolits practicality as a solution are largely confined to thallenges

involved in generating enougbw-carbon hydrogenstoring it and distributing i@all at a
palatable price Since all these aspects are out of scope,ghigly isconcerned only with

the challenges of converting existing heating systems to hydrogen, should it be achieved.
However, tle technicakchallengesassociated with thénfrastructureshould not be
downplayed just because success would be appe&ling

As discssed in SectioB.1.3.], the infrastructureto generate, store and distribute low
carbon hydrogerat scaledoes not existand it is far from certain that lowwarbon
hydrogen can be delivered through the gas network eg&tctively.Assuming the
intention is to generate green hydrogen using renevesdtergy, vat is certain is that it
is more efficient taleliverlow-carbon heatinglirectly, using electricity, heat pops and
improvements to the building envelope.

Around 85% of heatinign the UK is currently powered by natural gasth about26

million domestic boilers currently in placéhese heating systems are instal(atla rate

of 1.7 million a yegrand maintained by around 120,0@@alifiedgas engineerson-
domestic emissions are around ott@rd those from domestidut as the individual

boilers are so much bigger, they tend to be considered in aggregate output, rather than
numbers As discussed iSectior2.1.3.] several manufacturers have already developed
hydrogenready boilers These can run on natural gas until hydrogen arrittesn they

are convertedn a matter of hoursWhilst the survey showed (unsurprisingly as this is a
developing technology) that hydrogen boiler installation was one area where
respondents thought they had a lack in the required skills and knowledge to install, this
R2 S a vy Q irily poSeCa8nsuintountable challengéll gas installers in the UK are
already highly trainednd registered with Gas Safeith the additional training required

to work with hydrogerexpected to take aboubne dayfor those with existing Gas Safe
guadlifications

Hydrogencausesembrittlement of pipework and fitting®’, which is alreadpeing
addressed in anticipation @f general hydrogen retiut by replacing or lining existing
pipes withplastic. From the street to the boiler, most pipework is copper, wiidine

to carry hydrogen athe temperatures and pressures required. Nonetheless, for every

56

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attaeht data/file/7605
08/hydrogenlogistics.pdf

57 https://www.nace.org/resources/generalesources/corrosiosbasics/groupd/hydrogen
embrittlement#:~:text=This%20is%20a%20type%200f,corrosion%20and%20corrosion%aBe2iroc
esses.&text=Hydrogen%20embrittlement%20does%20not%20affect,titanium%20alloys%20and%20alumin

um%?20alloys.
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installation the pipework must be surveyed, even it if will only ranegedto be

replaced. This would create a requirement for additional qualified surveyansi a
smaller number of fitters toeplacepipework. The numbersf the latter are expected to
be low, as it is thought that most internal pipewasdsuitable for hydrogenthe
numbersof the latter will depend on the rate of deploymeiut estimates suggest that
around two hours would be requirefdr eachproperty survey, compared to four
worker-days for each boiler installation. Assuminggheatiosa maximum of 7,500
additionalsurveyors would be required, based on tmember of existing gas installers.

The size ofthe workforce needed for the conversion is highly dependent on the required
speed of the conversion. The stakeholders highlighted thastitally increasing the size

of the workforce for a short period should be avoided, as this would lead to employment
concerns following the conversipand a boom bust cycl&@he industry stakeholders
suggested that conversion would be carried out reglynas the gas distribution

networks are converted. This would also allow existing Gas Safe personnel in an area to
become trained as the region they work in is converted. However, they also pointed out
that the existing pool of Gas Safe enginesigeogaphically fragmented and therefore
trained staff may need to move around the country to support the local workfdrbes
mirrors similar experiences in the smart meter roll out.

Despite these complicationte BEIS Logistics of Domestic Hydrogen Corore2§118
study sets ousome simple calculations at a nationwide lethelt wereused to obtain a
sense of the scale of workforce requirgtbting that the data on the number of surveys
and properties undertaken per day in this study nii@yon the high sidebased on some
of the recent smart meter abort rate for customers of ~28p4T hese were as follows:

1 Initial survey: 3 homes surveyed per day.

1 Property updates (pipework): ¥2 day (but depends on changes required).

1 Appliance conversion/installation: Beilconversion takes 1 day. Hobs, ovens and
fires each take 0.5 days.

This corresponds to a total of 52 milliarorker-days of effot to convert all 23 million
houses connected to the gas grid. Howe\bis Section describes a scenario wheet-
zero is ahieved through a balanced mixture of pathways, sedltual requirements
would be lessAt the current rate of replacement, and using existing instaliétbe

above assumptions hold trué,would take around & years to replace all the gas boilers
in the UK with hydrogeimeady alternatives.

Stakeholders reported that there are currently around 100 accredited gas training
centres in the UK. Training is commercial and competitive in the UK and the consensus

58

https://www. ofgem.gov.uk/system/files/docs/2020/06/open letter 2020 smart rollout progress and_f
orward look.pdf

https://www.ofgem.gov.uk/system/files/dod2020/06/beis open letter on operational fulfiiment.pdf
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was that training bodies would develop théacilities to cover hydrogen if a demand for
hydrogen training courses develops. Stakeholders advised that typical training courses
retail at around £600 per day. In addition to the development of the personnel required
to perform the actual hydrogen conxson, stakeholders pointed out that there would

be a requirement to either upskill or attract new engineers to the wider gas industry to
enable a hydrogen conversion. An example was provided regarding the technicians and
engineers required to develop amdanufacture new appliances or engineers performing
upgrades to the upstream gas network.

It should be noted that 15% of heating in the UK is not powered by naturakgas not
suitable for replacement with hydrogen, and thainost 4 millionhouses are not
connected to the gas gri] with additionalproperties in thenon-domesticsector.

Table 4-1: Hydrogen skills summary
Timeframe | Skills Summary

1-4 vears Existing gas installevsill be able to retrain and install hydrogen

y ready boilers with an additionaROOFTE per yeasn average
Existing gas installers can continusfiting with hydrogenready
5-10 years boilers andbegin conversion as hydrogen becomes availah&00
additional FTE per yeaverage

Continuation of refit and conversion programmes until all connecte
10 years plus| properties areconverted. Workers then employed in maintenance.
Steadyreduction in numiers required- 500 FTE average

Summary

Any hydrogen pathway could be accommodated within the existing workforce for
installation. As part of a balanced pathwalgployment of hydrogen will form only
part of the overall solution, so skills and training requirements would be reduced.

4.1.2 Fabric First

As discusseth Sectior2.2.2 significant expertise is required ttevelop a retrofit
programme for asingle buildingEach such project requirgise skills ofa surveyor to
assessurrent condition and any requirementsrfrepair, an energy specialist to model
current performance and design an upgrade solut@pyoject manager tgupervise the
retrofit programme, andrariousdifferent trades peopleare required to implement all

59 https://www.gov.uk/government/statistics/Isog@stimatesof-householdshot-connected-to-the-gas
network
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the recommendationsGiven this complexityaccuratelymodellingenergy efficiency
improvements to the building fabric of all domestic and rammestic buildings in the
UKis difficult. However,taken over the whole countryor even at a regional leyet is
possible to modein aggregatenow many ofwhich interventionanay be required.

Case Study: Renfrewshire Domestic Retrofit Project

Renfrewshire CounciGonstruction Scotland Innovation Centred other partners are
delivering a £4.5 million retrofit of 75 terraced council houses. The 1B6DsPaisley
crosswall construction properties are being given a retrofit to reduce their carbon
emissions and improve their energy efficiency. The conepletorks could enable
carbon dioxide emissions to drop by almost 100 tonnes per property over the next 2
years, collectively preventing 7400 tonnes of carbon dioxide entering the envirofitng

Case Study: RINNO Project

RINNO is a Horizon 2020 projeleat aims to deliver a set of processes that when
working together give a system, repository, marketplace, and enabling workflow prg
for managing deep renovation projects.

The ultimate objective of RINNO is to dramatically accelerate the rate of deep
renovation in the EU by reducing the time, effort and cost of deep renovation while
improving energy performance and stakeholder satisfaétion

Case Study RE:FIT LONDgMNdon Borough of Hounslow schools retrofit

The London Borough of Hounslow was thistforganisation to utilise the fagtack
RE:FIT schools programme, targeting energy efficiency in at least 72 of its schools,
time of the case study the London Borough of Hounslow had installed energy
conservation measures across 11 schools, cedyuenergy use by 1,200,000 kwWh per
year and saving over £150,000 off their energy bill every®ear

For tis study the followingcommonenergy efficiency interventionsere researched
and modelled

1 Insulation

60 https://www.renfrewshire24.co.uk/2020/01/23/renfrewshireetrofit-housingproject-could-slash
heatingbills-by-90/

61 https://rinno-h2020.eu/about/
52 https://www.london.gov.uk/sites/default/files/approved-_Ib_hounslow- _case_study.pdf
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0 Lofts
o Cavity walls
o Solid walls
o Floors

1 Airtightness

f Glazing
o Double, triple
0 Secondary

Of these cavity wall insulation is the least intrusive, it applied externallywithout
significantly altering the appearance of the buildihgft insulatiorcan be relativelyron-
disruptive althoughthis depends on the condition and accessibility of the loft space.
Both arelimited in thenumber of buildings that are suitable for their applicatitwoft
insulation carusually be installed by lowkilled workersbut each insthation requires a
survey to ensure that there are nssues requiring attention, such as frayed wiring, leaks
or damp Cavity wall insulation also requires a survey, and must be installgdadified
operatives [evel 2 NVQ Certificate in Insulation @&wilding TreatmentsCavity Wall
Insulation).

Solid wall insulation can be applied internally or externally, with each having pros and
cons.There are also significant differences between installing at street,leveipared

to highrise, with the latter equiring significant additional skiksich as scaffolding and
working at heights

All forms of insulation require a survey, as tleayaffect ventilation and theylter the
relative humidity profile though the wall whichcan lead to condensation ancuhp.

Following the Grenfell Tower disaster, there misangoing programme akplacement of
external highrise cladding across the URhis hasbsorbed all current capacity for
external wall insulation and hadso had a knochkn effecton street-level installationgy
drawing in qualified installers to the more lucrative higde contracts. If significant
additionalexternal insulation is requed, it should be assumed thaiisting capacity is
negligible.

Fitting nternal solid wall insulatiors more disruptive thaexternal, in terms of
occupantsbut can be easier where external walls are inaccessible, listed or otherwise
hard to alter.Retofit insulation to floors cain some casebe carried outrelatively

quickly using novel techniques bistdisruptive

However, d these forms of insulation upgrade should normally be undertaiey as
part of a holistic retrofit design, whiclould also include primary energy systems,
energy distribution, draft strippingand energy management systems (see below).
Glazingupgradesnayalsobe considered as part of such a programme, depending on
the condition and effectiveness of existing unltsmany cases, the addition of
secondary glazing is more cexffective.

As the combination of building envelope interventions is specific to badding, the
modelallows them to be apportioned across the building staolaking separate
provision for he retrofit design and cordinator role.
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Table 4-2: Fabric first skills summary
Timeframe  Skills Summary

A very rapidievelopment of training facilities and courses is requijrted

1-4 years train around12,000 people a year.
Continuinggrowth intraining requirementat around30,000 a yearthe
510 years balanced scenario has a sharp ch@ip in the requirement toward the end

of this period, asll opportunities toundertaken certain measures (e.g.
cavity wall insulation) are exhausted.

10 years | No further training required. A continuirdgecline in the numbers required
plus as opportunities for further measures are exhausted.

Summary

Improving the fabric energy efficiency of every building in the country is a colossal t
but it has to be done. Some of the required roles, such as survayishglesigning each
project, require deep knowledge of building systems, considerable experience and
specialised training. Many of the installation tasks can be delivered with lower level
training but millions of interventions are required every year,decades.

Provided the scale of the response required is recognised and adequate action take
is still possible to achieve this task but there is no time to lose in developing the caf
to deliver the training required. A balanced scenario reggiin the region 012,000 new
workers to be trained every year for about the next seven years, resulting in an incr
over this period of about 100,000 workers. Because this scenario requires the rapid
improvement of building envelope energy efficieraxyross the country, employment
builds rapidly, then drops off sharply when all building envelope improvement proje:
are complete. This boom and bust element will need to be considered, and address

4.1.3 Heat Pumps

This scenario assumes undertaking a propéespproperty heat pumpconversion
typicallyto either an airsource @ groundsource heat pumpncluding nitial survey and
systemspecification and theinstallation itselfln a commercial context, there are
opportunities forother heat sources to be used, such as surface water, marine,-mine
water and effluent.

Before the physical installation of the system can begin, asitnsurvey is required to
identify the best option for the property based on space, heating demancheat
distribution system (wet radiators, underfloor heating etdea pumpsmust be sied
more carefully than traditional boilers according to the heat demand of a builalilg
the capacity of théneatdistribution system.
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Heat distribution mayneed to be upgraded to work with lower flow temperaturesd
hydraulic balancing is required tmgure that the distribution of water in heating
systems is optimisetf Hydraulic balancing is always needed to ensure that a heating
system is working optimallyut traditional heating types (e.g. gas boilers) &ss
sensitive to this needsoit is often overlooked. The survey will be used to devedop
specification and the installation project plan.

This would also be a good opportunity for surveyors to recomneditional retrofit
measures which act synergistically to reduce operating costs angiemssby reducing
both total energy consumption and flow temperatures; there is therefore a strong
argument for considering that heat pump installation design surveyors should be
gualified more widely (see Sectidnl.?). There is also significant potential for
integrating heat pumps with other technologies, such assite generation, thermal
storage, smart meters and smart tariff systems, which shbeltaken into account
here. Similarly, clients need training in the idiosyncrasies of heat pump operation,
particularly those who are accustomedttre flexibility, responsiveness and power of
gas.

Ly GSN¥Y&a 2F AyaillHeat Puind RbgtmagssnBditiat 6weriSng | t | Qa
days would be needed to install a heat pump in a new kiiddl has been constructed to

allow 58C flow temperatures, 8 working days are needed in rettofines and 3

working days are needed to replace heat pumpth a new heat pump. Each installer is
assumed to work for 200 days per y&ar

The HPA estimated that there were around 900 heat pump installers in the UK9n 20
These installers are skilled in heat loss calculations, hydraulic balancing, flow
temperature calculations and heating system sizing. As heat pganpsse HFC
refrigerants,a proportion of the installers will be-Gas qualifiedSplit systems are
chaged onsite (monobloc systems angpicallycharged and sealed at the factory
although repairs may require feharging on site

Heat pumps also tend taequire 32-amp electrical supplies, and therefore an installation
will require someone on site thas iPart P (of the Building Regs) qualified to be able to
connect the power supply.

Most heating system installers would need to upskill to be able to install heat pumps
which could act as a brake oheir uptake as consumers are usually reliant on the
knowledge and advice provided by heating installditse proposed ban on new gas
boiler installationsonly applies to newbuild installationsbut is currentlyone of the
significantpolides (alongside for example, RHI and the Merton Ralg)porting heat
pump deployment.

63 https://www.heatpumps.org.uk/wpcontent/uploads/2019/11A-Roadmagor-the-Roleof-Heat
Pumps.pdf
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Widespread heat pump deploymenill require both upskilling of the current workforce
andtrainingthe next generation of lovcarbon heating installers. This will ensure that
the quality of heat pump installations is high, the knowledge of the benefits that the
technology can bring is commonplace, and thereemweugh installerso scale up
deployment to the levels required.

The training content would need to contain a numioérelements:

1 A broad renewables heating training course that gives instadletsiderstanding
of how a range of renewable heating technologies workluding heat pumps
and the basics associated with their design. The qualification outcome of this
training would be an Ofqualccredited Renewables Heating Certificate.

1 A general heat pump training course that teaches installers about how a heat
pump works (including heat loss calculations, hydraulic balancing, flow
temperature calculations and heatingstem sizing)as well as what installers

Oy YR OFyQi R2 ¢A(KegEpaslandlaR TERNA I G S OS NI

gualification outcome from this training would be an Ofcaatredited Heat
Pump Certificate and a skills card similar to Gas Sdtfle retraining every 5
years.

f Various manufacturespecific training courses would then follow this. These
havealreadybeen developed andre provided by the manufacturets train
installers on specific product installation requirements. The qualificatio
outcome from this training is specific Manufacturer Certificate, witberiodic
retraining.

OverallA G gt a SAGAYIFIGSR GKFG GKAA Ay G201 f
It would not necessarily need to be undertaken all at once. In addisome of this

could be delivered online. As noted there would need to be a skill card as evidence of
competency. During the interviews it was suggested that this could be run by an
organisation such as Gas Safe or Microgeneration Certification ScCMG®) Oneway

to drive this would be for Building Regulations to stipulate that someone has to be
trained and qualified, as there is a safety aspect to this as well as a quality aspect.

The Ukheat pumpmanufacturers have seven training rooms or training schools in the
UK. This presents an opportunity for the manufacturers to play an important role in this
training deliverylt is worth noting that specific manufacturing training is often a
prerequisitefor installation of their products

The energy efficiency of sonfe.g. traditional, listed and historigdduildingsmay be
effectively impossibléo improve throughretrofit. Inthesecases, and potentially more
widely, there is an argument for the uséhybrid heat pumps, which can operate in
heat pump mode normally, but retain the ability to switch to gas (or hydrogen) when
heat demand is beyond theutput capacity of the heat pump.

Many decarbonisation specialists have reservations aboutidoyment of hybrid heat
pumps, as they have the potentia operate constantly in gas boiler mode, which
makes no contribution talecarbonisation. Conversely, they have the ability to provide
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heat not only for the type of buildings that cannot be impedy but also for those that
can, while theyare; which may well take several years to complete

From a skills perspective, hybrid heat pump installations require the skills needed to
install a gas boiler and those required to install a heat pump.

Table 4-3: Heat pump skills summary
Timeframe  Skills Summary

1-4 vears A rapidincrease in training will be requiredf around7,500 installers a
y year. This is within the capacity of existing trainiaglities.

An increase in the rate of training, up to a pealamdund 15,000a year

5-10 years | Towards the end of this period, this will exceed existing training capacit

but increasing thisvithin this period isnanageable.

Ongoing work for thevorkforce, with a graduateduction in the

10 years . . . : ) .

us requirement for installers, as new installations give way to maintenance
P work. Limited ongoing training requirement.
Summary

Heat pumps are almost certain to be a key technologyeicarbonising the built
environment. The skills required to install them effectively are sophisticated, and qu
different from those required to install conventional heating systems. They are also
more efficient when installed alongside improved enerficeency, distribution and
management systems, so a familiarity with these disciplines among heat pump inst:
would be an advantage.

A major effort will be required to train enough competent installers but for most
pathways, the scale is within themacity of existing training resources. A balanced
scenario would require between500 and 5,000 heat pump installers a year to be
trained over the next seven years, resulting in an additional resource of around 60,
workers. These workers would themr lbequired for most of the next twenty years, witt
demand gradually tailing within the range of natural attrition.

4.1.4 Heat Networks

Most pathways includerovision of a proportion of heat through heat networks, which
are described in Sectigh1.3.4 Although they are included in the scope of this study,
heat networks ificludingdistrict heatingand communal heatingarebetter considered
as infrastructure rather than building energy systems. T¢ayextend to cover entire
cities (e.gNottingham District Heating Scheme, which is 85km long)aaedypically
developed at the scale of streetsty blocksor highriseflats, with their viablity
depending on the availability of suitable heat sources and dependagledensityheat
demand.
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Research undertaken for this study has corroborated the findings of the recent®$tudy
undertaken into heat networks for BEIS by &irE added figures tothe qualitative
observations of that study, so thguantitative estimates o$kills requirementgan be
derivedfor different pathways

The main skills gapscludestrategic leveproject plannersengineers and developers
design engineers and control systems / PLC speciaisisat an installation level
welders and general installers.

This is indicative of the holistic natuaed the scal®f heat network designas distinct

from individual housescale interventionsTo design and develop an effective low

carbon heat network requireslentification of a suitable source of renewablew-
carbonenergy(e.g.a river) development of a system to exploit it (eaggcommercial

scale heat pump)ophistcated modelling of syply and demangnegotiation ofaccess,
commercial agreements and tarifisistallation and operationConnection to building
heating systems in a netwild scenario can be relatively straightforward, but integrating
heat networks withexisting building syems in retrofit context can be challenging.

Existing heat networks can be extended and connected to existing buildings, subject to
specified constraints on flow and return temperature diav rate. However, many

existing heat networks are powered by daslers orCHP, so decarbonisation of the
primary energy source for these systems is essential if they are to make any contribution
to net-zero.A recent Call for Eviden€&or the proposed £270nGreen Heat Network

Fund (GHNHRinpcluded questionselating to the decarbonisation of primary energy

sources for heat networks.

A wide range of scenarios is captured under a single headindakan in aggregate, the
deployment of heat networks at a given rate results in predictable requirements for
specfic skills.

Table 4-4: Heat Network skills summary
Timeframe  Skills Summary

Significant additional training capaci§500 average additional FTE per
1-4 years . . . L . )
year, including predominantlgpecialist and technical skills.

5-10 years | Reduction in rate of training t866 average additional FTE per year

10 years

plus Reduction imumbers required 1200FTE per year

64 https://www.gov.uk/government/publications/heahetwork-skillsreview
85BEIS: Green Heat Network Fund, Call for EvidenceedC18& October 2020.
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Summary

Significant deployment of heat networks will require a sharp increase in training, a
sector is currently undestaffed and skills required are typically technical, requiring
existing experience and long training courses.

4.1.5 On-site energy

This headingnicludesa wide range of technologiesany of whictbring new
opportunities for decarbonisation. The include orsite generation, energy storage and
smart systems, as well as the interaction between them.

For the purposes of thistudy, smaliscale wind gneration has been exclude8uitable
sites for grounédmounted wind installations are rare, and buildingounted systems

have never been demonstrated to be effectiveainly because the wind resource is too
low, the swept area too smalind the mechanic®o unreliable. Combined Heat and
Power (CHP) is also not consideredit @asntributes little to decarbonisation and locks in
greenhouse gas emissidhs’’.

For onsite generationthe study considersolar photovoltaic panelandsolar thermal
panels. Photovoltaic panels (known as PV) generate electricity from sufllghtost of
PV has dropped dramatically in recent yedanelsare now commonly seen mounted
on rooftops theywork best when oriented to the south and generatben the sun
shines.While P\generation is effective, the match of supply and demand can be poor,
particularly in a domestic context, as most consumption is overnight. This can be
addressed in a number of ways: éyporting excess electricity to the grid, or by storing it
on site either as electrical energy in batteries, or as thermal energy in avatar tank

of thermal battey. It isbeginning to become possible to connect the switching of
household appliances to esite generation outputso that electricity generated is used
as much as possible in the home (or building)

Solar thermal paneldo na generate electricity (although confusingly, hybrid
thermal/PV panels are becoming availabliaey generate hot water directly from
sunlight. This is stored, usually in a conventional hot water tank, and usstidarers,
baths etc. Solar thermal panedse very efficient andobust andcan make a significant
contribution to reducing hot water loads, typically providinghadt water requirements
over the summer, and around half in the spring and autumn (but very little in winter).

56 Does replacing coal with wood lower CO2 emissions? Dynamic lifecycle analysis of wood hioenergy
Stearman et. al. IOP Sciencénuary 2018
https://iopscience.iop.org/article/10.1088/1748326/aaa512/meta#artAbst

79 dzZNB LJISQa NBy Sgl 6t S Sy SNH toreRASHIECOigar @8I, Naigréa 4 SR 2
Communications 9(3741) 201&tps://www.nature.com/articles/s414679018-061754
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All of thesesystemscan now be connected together by smart meters and smart systems,
allowingfor example storage a#lectricity generated either on site or efite atcheap or
low-carbon times of day, variable tariffs levels based on wholesale cost of electaictty
other means of balancing the grid, allowing greater deployment of renewable generation
and other benefits.

From a skills and training perspective, roobunted generation systems such as PV and
solar panels require similarifik, such as scaffolding and workiaigheights. PV systems
require electrical qualifications, whereas thermal systems require more pluriasgd
skills.Thermal storage similarly can require only plumbing skills (in the case of
conventional hot water storage) or both plumbing and electrgidlls (in the case of heat
batteries).Installation of éectrical storageatteries requires electrical skills.

Domestic smart systentend to be very easy to set up, typically being aimed directly at
the consumer market (e.g. Apple HoméKiGoogle Net®®). Nondomestic systemare
typicallywired into existing systems amdquire electrical installation skill$hese

systems can provide insights into consumption patterns which can help occupants to
reduce consumption significantly, forodest cost and with relative easthey are
relatively new, and thee is still significant untappeplotential for integrating tlem with
internal and external systems, automatiegergy saving and exploitimgpnnected
services.

Table 4-5: On-site energy skills summary
Timeframe  Skills Summary

Limited additionatraining required.
1-4 years N
5000 average additional FTE per annum

Limited additional training required.
5-10 years -
450 additional FTE per annum

10 years | Limited additional training required.

plus -750 annudaveragereduction in numbersequired
Summary

Onsite energy systems are often straightforward to install, requiring at most
conventional electrical and plumbing skills. Widespread deployment will not presen
significant skills challenge.

68 https://www.apple.com/uk/shop/accessories/aficcessories/homekit
69 https://store.google.com/category/connected _home?
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4.2 Skills Analysis Model

This sectioriirstly describes the purpose of the model before moving on to describe the
mechanics of the modelling tool and finally the outputs of the model in the context of a
central input scenario.

Note:the model is built on the framework of th@onstruction Skills Network survey, s¢
novel roles (e.qg. retrofit cordinator) have been mapped as closely as possible onto
existing roles, but there are some roles (e.g-3f€ constructionheat networkdesign)
which are not included in C$Shind whichare therefore not included in the projections.

A4

4.2.1 Purpose

The model has been developed as an informative scenario planning tool. For any net
zero deployment scenario the model computes the impact on the construction sector
workforce both in terms of the nubrers of people required to carry out the deployment
scenario and the minimum skills those people will require.

The tool has been developed so that a user has the freedom to input arsenet

deployment scenario. This provislthe option for not only a prdetermined deployment

scenario to be input into the moddbut also for the model to be used as a goal seeking

tool to derive a deployment scenario which is acceptable and deliverable for the

construction workforce in terms of both recruitment and trainicgpacity. The model is

also supported by relevant guidance which allows users to update all baseline input

assumptions if improved data becomes available in the future. This requirement for the

tool to be flexible and adaptable is at the core of itsdévelY Sy G 'y R | ff 26a& Al
stay relevant into the future.

4.2.2 Description

The model uses a series of calculations and assumptions to compute the impact of a net
zero deployment scenario on the construction sector. It has been developed in MS excel
to helpwith ease of use, given it is a widely used programme and most have access to it.
Ease of use was a key consideration dunmmylel developmentas well as the ability for

it to be used by someoneithout expertknowledgein each of the building types or the
interventions.A final key element of the model is adaptabilitydeensuringthe model

remains a useful tool for years to come. To this end, all input assumptions are readily
updateable and themodel contains guidance listing where these inpgsumptions can

be found throughout the model.

In this section, the major assumptions and steps in the modelling are described. A more
detailed explanation of the mechanics of the model is founddpendixA.1.Q

There are three steps making up the model:

1) Step 1- Model inputs¢ the first step of the model is an input stage for the model
user. A netzero deployment scenario is input into the model and this forms the
basis ofall the model outputs. The model has been built so that any possible
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deployment scenario can be run through. However, there are some constraints
on the input data which the model accepts. These consist of:

a. The model is limited toolur different property types: domestic existing,
non-domestic existing, domestic new build, rdomestic new build
using amverage 3 begdemidetachedhouse and a high rise blocks the
basis for these typesas set out in Appendix A.2.3Although it is
recognised tht these four standard property typasay not reflect the
complexity of the building stock in a small geographical ated an
approachwas considereg good compromise in terms of not requiring a
large number of input assumptions, broken down by furthesperty
types, and to ensure the model is workable by all users

b. 18 different types opossibleintervention including building fabric,
heating systems and technologies such asT\&list of interventions has
been developed in consultation with stakddersas those most relevant
for the transition tonet zero.Althoughit is recognised that each
intervention has its own complexityhesecategories represerdn
averagefor that intervention.lt is also possible to input requirements for
retrofit co-coordinators; and

c. Pace changsfor years 202Xk 2030 can be changed on an annual basis
and from 2030 2050 this pace change is on g®&arly basisThis is a key
part of any input assumption aalthough only the number of number of
installations across property types is needed to understand the total
effort required to reach netero by 2050the pacing of these
interventions is key tainderstand the requirements on resources and
skills across the 30 year period.

2) Step 2- The FTE requirementsthe second step of the model produces the first
outputs which consist of heat maps and charts of the additional workforce
required to deliver thescenarianput in step 1 byCSN Occupational Groupo do
this a series of assumptions are used including:

a. CSN Occupational Groupee usedhroughout the modelnd the
additionaljobs requiredare classified according to the ZBSN
Occupational Groupssed as the structure for the Construction Skills
Network Forecagt. (This approach was chosen so that thedelds
consistent with other CITB forecasting togls)

b. Itis acknowledged that there are some jobs, especially those relevant to
heat networks and modern methods of construction, which do not fall in
to these CSN Occupational Groups and for the purpostteafodelling,
they are considered out of scope

70 Construction Skills Network forecasts 2€8@3¢ UK CITBhttps://www.citb.co.uk/about
citb/constructionrindustry-researchreports/searchour-constructiorindustry-research
reports/forecasts/cseAorecasts2019-2023uk/
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c. Similarly, new roles such as retradidlvisor,assessorgo-ordinator,
designerand evaluator, which are not included in the G3icture, are
mapped as closely as possible to existing roles (etigpfit co-ordinators
are included in the Construction Project Manager category);

d. lyLdzi RFEGE F2N GKS WiAYS Gl 1SyQ G2
andCSN Occupational Grotgrms the basis of the calculation in this
step; and

e. A uilisation rae assumption has been made that 4%f the current
construction workforce currently works on reero projects and are
therefore available to install the input deployment scenario.

3) Step 3- The skills and qualification requirementsthis third and final step of the
model considers the skills and qualification requirementthefworkforce
required to deliver the intervention scenario and presents the outputs as
heatmaps and graphs. The skills and qualifications are treated sldifidgently
in the model as outlined below:

a. vdzl £ ATAORIEARNT X CIeiErstaNVDileged Slegeees, and
t K 5 Tha iodel usekabour Force Survey a@bnstruction Skills
Network datato understandthe spread of these qualificatiom the
current workforce and apportions the same spread of qualifications to the
additional workforce; and

b. SpecialistskillV{ LISOA It Aad alAftfaqQ NBTFTSNEH
0KSIIECQ EOSRNIYAZFYA SR O2dzNE Sa &adzOK | a

AY &l
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install an intervention who require the specialist skill is used to calculate
the specialist skills requirements of the workforce.

In conclusion, the three steps the model outlined abovéorm the scenario planning

tool and enable a user to input any Re¢ro deployment scenario and derive the impact
on the construction workforce in terms of additional FTE@8N Occupational Group
and the implication on skills and qualifications. Finahlg, input data for the model is

fully updateable so that the model can be updated alongside technical innovation and
data improvement.

It is acknowledged that there are some jobs, especsiye aspects dieat networks
and modern methods of constructipmhich do not fall in to the CSN Occupational
Groups The modehssigns hours across the CSN Occupational Gfoupseasures
relating to these disciplines, but there are some occupations which are outsdeéSN
framework,and for the purposes of the naelling,theseare considered out of scope.

" This figure is taken from a survey of their members conducted by the Federation of Master Builders,
which asked what proportion of their time was spent on{oarbon work. Th FTE requirement estimate

for each CSN Occupational Group has been reduced by this percentage, on the grounds that that amount
of work is already being done.
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4.2.3 Example scenario

An illustrative nezero compatible scenario has been used, based on input from the CCC

alongside other steering group members. This illustrative scenario is intended to be a

balanced scenarioncorporating moderate levels of energy efficiency uptake and a mix

of low carbon heat technologies (including some hydrogen as well as electricity). It

AYO2N1IR2 NI iSa Iy WSySNHe& STFFAOASyOe FANRGQ @GN
efficiency deploymenbver the coming decade, ahead of wideale lowcarbon heat

deployment.This section presents the results of this deployment scenario and explains

the outputs of the mode

The input scenario provided data which relatedstasting and newbuild domestic

property and profiled a deployment scenario for most of the interventions included
within the model to 2050. Some aggregation of the scenario was required where one of
the madelled intervention categories was split into several lines within the datal

some of the interventions included in the model were not considered in the input, data
such as estimates fa@olar thermal panelsso estimates were made for their deployment
using similar interventions from the input data.

To run the model completely, estimates were maderfon-domestic properties

1 For nondomestic existing properties factor ofl/60" of the deployment
scenario for the domestic existing property type wagut. Thisfactoris based
onthe standardised energy consumption figures for domestic anddwnestic
buildings, which tend to be presented per unit, and pérraspectively so that
figures for individual dwellings and flats can be compasel

1 For nondomestic new build, BO" of the deployment scenario for domestic new
build was input. This assumption is basedelative energy consumption figures
of domestic vs nosdomestic properties.

The input scenario provided alslid notinclude data for the ambers of retrofit ce
ordinators required for domestic and nedomestic existing properties. An assumption
has been made that the number of retrofit-@dinators required in a particular year
will equate tothe same number as the intervention with the ntasstallations in a
particular yeay on the basis that those interventions will have been specified by a
retrofit co-ordinator.

This netzero deployment scenario forsithe basis of the results presentedgures4-1

to 4-6, whichillustrate how the modécan be used to determine the skills implications of
a decarbonisation scenari&achfigure will be discussed in turn alongside a brief analysis
of the modelled results.

These figures are based on a static 2049eline andire expressed in terms of
additional FTE requiremenit is important to note thathe modelledrequirement will
actuallybe additional to a baseline which starts at around 2.7 million, which varies
annually, andvhich may be expected to vary more tharuasin the context of
coronavirusEU exit and other factors.
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The model does not include attritips that is included in the basetinand the model
derives additional FTE jobs required as a result oizeed, so overall attrition is not
relevant.

As he purpose of the model is to inform requirements for skills and trainirggnerates
figures for additional workjeneratedby the net-zero programmelt does not modethe
reduction inwork that results for example irthe installation and maintenancef fossit
fuel energy systemdhis has led to some confusionimerpretation of thefigures
during the report review processs they are often read as natlditionalconstruction
sectorjobs, when in fact the modednly estimates additionalvork, taking no account of
reductiors in existing workload.

This confusion seems to be particularly acwith respect to replacement of equipment:
CCC has provided design life estimates for the various measures included, and these
have been built into the model at appropriate tingpacing. For example, aource heat
pumps have a design life of 15 yeaas,do gas boilerd0,000ASHRunits installed in

2021 will result in an additional 10,000 replacements in 2@38h the original
installations and the replacements will require additional trained stafid both will
displaceinstallation work that would otherwise have goneftissitfuel boiler installers.
The model only considers ttaglditional skilled staff required, and the inngdl training
requirements; it does not consideeductions in demand as a result of displacement of
conventional installations.

The following sections describe the graphs presented belaiwch are drived from the
model. Themodel itself has been submétl to CITB and forms part of this repooutput
in any format can be generated from the model.

4.2.3.1 FTE requirement by CSN Occupational Group

The gaph of additional FTE requirement above 2019 year baseline CSN workforce per
CSNOccupational Grouprofiled to 2050 (Figure4.1) displays the output of step 2 of the

model. It shows that, with the input deployment scenario there will be a peak in the

total number of additional workers required to deliver the scenandiK S € I ©fS HnH N QA&
around350,000 additional workersThe CSN survey recorded 2.7 million workers in the
constructionsector in 2019, thereforehis scenario requires an increagkaround 13%

in the current size of the construction sectdihe peak in dmand for workers in the late

HAHNA A& LINAYEFNAREE& RNA GCeyaripvbichielfues@gjgf SNEE ST T
effort to improve building energy efficienay preparation forthe installation of modern,

low-carbon heating systems

For clarity the chart is presentedvith the data table and includes only those

occupations where additional FTE are required as a result of implementing the required
measures Thisdoes not suggs thatthoseoccupationsexcludedwill not be required; it

is because the model takes account of exiseffgrt in net-zero ativities. Where the
required additional effort is less than existing capacity, the model retunesjairement

for zero additional effort.
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The graph o&innualdifference in FTE required per CSN Occupational GFgpré4.2)
builds onFigure4.1 and shows the difference in FTE requirement per CSN Occupational
Groups for adjacent years. The graph shows thate are severaCSN Occupational
Groupswhere significant recruitment will be required the early 2020sThese include:

1 ConstructionProject Managersvherea peak 020,000 additional workerper
yearwill be required;

1 Plumbingand HVACTradeswherea peak of 1300 additional workera yeamwill
be required;

1 Labourersot elsewhere classifiechéc) wherealmost12,000 additional workers
will be requiredand

f BuildingEnvelope Specialistghere nearlyd,500additional workers will be
required

Based on the illustrative scenario,the late 202@ the numbers of additional workforce
required on top ®the 2019 base construction workforce will decreaapidly, as energy
efficiency work is completedhey will then become broadly stab(still at around

250,000 FTE more thdahe 2019 baselinegp 2050as the requirement fomaintenance

and replacemenkicks in The decrease in workforce mostly affects tHé dzA f RA y 3
envelope specialisf@? 02 y &4 4 NHzO (G A 2 y | YRR B DGANY |/ F{ DNE Q
Occupational Groupand is on the scale @&0-30,000peoplein each of these categories

in years 20282029 With foresightthesereductions in numbergan be managedor
examplefor example through structured programmes ofseilling, particularly as there

will be an increase in the requirement for lezvarbon energy systems around this time.

4.2.3.2 FTE requirement by qualification level

The gaph of FTE requirement, in addition to the 2019 workforce base, per qualification
levelprofiled to 2050(Figure4.3) shows the same profile &agure4.1 but split into
gualification levels, showing the relative distribution of workers required at each skill
level There is a weightingpward NVQ Level 3 and below.

The graph oflifference inannualFTE requirements for subsequent years for each
gualification label profiled to 205@0Figure4.4) shows the per annum variation in
requirements, asigured.2 but split by qualificatiorlevel, agigure4.3. It highlights that
aroundyear2030 there will bequite largescalereduction in numbers requireavhich

will fall mainly on lesskilledworkers. This highlighthat under an energy efficiency first
deployment scenaridhere is aneed for carefumanagement of this key transition to
ensure that workers are protected arhve a just transition to other work.

In this context, it is perhaps worth emphasising that this model is intenddtlstrate
the consequences of particular decarbonisation pathwagsthat those consequences
can be consideredt is not an illustration ofovernment policyThus, the shar drop in
employment resulting from thianalysisshould be read agwarning to prompt
appropriate action to ensure a just transition, while of course maintainingititezero
decarbonisation trajectory.
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4.2.3.3 FTErequirement by Specialist Skills

The graph ofTE requirement for each Specialist ISkibfiled to 2050(Figure4.5) and
difference in FTE Requirements for subsequent years for specialist sHillsdpto 2050
(Fgure4.6) show the requirement for specialist skills sahheat pump installeBased
on the illustrative scenariohese qualificabns peak at around 250,000 the late
2020s,when there is a sharp drepff, followed by agradual increase over the next five
years or so, back to the peak level of around 250,000, which remains siatilléhe
mid-2040s, when it starts to tail off to around 200,000 in 2088ure 4.6 shows the
annual variation in training (and redtion in numbers requiredby specialist skill$n the
f I S ,#inline wit the general reduction edditional workforcerequirement
described abovethe need for some specialist skills will also decrease. Thpseialist
skillsmost affected include:

1 AsbestosAwarenesslraining(-22%)
1 Trustmark Approved Retrofit Godinator (17%);
1 Trustmark Approved Retrofit Designet§%)

The scale of changmpliedby the illustrative scenario representss a maximuna
decrease in specialist skills&f,000coursesper year. Th impact of thion training
collegeswould need to be carefully considereahd planned
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Figure 4.1: Graph of additional FTE requirement above 2019 year baseline CSN workforce per CSN Occupational
Group profiled to 2050
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Figure 4.2: Graph of annual difference in FTE required each year per CSN Occupational Group
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Figure 4.3: Graph of FTE requirement, in addition to the 2019 workforce base, per qualification level profiled to 2050
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Figure 4.4: Difference in FTE requirements for subsequent years for each qualification label profiled to 2050
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Figure 4.5: FTE requirement for each specialist skill profiled to 2050
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Figure 4.6 Difference in FTE requirements for subsequent years for specialist skills profiled to 2050
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W Electricity for plumbers course 2,416 651 745 993 3,567 2,280 2,990 4,967 -1,760 245 1,036 1,036 1,036 1,036 1,036 129 129 129 129 129 -22 -22 -22 -22 -22 -858 -858 -858 -858 -858
m Trustmark Approved Retrofit Coordinator 2,176 1,667 2,653 3,792 4,855 2,756|7,353 5,317-15448 326 613 613 613 613 613 0 0 0 0 O 1,941 1,941 1,941 1,941 1,941 -1,917-1,917-1,917-1,917-1,917
m Trustmark Approved Retrofit Designer 1,034 1,481 2,350 3,371 4,315/2,449 6,536 4,726-13,732 200 545 545 545 545 (545 0 0 0 O O 1,725 1,725 1,725 1,725 1,725 -1,704-1,704-1,704 -1,704-1,704
m Refrigeration, Heating & Ventilation Qualification 1,922 364 322 178 2,3541,763 1,658 3,947 1,615 306 829 829 829 829 | 829 121 121 121 121 121 438 438 438 438 438 752 -752 752 -752 -752
mFGas 1922 364 322 178 2,354|1,763 1,658 3,947 1,615 306 829 829 829 825 | 829 121 121 121 121 121 438 438 438 438 438 752 752 752 752 752
m Trustmark Approved Retrofit Installer 242 185 295 421 539 | 306 817 591 -1716 36 68 68 68 68 68 O 0O O O O | 216 216 216 216 216 -213 -213 -213 -213 -213
m Trustmark Approved Retrofit Advisor 242 185 295 421 539 306 817 591 -1716 36 68 68 68 68 68 0O 0 0 0 0 | 216 216 216 216 216 -213 -213 -213 -213 -213
m Trustmark Approved Retrofit Assessor 242 185 205 421 539 | 306 817 591 -1716 36 68 68 68 68 68 0 0 0 0 0 |216 216 216 216 216 -213 -213 -213 213 -213
Pro-Fitter/GGF: Surveyars 153 89 131 253 252 159 410 324 -1046 1 73 73 73 73 73 0O O O O O -139 -139 -139 -139 -139 .33 33 .33  -33 -33
W Pro-Fitter/GGF: Windows and Doors - Novice/GQA Accredited 869 503 744 1432 1,430 898 (2,324 1,834 5927 3 414 414 414 414 (414 O O O O O |-78 -786 -736 -786 -786 -187 -187 -187 -187 -187
m BPEC, Solar Thermal Systems NOS Mapped 1 2 0 0 87 21 31 -2 22 -120 -4 -40 -40 -40 -40 16 16 16 16 16  -12 -12 -12 -12 -12 -13 | 13 -13 | -13 -13
W BPEC, Working at Heights Access Training 145 86 124 239 1592 178 432 248 970 -211 -9 -9 -9 -9 | -9 27 27 27 27 27 -159 -159 -159 -159 -150 -44 @ -44  -44 | -44 -44
W BPEC, Award in the Installation and Maintenance of Small Scale Solar Photovoltaic Systems (Level 3) 290 168 248 478 1,530 314 | 801 549 -1984 -163 62 62 62 62 62 21 21 21 21 21 294 -294 294 294 294 62 62 62  -62 -62
W CITB SMSTS (Site Management Safety Training Scheme) 33 34 47 67 164 48 | 123 93 274 -16 46 46 46 46 46 2 2 2 2 2 5 5 5 5 &5 3 3 3| 3 7
W Gas Smart 299 173 256 494 1580 324 827 567 -2,048 -169 64 64 64 64 64 22 22 22 22 22 -303 -303 -303 -303 -303 64 64 64 64 64
= Diploma in smart metering 1013 677 1,043 1,717 2,350 1,166 3,061 2,277 7,051 12 360 360 360 360 360 8 & & & 8 60 60 -60 -60 60 -540 -540 540 540 -540
m Battery Storage Systems Training course 321 18 275 529 528 332 859 677 -2190 1 153 153 153 153 153 0 0 O O O | -290 -290 -290 -290 -290 -69 -69 -69  -69 -69
= Hydrogen boiler conversion courses 198 567 118 87 -290 319 326 142 994 1112 554 554 554 554 554 0 0 0 O O |-100 -100 -100 -100 -100 117 117 117 117 117
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50 Recommendations

This section sets out the recommendations identified to overcome the barriers identified
to achieve netzera This report does not recommend any particular scenario or pathway
to achieve netzera Theserecommendationsre built around the following key

outcomes andled to the development of aoute mapfor their delivery

1 Developing nekzero ready trainingapability
f Establishing skilled supply chains for retrofit
1 New Build/MMC

f  Ensuring quality in delivery

1 Creating the demand for netero skills

This format is used faronvenience bushould not be taken as recommending a linear
progression. Thgap betweenwvhere we are today and netero requireghe generation
of, and ability to meetlemand,improvements in thequality of delivery,and
developmaent of training resourcestEach depends on the others, and all are required.

Anonymous quotes from interviews to substantiate the following recommendations and
comments are included in Appendix1.4

5.1 Training supply must be net zero ready

Throughout the research programme which informed this report, specific skills gaps have
been identified by respondents and summarised in the route m&geiction5.5. This
illustrates a view that was held by several respondents, that a more prescriptive,

planned approach to setting the coverage, content and quality of the curriculum is
required. Currentlythe provision of training is led by demand, which has remained

much the same for decades and is based on existing construction techniques and sector
priorities.

The rapid shift in the scale and nature of work required to deliverzeed means that

this approach will no longer work: a pathway to re¢ro must be mapped out, the

training required must be developed, and policy must be implemented to create demand
for the skills created. Encouragingly, respondents to the survey indicated that they were
veryinterested in completing training fatecarbonisatiorandfelt that they were aware

of the skills they would need, and that it would be easy to learn the skills required.

For a number of technologiesxdapproaches there is then a need for specific tragnin

and upskilling, e.cheat networksheat pumps, hydrogen boilers installation, offsite
construction installation or retrofit cordinator. New skills being developed through a

YAE 2F LN} OGAOLE oG22to02E GFf1aowithyR Y2NB
verification that a standard has been met through training centre exams.

For example, a general heat pump training course would focus on the specifics of how a
heat pump worksifi both a domestic and nedomestic context)ncluding heatoss
calculdions, hydraulic balancing, flow temperature calculations and heating system
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FGas qualified. The qualification outcome from this training bein@fuataccreditel
Heat Pump Certificate and a skills card similar to Gas Safe, and a requirement for
retraining in 5 years. It would be up to the individual to also then pursue the relevant
other specialist skills required e.g(as qualification.

Where relevant for partular technologies, variousanufacturerspecific training
courseshen follow this,which would be provided by the manufacturdihis trains the
installers on the specific configuration and installation requirements of each
manufacturer. The qualificatrooutcome from this training is a Specific Manufacturer
Certificate, with retraining every 5 years.

Considerable work has already been undertaken across the UK and the devolved nations
to reviewconstruction qualificationsmuch of which has involved Cla8a common

partner. This approackbombinesthe benefits ofthe focus ofdevolved approaches with

the benefits of a central hub to disseminate best practice while ensuring conformity and
maintainingstandards

Recommendation 1: Addressing Training Gaps

Relevant organisationsDepartment for Education,Institute for Apprenticeships and
Technical Education with input from BEGTB, industiywWelsh Government,
Quialifications Wales, Scottish Government, SRéselopment Scotland

Description: Currently, the provision of training is led by demand, which has
remained much the same for decades and is based on existing construction
techniques and sector prioritietlKGovernmens should work with training provids
to offer training for the key gaps.

51.1 Net zero training structure

Many respondents across disciplines and trades discussed low/zero carbon training and
upskilling in terms of a series ioicreasinglynore complex and technicalrriculum
units based on the chosen career path. This is summarised as follows.

5.1.1.1  Introductory net-zero training

The survey and interviews demonstrated strong support for generatesd, or low

carbon training across the board. It was felt that right across the sector, it would be
beneficial for everyone entering or already employed in the cormsitbn sector to have

a basic understanding of the impacts of buildings on the Climate Emergency, and what
measures can be used to reduce energy demand, and the impact of that energy. It would
provide an understanding of how the range of low carbon techgiel® and approaches

work and the basics associated with their design. This was seen as module that should be
bolted onto all existing training programmeEBhe qualification outcome being @fquat
accreditediow carbon building certificate.
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Recommendation 2: Net-Zero Training
Relevant organisationsTraining providers

Description: Developa netzero training course. This could includederstanding of
the range of low carbon technologies and approaches work and tee$associated
with their design. Thisouldbe added toexisting training programmes.

Although it is out of the scope of this research, this training should include emboc
emissions of construction products and activities, without whichzesb cannobe
achieved.

5.1.2 Developing new material

The development of neWational Vocational Qualificatior{dlVQs) based on National

Occupational Standards (NOS) and the incorporation of new material into existing NVQs

was seen by most respondents as the way forward. They were consisigiedlevant

to the sectorprovided it includeda competency test. Oneespondent noted that in

terms of professional degree courses, where they are aligned to the construction

AYRAZZAGNE S YlIye 2F (KS&S O2dz2NaASa | NBE | OONBRA
is therefore a role for all sector professional bodies totdbute to specifying/

validating the content that is to be covered, and agreeing to only accredit courses which

have got the agreed content.

One of the challenges with training is the time taken for new content to be developed
and incorporated into currida; with content often staying relatively static farperiod

of five years or more. The neero training will require an accelerated program in
colleges and universities and the private sector as well, to ensure the UK has quality
people who can specifyglesign, monitor, manage, as well as all the installation and
maintenance people that go with itAs well as periodic reviesof NOS, there is a
mechanism foincremental change. Standards can be amended to reflect changes in
current occupational practas, or legislation, as industry requifés

There is avast aray of existing courses and it will be importantibdduencing through
organisations (e.g. Qualification Walds¢ writers of these qualifications to include
decarbonisation within them.

2https://www.citb.co.uk/standardsand-deliveringtraining/training-standards/nvegsve
standards/onstructioncontractingoperations/
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Recommendation 3: Refreshing Training
Relevant organisationsTraining standards and providers
Description: Refreshtraining material on a more regular basis.

5.1.3 Format of training

I AAAYAFAOI Yy LINR L2 NIHReRy? 0% intOMElfgSiNgEh A & LINE O
formal apprenticeships, in a traditional classroom format or through toolbox talks (e.g.

BEPI™) on site. It was recognised that there are opportunities for the sector to make

better use of modern teaching platforms, such as apps@idRS2a ® & . SG G SNJ G NI A
listed as the best way to attract more people to the sector; in the context of most

construction training provided today, this does not necessarily mean more formal class

based training.

/I Le. Qa 26y NBa SsteNdiring“painis pidreNdvalrecogrsgd

training route with potential to make a significant contribution to fero skills
development, given appropriate development support. Meanwhile, developments in e.g.
online learning®and immersive technoldgs’®show the potential for diversifying the

way in which these skills are developed.

One respondent commented that:

GAFT | 0dzAf RSNJ KFayQid R2yS | 2206 0ST¥2NB> GKSe@
YAIKG 0STF2NB e

While intended to be flippant, the comment highlights opportunities for platforms such
as YouTube to be developed on a more formal basis, to ensureygoatitrolled
YFGSNREFE A& RS QO Sconpetihéean be/cReckiédahdioggd. $Hed Q
factors listed by survey respondents as most important if they were to retrain -@kilp
were cost, accreditation and the ability to build on existing skillgfavhich could be
managed through such an approach. The most popular format for training among
respondents was short duration edite.

3 https://bepit.org/

4 Onsite Assessment: Capacity research and evaluation of the current model for
delivery. CITB, November 2016.
https://www.citb.co.uk/documents/research/citb_pye thiosat report_nov16.pdf

S https://learn.citb.co.uk/courses/course1:CIT+CIT001+2017/about

6 https://www.citb.co.uk/aboutcitb/constructionindustry-researchreports/search
our-constructionindustry-researchreports/innovationtechnology/anew-reality-
immersivelearningconstruction/
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Respondents agreed that quality in training vessential, and that there was room for
improvement in many existingoarses.

Case Study: Traito-NZEB Project

¢ KS &taiNEBR.YyE LINR 2SO0 I klasstrainidy on dN@ gy affiRi€ncyy
and renewable energy systems in buildings (new and retrofit), based on new traini
programmes, business plans andtgpdate training equipment for a set of training
and consultation centres around Europe.

Its goal is to improve the knowledge and skills in the construction sector and to pr¢
practical trainings, demonstrations and comprehensive consulting servicdss$an
and construction of Nearly Ze#®nergy Buildings (NZEB) supporteddnewable
energy systemsbased on the Passive House concept.

The training centres (or Building Knowledge Hubs) form an international network,
providing training courses on the ciaula developed under the European BUILD UFP
Skills initiative and by project partners, as well as continuous opportunities for
exchange, updating and improving of the existing training programmes. The mode
training facilities enable the conduction ofgmtical exercises in addition to the
theoretical programmes already available in the focus countries.

Case StudyCommercial Retrofit The Net Zero Plus Electrical Training Institute
The Net Zero Plus (NZP) Electrical Training Institute (ETDUS&®ea f | NB S &
commercial retrofittraining centre This training facility is a national showcase of
excellence for electrical training and innovations in emerging technology testing ai
demonstration?’®

Recommendation 4: Format of Training
Relevant organisationsTraining providers

Description: Providetraining via modern platforms that are outside of the classroo
environment.

51.4 Cost Barrier

The most important factors when undertaking decarbonisation retraining or upskilling
were external funding to cover some or all of the cost of training; and receiving an

T http://lwww.train -to-nzeb.com/

8 http://totalenergysolution.org/netzero-plus.html
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accredited qualification at the end of the cour&#ith cost generally being seen asra

important for smaller businesses, but not exclusivélyvas raised as a key issue during
the interviews and the survey by respondents with the majority saying funding would
incentivise undertaking decarbonisation training. Lost revenue was alscasegm

important impact of attending training.

One respondent when discussing heat pump installer training estimated tloatralay

coursecould cost-£500 to £700. dst revenuefor that period could be ~£1,500 total, so
the total trainingcost the instder ~£2,000.As noted abovefisome of this training could

be done onlinejt could help reduce theokt revenue, and that some type of voucher

scheme that covers some of the cost would further reduce some of the financial burden

on the installer. One rgwndent also argued that only providing part funding (rather

than total funding) for training would be a mechanism of incentivising those attending to

make the most of the training being provided. With another arguing that for small

companies it waséstto do as much of the training at the work plaged.building
sites), in short dedicated toolbox talk training session to adomn time to travel to

training.

Recommendation 5: Funding for Training

Relevant organisationsiUK Government and devolvedministrations

Description: Funding should be secured for to help incentivise participation in futt

training programmes.

5.1.4.1 Inter-trade awareness training

Thelack of intertrade appreciation for the need for quality, and what it affects on the
next trade to work on a project, was a common theme in the interviews, e.g. if a trade
makes a hole in a wall for a pipe, or a brick layerveasidntly creates a thermal bridge,

what impact there may be on other trades, or the
buildings performance as a whole. Addressing tl
AdadzsS glayQid asSSy oe |
fundamentalchange in therades, but theneed
for each trade to hava common understanding
of itsimpact on theoverallbuilding The
appreciation of the building systems and
structure, their interaction and the need for
guality is a common module that should be
applied across training for construction trades

aL GKAYy1l GKIFG ¢S4
fact thattrades havegot to learn
about building science as well. They
just haven't got to learn the trade.
They got to learn why they're doing
what they're doing and the impact of
not doing it correctly, what that

me yaoe¢

Interview Quote

new build and retofits.

There are parallels between intérade awareness training and an increasing
requirement for multitrade competence, which is increasingly required, e.g. for MMC.
Competence spanning more than one trade is also valuable in the context of thegvaryin
requirements for particular skills suggested by the modelling process. For example, as
building envelope interventions become scarcer (essentially because they have all been
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completed), the ability to pick up more work in installation of energy systemsmart
systems, will become increasingly valuable. This also links with CITB research showing
that, in smaller companies each employee is more likely to take on a wider range of tasks
than someone with the same job title in a larger comp@ny

Recommendation 6: Intertrade Training
Relevant organisationsTraining standards and providers

Description: Developintertrade training.Thiscould be added t@xisting training
programmes.

5.1.5 Co-operatives

The framework for this report is skills and training in the UK Construction Sector, and
because of that the emphasis throughout has been on commercial organisations.
However, there is evidence through case studies and interviews that a less commercial
approach is effective, and may form an important part of the decarbonisation solution.

Retail sales of DIY supplies in the UK in 2017 were £6.74bn. This includes decoration,
repair and extension work, as well as energy efficiency, but it suggests that the DIY
approach to renovation and retrofit is not insignificant. There are case stiidigéch
demonstrate that providing formal training and support to commigstto implement

their ownprojects is an effective way of delivering enegfficiency improvementsrThis
includesboth equipping communities with the knowleddfeey need to procure and
commission work, and to do the work themselves.

The CCC core scenario includes interventions in behaviour change, which might usefully
be targeted at initiatives such &lsis with a demonstrable track record. This approach
might not increase the turnover of the sector, or contribute materially to GDP, but it
could be effective in delivering decarbonisation.

Case Study: Carbon@lLJ ! w. 95Qa tS2LX S t 28SNBR

A partrership led by Carbon Gip and URBED with funding from the Department of
.dzaAAySaa 9ySNHeEe YR LYRdzAIONREFE {GNXGS
householdefed approach to domestic energy efficiency retrofit in Greater Manchest

This project is tackling many of the key barriers that homeowners face in commissic
work, including lack of appropriate contractors and concerns around the quality of w

9CITB (2017) Faster, Smarter, More Efficient: Building BkiBffsite

80e.g.https://retrofitworks.co.uk/portfolio_entries/domestieretrofitworks-case
studies/, https://constructiveindividuals.co.uk/2019/12/16/theommunity-selfbuild-
years/
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taking a more localised approach to creating a market for energy efficiency.

The new endto-end retrofit service being piloted includes advice, a My Home Energ
Planner assessment and Retrofit-Qulination to assist householders in procuring
contractors and carrying out Quality Assurafite.

Recommendation 7: Co-operatives

Relevantorganisations: UK Government, devolved administrations and local
authorities

Description: The opportunity to leverage eoperative approaches to deliver net zer
should be exploited through development and support programmes.

5.1.6 Non-technical and behavioural skills

5.1.6.1 Appeal

As previously highlighted, addressing Net Zero will require a significant increase in
workforce numbers to deliver it. It is critical that the appeal of a career in the
construction sector is improved. It is not clear whether this prable unique to the UK,
but it is certainly the case that other countries view a career in construction as having
higher status, and that they provide greater equality of opportunity.

Given the increase in number of skilled workers that will be requiredketiver netzero,
there will be a need to draw in a younger demographic and more women into the
workforce. A survey undertaken for BEIS in 2848ggested that twehirds of 1824

year olds would prefer to work in the green economy than outside it, so this
demographic should be amenable, provided the reputational issues the sector suffers
can be addressed common theme from the interviews was theed to change the

way construction is marketed to new entrants, moving away from a perception of

WodzA €t RAY3IQ FyR LI FOAY3 | Y dzoeo, dédadbdnidaBoN) S Y LIK | &

modern methods of construction and building engineering

Communication skills as well as the physical installation was also a theme that was often
discussed. As new technologies such as heat interface units, heat pumps, hybrid systems,
smart controls are more widely introduced, there will be a need for thesteBysto be
explained to the consumer to a much greater degree than for example a conventional

gas boiler. One respondent likened it to those softer customer skills seen in Apple shops.

81https://carbon.coop/

82 https://www.fenews.co.uk/presseleases/20883e-article-for-consideratioron-poll-
findings37-million-youngpeoplewould-prefer-a-job-in-the-greeneconomythan-one-
outsideit
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help to broaden the appeal, and demographic available for recruitment. The Skills Needs

Analysis research referenced in Sectp.2.1also showshat heritage work attracts

females into the construction industry. In England, 9% of the workforce working on

traditional buildings is female (5% in Scotland, 6% in Wales). This rises to 13% female

G2N] F2NOS NBLIR2NISR o0& SYQE &2 SBET OF | &\ A FNISRA i
1919) buildings. This compares with 1% female in manual trades in construction overall.

The particular need for skilled workers in traditional and heritage renovation therefore

appears to have synergies with the need to litea the pool of talent by increasing the

appeal of the sector.

Off-site construction techniques present the opportunity for a different format of
employment, which may appeal to a wider demographic, and the requirement for an
unprecedented degree of effodcross the sector for the next thirty years should provide
security, however there is work to do to improve the reputation and appeal of building
work. Given the sheer numbers required to deliver-aeto, the sector cannot afford to
restrict the pool oftalent it draws from.

Recommendation 8: Improving the Reputation of the Sector
Relevant organisationsConstruction industry bodies, teaching organisations

Description: The reputation of the construction sector has to change if there is go
to be a bigenough pool of talent to draw on to achieve retro. Recent
developments have the potential to transform the industry but these gains must
advertised, and every opportunity taken to improve the standing of the sector
including curriculum and careeaslvice.

51.6.2 Trust

While there is a wide range in the level of trust the British public places in different
building trade&®, the most trusted (electricians, central heating engineers and
plumbers; notably those professions with stringent licensing requaets) enjoy levels

of trust shared by the police and judici&tyThis puts these professions in an excellent
position to be able to influence the pace of decarbonisation by recommending retrofit
options to clients, provided everyone is aware of the funeéamals (see Sectidh.1.1.])

83 https://www.which.co.uk/news/2018/06/buildersand-roofersthe-mostmistrusted
tradespeoplesaywhichhrmembers/

84https://www.ipsos.com/ipsosmori/en-uk/trust-politiciansfalls-sendingthem-
spirallingbackbottom-ipsosmori-veracityindex
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This also applies to informing the general public about the Climate Emergency, the
impact that their homes and offices have on it, andatvthey can do about it.

Recommendation 9: Supporting net-zero in Construction
Relevant organisationsConstruction industry bodies, colleges

Description: Related to Recommendations 20 and 26, construction sector worker
have demonstrated their enthussan for playing their part in the netero transition.
Relevant bodies should ensure that they are supported to do so.

5.2 Establish skilled supply chains for retrofit and
manage transitions

Retrofit is the most importaneind the most
challengingLJ: NIi 2 F {dtcSrografing | ahy S 2F 2dzNJ | NBdz
for the built environmentPolicy to realise this | Can'tuse business as ustai retrofit
does not yet existout some potential options do 's that -the.reJUSt ls't enough labour.
! - - ) ' There isn't enough skilled labour to
and are discussed in Sectibrb.1 Assuming a work productively orsite to deliver,
successful policy is developed, the skills and for example, 27 million housing
training requirements will vary, dependingon | NBGNBFAGA Ay wmn
what pathway is adopted?AS 203and PAS 203§ |nterview Quote
will most likely be the framework (possibly built
around a Building Passpa@approach).
Irrespective of pathway and approactgveralrespondents raised concerns about the
number ofadditionalindividuals that would be needed to deliver the level of retrofit
required to deliver 27 milliomlomesticand 2 million nordomesticretrofits in hopefully
significantly less than 29 yeaisspecially when considering thduese types of measures
will need tobe deliveredalongside adaptation measures to increase resilience to climate
changethat has not been within the scope of this study

521 Build training capacity to support the delivery of PAS 2035
and PAS 2038

PAS2035 iwelcomed across the sector as a marked improven{BAS 2038 idue for

release in 2021 however thereare still significant concerns with the system, particularly

inthe contextofitsWRS & LINBI R dzdS (2 dzy RSNLJIA yTheteKS ! YQA&
are currently nowhere near enough retrofit designers orardinators tocope with the

demand that will be required. There are many more EPC assebsibthis level of

gualification and expeeince is not sufficient to supporetrofit design.
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The Green Homes Grant requireadespeople to be registered with Trustm&tR®, and
Trustmark requires thategistered business comply with thhequirements of PAS 263
so it seems likely that there will @ immediate requirement for retrofit professionals
to deliver the hundreds of thousands of interventions the Grant hopes to encoufdge.
Trustmark websitencludes a listing of all the energy efficiency measume&ed by the
Grant, and certification bodies that can provide accreditation under PAStaGarry

out these measurés.

There isconcern that NVQs do not yet exist for all the roles required to support the
standard developing these would be a wiegrets, lowcost intervention which should

be prioritised.CITB is responsibfer development of National Occupational Standards
for the roles that are within their scope, so are well placed to lead on the development
of NVQs to matchUniversities and collegearelikelyto needconsiderablesupport for
example, college lecturers could not teach fRetrofit Co-ordinator course: it would
require a training programme for trainers.

The specification currentlf SE LIS O & ¢ 0 dziia geaifedi(e.gf RIGS) diiFvdyaizA NB
to developthe retrofit desigrs. Given the complexities which are involved, particularly in
traditional buildings, there is concern that designers may be expected to work on

systems with which they are not familiar.

PAS Q35 is not necessaripimed at oneoff retrofit projects. Particularly in the owner
occupier sector, it is likely that retrofit activities will be implementaer an extended
period. This would tie in well with a Building Passport approach. Howevenyinedrofit
project and particularly in those over a longer timescabheré isconcern that the
retrofit co-ordinator is taking on an unsupportable amount of responsibility, and
therefore risk.

85 https://www.trustmark.org.uk/ourservices/pag035
86 https://www.gov.uk/government/news/qualityassurancet-heart-of-new-2-billion-greenhomes

grants
87 https://www.trustmark.org.uk/schemeprovider-certification-bodies
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Recommendation 10: PAS2035 and 2038 Training
Relevant orgarsations: Training colleges

Description:Investment should be prioritised to establish sufficient capacity of
competencybased qualifications (like NV€cussed on the roles required to
delivering the PA3035 (And forthcoming PAS 203§)ecificatiors.

5.2.2 Off-site retrofit

Energiesprong ian example of one approach to offsite retrofitigta 10% publicly
funded organization establishéd drive aretrofit solution that can deliver netero built
environment at scale with homes initially, and primarily retradithough it isworking
on newbuild projects as well.

This type of approach involves the removal of existing windows and doors and fitting the
property withfactory-built panelsand roofthat wrap the property aroundlrhese panels
have the external final finish, insulatiomiple-glazed windows and doors already

installed, along witla serviceanodule containing, for example,leat pump.This is

achieved througlt3D lagr measurements ofite property, gatheringnillions of data

points, which arepluggedinto a digitized productn line which produces an integrated
cassette panel. These adelivered to the site and installed @achproperty, either

hanging off brackets or standing on némotings around the property.

This approach combines the needsaaktrofit with the efficiencies of ofkite

construction techniques anpresents an example @ine ofthe approaclesnecessary to
achieve netzero in the UK. In the Netherlands, where theeigiesprong model is now
mature, it has become financially neutral, with all costs and finance being paid through
utility bill savings.

Interview respondents that specialise in offsite retra@ported particular skills
bottlenecks in the deployment of ik approachincluding:

1 architects with experience of designing for manufacturing assembly

1 surveyors familiar with creating the detailed data to go into a design and putting
the data in that design together in a factory to deliver a product that is
guaranteedn its performance and qualitylhis not only includes using new
technology such laser scanning type approaches to create the design, but also a
different set of surveyor skills in terms of more structural assessmeants will
the existing vall hold the external envelope;

1 installersand project managemertn site These typsof offsite approaches
require a different skillset from traditional construction as the process is more of
installation and connection, but across a broader range ofdsadt also leads to
quick installation times and requisskills around just in time delivery/
sequencing management and quality checking. At present these installers are
often trained to install a single manufacturers system, and that as demand
increasedor off-site installation skills there is a need for-site assembly
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accreditation and training to allow installers to demonstrate competency and
more easily move between manufacturers and their systeans;

1 technicians to monitoringperformance and opeting as a service, as part of an
integrated operation maintenance and lotgrm performance guarantee.

Case Study: Energiesprong

Energiesprong is a whole house refurbishment and new build standard and funding
approach. It delivers fully integrated refuibhment packages, supported by long term
performance guarantees and thus makes the solution commercially financeable an
scalable. The retrofit is nemtrusive and can usually be completed within one week,
without the resident needing to move out. Thesult is a warm, comfortable and
affordable home that is modern and attractive with a let@gm quality guarantee.

Energiesprongs usinghe social housing sector in the UK as the launching market fo
these solutions, with a view to later scale to thévate homeownemarket.88

Case Study:rd SKIN

2nd SKIN, developed by TU Delft and implemented by-s@BIK Bouw, is a lightweigh
Fl el RS GKIFG FO0a | a | o6 dearboRdonitBm existids O 2
buildings can be easilypgraded, meeting ecériendly building requirements and
significantly reducing energy consumption anc:€fissions. The concept includes
excellent insulation, a geothermal heat pump system to provide heating, cooling an
water, and photovoltaic panslto generate electricity.

The facade is installed at minimal disruption to the occupants, helps to create afforg
housing and strengthens local economic opportunities, opening up possibilities for |
workers and companies to install the technoldgy.

88 https://www.energiesprong.uk/about
89 https://www.climate-kic.org/successtories/2ndskin/
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Recommendation 11: Offsite Skills

Relevant organisationdJK Government and devolved administratiptecal
authorities

Description:Promotethe role of offsite approaches to deliver retroihdaddresshe
skillsrequirements

5.2.3 Traditional buildings

There is a severe lack of skills in tepairandmaintenance of traditional buildings
never mind the particular requirements of energy efficiency retrditie traditional
building specialiststerviewedprovided some examples of traditionailding specific
issues and the lack of skills to properly address theanekampletraditional buildings
primarily have vapouopen walls, where moisture enters a wall through soft brick or
stone and then evaporates ouisually through the lime mortgoints. The use of
cement mortars for repajror addition of insulationto those walls can lead to very
different performance andead toissues such as damp, if not properly desigaed
specified Sash windows are another feature of maraditional buildingsand again
require specialist skills to repair and maintain thdhwas stated thathroughout the
construction industry there has been a lack of training in the skills required to maintain
these older buildings/ith most people, tle focus of their training has been on new
construction and their base education needs to include all types of buildisysoted
elsewhere, however, training is currently demaledl, so this situation requires not only
development of the required trainingnd delivery, but also policy to drive demand for
traditional repair, maintenance and retrofit.

Resources such as the Understanding Conservation wébdéeeloped and maintained
by the Council on Training in Architectural ConservatilOTAQ)rovidesome
instruction in the former, while thevhole buildingretrofit approach as defined by the
Sustainable Traditional Buildings Alliag& BA¥2 not only focuses on improvements in
insulation, but also airtightness, thermal coherence of the whole buildhadl, its
services and occupant needsdditionally, he Home Countries Heritage bodigsistoric
England, Cadw and Historic Environment Scolaagte undertaken research and
produce comprehensive range of technical advice freely available for both thaseng
in the construction industry and building owné&ts%. To cover these other critical

90 http://www.understandingconservation.org/

91 https://www.cotac.global/

92 http://www.sdfoundation.org.uk/downloads/Whais-Whole-HouseRetrofitDec2016.pdf

93 https://historicengland.org.uk/advice/technicaldvice/energyefficiencyand-historic-buildings/

94 https://www.historicenvironment.scot/adviceand-support/your-property/savingenergyin-traditional-
buildings/
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factors and prevent unintended consequences will mean investing in additional training
for assessorand for allthe trades required for traditionaletrofit.

This training needto provide anunderstandng ofthe function of traditional buildings in
order to make recommendations for themand to implement these recommendatians
For examplethe Level 3 Award iknergy Efficiencgnd retrofit of tradtional (pre-1919
buildingsand Scottish Level 6 Award in Energy Efficiency Measures for Older and
Traditional Buildings are requirement of PAS 203mplementation in these buildings
(and is being recommended similarly for PAS 2088) at the very leasan energy
retrofit survey should be carried out by professional surveyors who have undertaken
that course.There are also, for examplesaching resourcg#® to introduce these
subjecs.

It isimportant to note that there is significant potential teduce carbon and improve
energy efficiency in traditional buildings. There are plenty of examples (e.g. see below)
and it is essential to achieve neero. Howeverit requires the development and
dissemination of relevant skills, and policy to genem@genand for the service.

Case Study Survey Protocol Development

TheSustainable Traditional Buildings Alliari&d BAjs undertaking a project funded by
BEIS working with Melin Homes, which is a social housing provider in South Wales
looking at the praticalities of whole house retrofit and as part of that project training
has been developed for surveyors to carry out whole house retrofit survey along wit
survey protocolln addition the Each Home Counts reviéwecommended
improvements to surveyng and there is a workstreanvhichis being managed under th
Retrofit Standards Task Group, (RSTG), to develop spretcols So there isvork
beingdonein this area, but has not yet been disseminatednadustry.

9 Understanding Traditional (pr&#919) and Historic Buildings for Construction and BuiltrEnmient
Courses. July 2019.
9 http://www.eachhomecounts.com/
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Recommendation 12: Traditional Buildings Training
Relevant organisationsTrainingstandards, angbroviders

Description:Greateremphasis should be placed on the training requirements for
traditional buildings both in mainstream construction education angskilling
Greater onsideration should be given to lessons learnt friowestigations in to
improved building survey techniquessessment tools and systems

53 New Build Modern Methods of Construction

The recent UK government report on Modern MethodsSohstructior?” identified that
respondents reported the following as being among the benefits of a move to these
techniques:

f more digital working which will appeal to young workers looking for a modern
career, using cutting edge technology;

{ factory-basedjobs in an indoor environment are safer, with less working at
height and workers are sheltered from the weather;

i factory-based workers are not required to relocate around the coynib
different building sites;

1 off-site methods of constructionsually require fewer workers with traditional
skills and potentially fewer workers overall in comparison to traditional
techniques and

i factories can be strategically placed in areas of the country with higher rates of
unemployment to provide local empjment opportunities.

The relative novelty of these approaches also means that designers and architects
familiar with the techniques are still rar&éhese techniques are either absent or not well
covered in curricula at present, yet there is a recognitramf the same report that
government houséuilding targets will not be met without them, and it appears likely
that the same is true for netero targetsBuildoffsiteis working with Oxford Brookes
University to develop a diploma focussing onsite desgn.

WRAP estimate that modular construction can redtieenergy used in the
construction process by 67% and waste produced onsite, R90P@ in comparison with
traditional construction method&® James Thomson from Keepmoat Homes thel

97 https://publications.parliament.uk/pa/cm201719/ceelect/cmcomloc/1831/183102.htm

98 Current Practices and Future Potential in Modern Methods of Construction, WRAP 2007.
http://www.wrap.org.uk/sites/files/wrap/Modern%20Methods%200f%20Construction%20
%20Summmary.pdf
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maintain social distancing, as wa$l all the other safety and efficiency gains. It is hoped

that this will provide additional impetus for a faster transition to the widespread

deployment of offsite techniques.MMC brings improvemas in efficiency, quality and

cost, with a shift to a static and moo®ntrolled working environment, whicimproves

the appeal of construction jobs amddens the demographic. Respondents agreed that

the increase in scale, pace and quality required kg tifansition to netzerowill not be

achieved without significant development of modern methods.

Survey respondents considered that-sffe construction, improved surveying
technology and improved wholkuilding postconstruction testing were the top thee
non-traditional methods that could help the transition to decarbonisation of the built
environment.

Recommendation 13: New-build MMC training
Relevant organisationsTrainingprovidersand trade associations

Description: Greaterconsideration should be given to the skills needs for modern
methods of construction

5.4 Quality of delivery is assured

The gap between design and operational performance in buildings has been described in
Section2.2.4 This section describes the recommendations suggested to clogafhe

Quiality iscritical if the netzero programme is going to be effectisad was raised by a
significant number of the respondentall the decarbonisation designs and programmes
in the world will achieve nothing if they do not woikhe performance gais usually
referred to in the context of nevbuild but, as regards the netero programmeit is of
course even more important in retrofisimply because retrofit itself is so much more
important. However, closing the performance gap in a retrofihtext ismore complex,

so there are useful lessons to be learned from the experience of trying to do so in new
build.

Recommendation$o close the gagluster around common themesvith overlap
between them

1) Competenceatthe individual andnstitutional leve]
2) Procurement and contractual requirements

99 http://data.parliament.uk/writtenevidence/committeeevidence.svc/evidencedocument/housing
communitiesandlocatgovernmentcommittee/modernmethodsof-construction/oral/98436.pdf
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3) Regulation and oversight

5.4.1 Competence

Respondents commented that there arels gapsight across the sectoiincluding
clients, designers, contractgnsistallers and building managersanyof whom lack the
expertiseto make sure buildings are procured, designed, constructed and operated to
avoid any gap between design and operatibperformanceA building once in
operationmay notperform due to poor quality of desigppor construction orpoor
operation.

Underlyingall these issues is competenaghich is built up by various routes, through
training, experiece, testing and continual professional development.

5.4.1.1 Licensing

In many other countries, operational licensing is manda®nand/or a formal system

of vocational education is in place, which builders must complete before they can work.
In the UKany person or company is legally allowed to undertake construction work
without having to demonstrate a minimum level of competendeisTmeans that our
construction industry is not as safe, professional or productive as it might otherwise be.

Many respondents suggested thaivould be beneficial to introduca system of
mandatory operational licensing, incorporating minimum qualifimagi and experience
demonstrated through examination, with regular checks to ensure skills are up to date.
However, hese respondents were more representative of industry bodiedmulti-
national businesses thamicro-businesses. The responses to the gyrwere more
balanced and thesesuggesteatontinuing professional development and membership of
a trade association asseful ways oénsuring required standards are maintained

Some trade bodies haspecific entry requirementbut do not require refresér

training or continual professional developmesbamending membership requirements
to include CPD might keehelp.Theae would also need to develop systems to allow
experienced builders who may not have any formal qualifications to demonstrate their
ability or the application of more stringent standards would have the perverse effect of
reducing the overall competence of tisector.

Inanswer to the questiof what would help ensure required standards are met to
deliver the decarbonisation of the bughnvironment, most survey respondergaid they
would like to see a minimum level of qualification for decarbonisation waohtinuous
updating of skills through reguked certification, and membership of a trade association.

1001 jcensing Domestic Contractors: An International Perspectivel &yydugust 2013, for BEIS.
https://www.pyetait.com/wp-content/uploads/2015/08/licensinglomesticcontractors.pdf
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Recommendation 14: Operational Licensing Regime
Relevant organisationdJK Governmentdevolved administrations

Description: Consideration should be given to the introductiohmandatory
operational licensing, incorporating minimum qualifications and experience,
demonstrated through examination

5.4.1.2 Organisational Competence

Anotherimportant aspect of the performance gap can bestdescribed with reference

to standard practice imther sectors Repeatedexamples opoor quality and bad
practicewould not betolerated in other industries in the same way that they appear to
be in the construction sectoilhis is related to issues around procurement (see Section
5.4.2, which does not alwayisclude snagging and operational performance in
contracts,and the bespoke nature of many construction projeathich is addressed by
off-site and platform construction techniques.

However, many construction firms do operate externakytified QualityManagement

SystemgQMS) so it is noapparentwhy constructiondoes notconform to the same

guality standards as other industeeResndents have suggested thahe aspect may

bethe structure of the industry inthe U,2 3 SG KSNJ g A 0K GKS O2dzy (i NE Q3
density:land developers and buildeese oftenthe same businessvith profit deriving

principally from the developmerfunction; asproperty is in such high demand in the UK

(and fuel costs are so low) there is little incentisespend more time and money on

constructirg high quality, low carbohomes®. Improvementsto procurement and
contractualstructures can helpo drivethis, butinstitutional competence isssentialto

deliver it.

The economic impact of th€ovid19 pandemicdoes present an gportunity for the
construction sectoto make use oEompetent manages and management systems
practitioners being made redundant by aviatj@automotive and relateéhdustries,
wherethe use of these systems is commonplace

101 Independent Review of Build Out: Fifkeport. Rt. Hon. Sir Oliver Letwin MP. October 2018.
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Recommendation 15: Quality Management

Relevant organisationsAll businesses engagedbunilding, and the procurement of
buildings and building services

Description: Greater emphasis should be given in procurement and delivery to gu
management systems, continual improvement and competence at organisationa
level.

54.2 Procurement

The process of procuring building services, whether-bewd or retrofit, isalso seen as
an area with potential for improvemenn both side: buyer and selleiStandard
contract conditions can be set, specifying quality or performance standatdsse an
include requirements for qualification and experiencenafrkers on site, opportunities
to develop local apprenticeships, astipulations for maximum embodied carbon of
components.

Minimum standards to be achieved in pagimpletion testingare alreadyincluded in
contracts Subject to caveats regardingcupancy anéacilities management
competerce (or householder behaviourjhere is potential for these to be extended to
include operationaperformance

dvalue engineeringreduces capital costs bean increaseostsover the buildings

lifetime, socompetence in designing camlicts to take this into account is critical.
Collaboration and communication between client, designer and buildessential but
there are plenty of examples sfich collabmtive structures being developday

impartial third parties.There is also an opportunity here to access the vast quantities of
investment looking for good quality green projects, through linldolgemes such as the
Climate Bonds Initiative tevell-managel, lowrisk greerbuilding projects.

To addresshis, severalrespondents saw a particular need fdrent-relatedtraining in
how to procure specify and ensure delivery foir example low-carbonand off-site
manufactured liildings.

Recommendation 16: Procurement support
Relevant organisationsBuilding Procurers

Description: Thereis a need to ensure that organisations and individuals who are
responsible for procurement ensure that they understand the technologies and
solutions available to thenotachieve netzero. Consideration should be given to th
development or adaptation of training courstsat are focused orachieving netzero
and on ensuring quality control throughout build projects

5.4.3 Formal establishment of oversight role (e.g. Clerk of Works)

A number of interviewees noted that for a new build site, the Clerk of Works is a position
that helps to ensure the quality is rightst time. This is a role that has been eroded over
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recent decadesbut it was felt that here is a needdr it, over and above the retrofit co
ordinator role.While it is the responsibility ofeeh tradesperson to do their own quality
assurancet the moment, the Clerk of Works role (competently executedg¢sponsible
for overall quality, and for the interface between trad@see Sectiob.1.4.]).

A clerkof works oversees the quality and safety of work on a construction site, making
sure that building plans and specifications are being followed correctly. Duties include
performing regular inspections of the work on site and comparing completed work with
drawings and specificationBollowing the Grenfell disaster, thereagproposal to

introduce a newole of Independent Quality Assessor, which would be an extension of

the Clerk of Works role.

One interviewee also discussed the need for returning to geaysvith Local Authority
Building Control officetghat would provide quality assurance on works being
undertaken, particularly if they were physical fabric works.

It was clear thathese types of rolesvere about checking to make sure that the
contractoris actually implementing quality control processes and evidencing that the
work has been done properly, rather than being responsible for quality control
themselves. With the option of making their own independent checks if they want to or
if they feel the need to.

The existing Construction Site Supervisor Level 4 and Construction Site Manager Level 6
roles have recently undergone development of a new Retrofit PathRagently

competed within the CITB Standards development team, it is currently goinguih

the processes of the regulator, credit and levelling before being made available to the
Awarding Bodies.

Recommendation 17: Oversight
Relevant organisationslUK Government and devolved administrations

Description: Consideratiorshould be given to the requirement for a Clerk of Works
role to be formally established for complex building work.

544 International models

As discussed in Sectifnthe United Kingdons aworld leader in effortdo decarbonig
its economy, including the construction sector dandlt environment.However, ths
statement should not be interpreted as indiing thatour efforts aresufficient, o
exemplarymerely that there are fevsources of inspiration where other countribave
already achieved more.
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Thereport!®?commissioned by BIS in 2Q18oks atl12internationalschemes for
licensing contractors ahmaintaining standards building trades, coveringchemes
from Australia, Europe and the United Statexl characterising the key characteristics
of each.However,it is not able tareach any conclusion on whether such schemes are
beneficial.Other countries (Germany is often cited) have what are considered to be
better vocational training and apprenticeship systems. This is relatétetbigher
esteem in which construction (and rééal) jobs are held in these countries, but it is not
clear which is cause and which effect, or whether such a distinction makes sense.

Northern European countries are heldhave made greater progress with the technical
aspects of loncarbon newbuild andretrofit, and the development of thesaspects has

in turn led to proliferation of the skills required. It seems likely that the UK can follow a
similar path, where improvedew-build standards angolicy to stimulate lowcarbon
retrofit lead to increasediemandfor the skills required to deliver them.

Recommendation 18:Review of International Models
Relevant organisationslUK Government and devolved administrations

Description: Consideratiorshould be given to eeview of international model&r
schenes for licensing contractors and maintaining standards in building trades

55 Create the demand for skills to deliver net zero

55.1 Establish a policy framework that creates demand

The scope of this study is focused on the implications for skills and trainihg nét

zero commitment. The policy required to achieve-aeto is out of scope: it is assumed
that policy will be developed which will lead to the actions required to achieve it. For the
purposes of this report, it is assumed that the policy developéidr@sult in the CCC net
zero scenario being implemented, and the requirements for skills and training
development recommended result from this assumption. If the policy, and the resulting
demand, are different, the skills requirements will also change.

At every stage of the project, this focus has been emphasised to respondents but the
vast majority were insistent that the policy detail was material, and they tended to hold
strong views about what they would recommend to achieverab. This section
therefore seeks to set out these views in context, and to explain their implications for
skills development.

102 hitps://www.pyetait.com/wp-content/uploads/2015/08/licensinglomesticcontractors.pdf
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5.5.1.1 Provide clarity on decarbonisation pathway

The built environment is complex and there are various possibleeet pathways (e.g.
different deployment rates of retrofit energy efficiency, heat pumps, hydrogen etc.), that
can be deployed. As explored in this report, each of these pathways will have different
implications for skill requirements.

The most consistent theme which came out of aél thsearch and interviews is the
importance of consistent and effective policy to drive demand for low carbon
technologiesThis has also been a key finding of other research into related aspects of
the netzero transitionIn plain terms, the absence of policy direction on how our

buildings will be heated and insulated will result in a delay in businesses investing in skills
and training needed to achieve neero. Accordingly, lonrterm visibility allowing

businesses to ph and invest is required.

This principle has been emphasised in other recent pieces of research: there is
widespread agreement among respondents to this and other research projects that what
is required is a more handm, directed form of government threhas become the norm.

Recommendation 19: Decarbonisation Pathway
Relevant organisationdJK Government and devolved administrations

Description:Clarity should be provided at the earliest opportunity of the
decarbonisation pathway selected, in detatiSwill enable businesses to g&mg-
term visibilityof the technologies, skills and training needeadlowing themto plan
and investasrequired.

55.1.2 Tenure

As discussed in Secti@rl.], two thirds of operational emissions come from residential
properties and two thirds of those properties are owrmacupied. Commercial buildings
account for 27% of emissions, with 45% owpnecupied. As around 95% of operational
emissions come from existing buildings, this means that almost exactly half of all current
operational emissions come from existing owsz&cupied properties.

The energy efficiency of publiebyvned buildings can be improved through the
development and imlgmentation of direct policy requirements. Rented accommodation
and commercial space can similarly be subject to minimum energy efficiency (or
greenhouse gas emission) requirements, but there is currently no policy to address this
half of the problem by rguiring or incentivising improvements in owreccupied

property.
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The recently announced Green Homes Grant initiffxeill pay twothirds of the cost

of energy efficiency improvements up to a maximum of £5,000 in England, between
September 2020 and Manc2021, with an estimated annual cost saving through reduced
energy bills of £2064, giving a payback of 12.5 years on the balance (8% R)is
illustrative of the difficulty in developing policy to encourage effective retrofit. Although
the rate of moving house in the UK has fall€tto 23 years, so most owners will feel the
benefit themselves, in simple economic payback terms, retrofit is notefsttive. It is
also not sufficient to require upgrades as part of the buying and selling processy#urn
of privately owned housing is not fast enough.

On 30th Sept 2020 (after submission of the first draft of this report), the UK Government
launched its funding scheme to help retrofit publicigntrolled building¥®. Around

£1bn will be channelled intboosting the energy efficiency of public buildings, including
schools and hospitals through a Public Sector Decarbonisation Fund. This will help an
array of public sector organisations in England, including central government
departments, agencies, localithorities, schools and NHS Trusts, to install energy
efficiency and low carbon heating measures, reducing energy bills and carbon emissions.
An extra £50m will fund social housing through a demonstrator project for the Social
Housing Decarbonisation kRt (SHDF). This WKde demonstrator scheme will see

grants supplied to upgrade the energy efficiency of over 2,000 of the vp@rébrming

social homes.

While of course welcome, achieving redro requires consistent policy direction on a far
larger scale than these interventions, however they can be useful irskacking
development of the skills required. Survey respondents gave a clear indication that
government (along with trade associations) should take the lead in addressing potential
skills gaps related to decarbonisation of the built environment. There is an opportunity
for the improvement of publicly controlled buildings be used to develop the national
net-zero capability that will be required to decarbonise owwecupied building. Such

an approach could lead to the gathering of data and information of the skills required to
undertake such activity.

103

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/906544/ghgadditionatinformation.pdf

104 https://www.homebuilding.co.uk/advice/greefomesgrantwhat-is-it

105https://www.zoopla.co.uk/discover/propertynews/how-often-do-we-move-house
in-britain/

10650cial Housing Decarbonisation Fund Demonstrator
https://www.gov.uk/government/publications/sociahousingdecarbonisatiorfund-
demonstrato
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Recommendation 20: Energy efficiency measures within publicly
controlled buildings

Relevant organisations?ublic bodies

Description:Energy efficiency measures should be immediately prioritised within

publicly controlled buildings. The installation of such measures is expected to lea
exemplar projects being developed. These can be evaluated to understand the s
andtraining needs. Such data can then be used in subsequent policy developme

5.5.1.3 Rented property

In 2016, The Energy Efficiency (Private Rented Property)(England and Wales) Regulations
2015 established the new Minimum Energy Efficiency Standards (MEES) in the

residential and commercial private rented secfsmilar regulations in Scotland have

been delayed by the coronavirus pandemkom 1st April 2018, phase one of the
Regulations made itnlawful to let properties with an Energy Performance Certificate

(EPC) rating below an 'E' ratjrgpbject to a spending cap of £3,500 (including VAT) for
domestic rental

While there are recognised limitations to the EPC system (see App&ridd and a
minimum rating of E will not deliver neero, MEES establishes a precedent that

minimum efficiency standards are required, and (within limits) landlords are expected to
meet the cost.This precedent could be extended by graduediguiring an increase in
minimum standards. A lortgrm programme with clear visibility would allow property
owners to plan ahead, minimising shocks to property values. This approach would link to
the development of longerm retrofit design programmes tbugh the PAS 203nd
2038standards, allowing government to control the rate at which retrofit design and
implementation is deployed, and thus the capacity of training required.

LG Aa y204SR GKIF G K Sthe Eddrgy Ped@ryadicezbiivdtelyA 2y & L Y LIN
Rented Homes in Englandand W&lés ¢ | &4 € | dzzOKSR F2fft2¢6Ay3 (GKS
first draft of this report. This consultation seeks views on how the energy efficiency of

GKS LINAGIFGS NBYGSR aSO02N) Ol y 0 SargktdflaNE SR (i 2
such properties achieving Band C by 2030 (while recognising that the proposals

suggested in the consultation will not do so, but might be strengthened in future to

catch up).

107

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/932402/prsconsultationoctober-2020.pdf
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Recommendation 21: Reform of MEES
Relevant organisationdJK Govenment and devolved administrations

Description:MEES should be expanded and aligned with the achievement afenet
Such an approach would give long term certainty on the demand for energy effici
measures and provide an incentive for training.

5.5.1.4 Owner-occupied buildings

The consensus among stakeholders is that the cost of retrofit should be considered in
the context of the value of the property, rather than the income of the occupanmith

the caveat that there arareas where house prices alone a@ sufficient to support

this approach The studies discussed in Sectibh.3.2demonstrate that the cost of
achieving neizero through energy efficiency improventsrcould be in the order of tens

of thousands of pounds per household (and of course significantly more in a commercial
context). This is beyond the means of most, if it has to come out of income, but as a
proportion of the value of a property, it is mopalatable, and if fairly applied across all
property owners, even more So.

The building passport approach starts with a detailed survey, which is used to design a
retrofit programme in a logical sequence, avoiding unnecessary costs caused by having
to un-do one stage to begin the next. This would typically be undertaken through the
PAS 2035 (or 2038, as appropriate) framework, by appropriately qualified retrofit
designers. The programnalows owners to plan ahead, and allows potential purchasers
to see whawork has been done, and what remains.

Building passports allow government to require, for example, that every building has a
retrofit design survey, resulting in a costed plan for improvements which will bring the
building up to a specified standard in a specified time period. Prospectivagaers will

have a clear understanding of future cost requirements, which they will effectively
deduct from the value of the property. Owners will then be able to borrow to implement
improvements using the security of the property, since the value wiltase as a result.
One interview respondent saw these as being potentially very beneficial especially
where it would be an online passport, where it was possible to see how any building was
performing.

A comprehensive review of building passport schemgdace worldwide has recently

been completed for Greater London Authofft§; who were kind enough to share a pre
release copylt is also fundamental to the Wel€bptimised Retrofit Programme,
Syadz2NAy3a (KIFG SI OK dedghgisRimpeménted a8 dddignati a SR

108Building Renovation Passports: A review into how they can help put existing buildings
on track to Net Zero Carbodulie Godefroy Sustainability and Etude, unpublished.
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without necessarily having to be implemented in one lgolemonstrates the power of
this approach in addressing hard to reach emissions &gisting, ownetoccupied
properties. If this approach were to become mandatory, the development of financial
instruments and economies of scale would likely follow.

The building passport approach not only facilitates the financing and management of
retrofit projects, it also presents an opportunity for the details of all work required to
complete retrofit programmes for every existing building to be logged and analysed,
providing unprecedented accuracy in terms of planning for what skills are needed, and
when. From a skills perspective, such a resource would allow training and recruitment to
be planned reliably; it would also provide dataich could be used to forecast the rate

of decarbonisation, which would be useful for tracking progress and planning any
additional interventions that may be required.

Recommendation 22: Focus on owner-occupied properties
Relevant organisationdJK Government and devolved administrations

Description:Owneroccupied properties should be subject to minimum energy
efficieng (or greenhouse gas emission) requirements. This is expected to enable
significant investment in skills and grow the energy efficiency market.

Recommendation 23: Building Passports
Relevant organisationdJK Government, devolved administrations, GLAS L

Description:Building passports should be required for buildings in the UK. These
should outline out the needs of each building to achievezeb. As such they could
provide a clearer indication of the labour and skills requirements to achievearet
and be used as a to@r future planning.

55.15 Valuation

Government could simply require the public sector to decarbonise built assets, but as
with the private sector, this would lead to budgetary difficulties. It has been noted by
respondents that theublic sector asset valuation model currently limits assessments to
60% of market valudimitingi KS LJdzof A O aSOG2NXN&a zero A f Al @
measures)and that revising this model could release sufficient equity to complete the
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modifications equired to achieve netero, and other¥®have considered different
approaches to financing national retrofit.

It is widely held that the best approach to ramping up decarbonisation of the built
environment is to start with the public sector, where Goveemhhas more direct

control. However, the cost of finance to improve publicly owned or controlled buildings
will be considerableReleasing additional equity and leveraging private finance could
remove this constraint, allowing government to control thecpaof retrofit and to prime
the market in anticipation of decarbonisation of privately owned properties. This would
facilitate development of a reliable woidtream to encourage investment in training and
would allow the management procedures and otherhriues to be developed prior to
their deployment across the private sector.

Recommendation 24: Reform public sector asset valuation model
Relevant organisationdJK Government and devolved administrations

Description:Public sector assetaluation model currently limits assessments to 609
of market value Revising this model could release sufficient equity to complete the
modifications required to achieve neero.

55.1.6 ECO reform

Refurbishment programmes for public and private sector resisl@né currently funded
through the Energy Company Obligation (ECO), subject to eligibility requireffetts
has been observed that the way this obligation is currently managed0356 of funding
never makes it to houses, and that management directlydmal Authorities would be
more efficient.Reform of ECO could provide the funds required to allogal
Authorities to invest in the skilled surveyors, retrofit designers and Clerks of Works
required to deliver the public sector retrofit programme.

109 Business models for residential retrofit in the UK: a critical assessment of five key
archetypes. Brown DEnergy Efficiency (2018) 11:149517.
https://link.springer.com/content/pdf/10.1007/s12058189629-5.pdf

1Ohttps://www.ofgem.gov.uk/environmentaprogrammes/eco/supporHmproving
your-home
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Recommendation 25: Reform ECO
Relevant organisationdJK Governmenand cevolvedadministrations

Description:Consideration should be given to reforms to ECO so to ensure that a
greater proportion of the funding is directed towards buildingkis will enable
greater investment in skills; boosting the re¢ro workforce.

55.2 New-build

In terms of the operational emissions that are the concern of this study;metld is a

small and (in principle) easily managed part of the problem. There are no technical or

financial barriers to implementing netero newbuild standards, yet attempts to do so

have been repeatedly thwartedK S D2 GSNY YSy G Qa f Szabft O2YYAUIYS
emissions may mean that subsequent attempts are more succe3skileality othe

legal obligation to achievenet-zeroemissiongs that anyshortfallfrom zero carbonn

new-build standardswill have to be made up later, and it is fareaper, easieandless

disruptiveto build right first time, than to go back latand retrofit.

As operatimal energy efficiency is improved across the built environment as a whole,
the embodied emissions associated with materials, logistics and construction activities
will become more important, and these must be considered in anyzeed pathway,

but the opeational emissions of newsuild are small and manageable. Passivhaus is one
example of how new builtbw energy, design standasctan be delivered in practice.

Over 65,000 buildings have been designed, built and tested to this standard
worldwide!1?,

Case Study: Passivhaus Plusark Rise

Passivhaus buildings provide a high level of occupant comfort while using very lit
energy for heating and cooling. They are built with meticulous attention to detail &
rigorous design and construction accordiogorinciples developed by the Passivhau
Institute in Germany, and can be certified through an exacting quality assurance
processt?

Passivhaus Plus was introduced aew certification category that recognises the
production of onsite renewable energy Ipassive buildings.ark Rise, finished in
October 2015, was the first completed Passivhaus Plus scheme in the UK. This
pioneering, ultralow-energy, alelectric contemporary home incorporated a large
photovoltaic (PV) array and a powerful battery, makinone of the most advanced,
high-performance homes in England at the time. Two years of monitoring showed

111 https://www.passivhaustrust.org.uk/

112 https://www.passivhaustrust.org.uk/
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the scheme generated more than twice as much energy as it consumes in a year
exports to the National Grid around 10 times the energy thahports each yeat3,

5.5.2.1 Regulation

Section2.2.1describes the current situation in the UK regarding the proposed updates
to Part L and Part F of the Building Regates. Respondents noted that the standards
are based on energy efficiency ratttan greenhouse gas emissions, and that they are
not of themselves sophisticated enough to drive decarbonisation.

The Future Homes Standard will be implemented through Parid Part F, so through
the Standard Assessment Procedure (SAP). This can lead to least first cost solutions
which are not optimal in operation. For example, one comment:was

GoSQftf 2dzald FTALH04EI ySt KSFGSNBR | YR

Such an approach might technically iiuifie requirements of the standard, and would
do so at minimal cost to the developer, but it would not help much to achieve eet:

PV generates electricity during the day, and predominantly in the summer, when
demand is low, whereas panel heaters areimefficient way of delivering heat when it is
needed, typically at night and in the winter. This would result in a mismatch of supply
and demand, which is not picked up by SAP.

The current proposals include a maximum design flow temperature & ,5%0 hat new
homes are ready for heat pumps or low temperature heat networks. This flow
temperature will not allow these technologies to work as efficiently as they can, but it is
within reach of recent designs. However, there is currently no requirement toefgte
low-carbon heating technologies, so developers can still (more cheaply) fit gas boilers
with a flow temperature of 5%C, at least until the installation of gas boilers in Hewld

is banned (under current proposals) in 2025. Gas boilers can medilait output

without loss of efficiency, so little consideration of design is required when they are
specified; replacing them with heat pumps will require greater design effort.

There is a widely held view that improvements are required to closeénmrmance
gap between design and operational emissions. This is desdribradre detail in
Section2.2.4

113 https://www.cibsejournal.com/casestudies/casestudy-lark-rise-the-uksfirst-
passivhaugplus/
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Recommendation 26: Future Homes Standards and net-zero
Relevant organisationdJK Government andevolvedadministrations

Description:Consideration should be given to how the Future Homes Standards ¢
be improved to ensure that netero can be facilitated from the outset.

5.5.2.2 Planning

Decarbonising nevbuild is about more than just the design of individual buildings.
Planners should hawdear sustainability commitments in the planning requirements

(and these need to be consistent between authorities). These then need to feed into the
design (potentially via a climate changeamrdinator role) and then this needs to feed
down to the sitemanager (who does not currently require any qualifications).

The recently released Planning white papéincludes reference to the Future Homes
Standard and future improvements to it. These concepts should be included within local
plans, where they canebintegrated with other aspects of the Planning process, such as
transport, waste and public health.

Recommendation 27: Local plans and net-zero
Relevant organisations?lanning Authorities

Description:Integrate netzero requirements across thaevelopment and
implementation of local plans.

5.6 Route map

A route map for skills development has been developed, based on the model outputs,
and incorporating information from the interviews, survey, literature review, and other
sources used to inform thigsearch. This sets out the critical steps required to develop
the skills and training needed to delivitie example decarbonisation scenario. As
throughout the report, it is assumed that policy is developed to generate the demand for
these skills.

It may be worth reiterating that this demand does not currently exist; as discussed in
Section2.1, decarbonisation of the built environment will requireanges to the policy,
funding and training landscape that are unprecedented. This route map does not
address how this will be achieved, only how to ensure that the workforce is available
when it is achieveddowever, the project has gathered informatiomifn a wide range of

114Planning for the Future: White Paper August 2020, MHCLG.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/907647/MHCL&lanningConsultation.pdf
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highly experienced respondents represative of the UK construction sector, and most
were keen to point out gaps or suggexdlicy solutions. So as not to lose this
information, it is presented in Sectid5.1 Policy development is included as a part of
the route map, but the detailsfdow this might be delivered are outside the scope of
this project.

The route map summary presentedantions s based on a condensed summary of the
more detailed version in Appendix2.2 For each of the skills and training interventions
identified, it highlghts the constraints on delivery, based on number of workers required
with particular skills derived from output from the model running the example scenario,
together with data from other sources used in the research. The implications for training
intervertions are discussed in the sections below.

The route map format is based on a calendar, rather th8owa-chart or other
sequential graphicas it is better suited to the programme requiréichere is no longer
time to build up the netzero skillprogramme stegoy-step; rather there are several
identified gaps, all of which need filling immediatedpme are withirour current
capability, others require some effort amtme are critically constrained, requiriag
very high level of intervention, aoon as possible. This is illustrated by ted-amber
green coding ifrigureb. 1.

Further discussion of the main themes contained in the route maetisut in the
sections below.
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Figure 5.1: Skills and training actions

Moderately constrained, requiring significant effort and
investment.

Indicative timeline
Cross Cutting: Consultation to establish responsibilities witl
route map

Cross Cutting: Appeal

Cross Cutting: Embedding Decarbonisation into all Built
Environment NVQs

Cross Cutting: Embedding Operational Performance Gap in|
all Built Environment NVQs
Hydrogen Changeover

Retrofit Building Surveyors (Increasing Numbers)

Retrofit Assessors (PAS2035) Training for Existing Building
Surveyors (Links to Building Passports)

Retrofit Traditional (Pre 1919) Assessors Training for Existi
Building Surveyors (links to Building Passports)

MMC Retrofit: Surveyors Training Where MMC Retrofit to bg
Installed (links to Building Passports)
Retrofit Designers (Increasing Numbers)

MMC Retrofit: Designers

Retrofit Co-ordinator (PAS2035) (Including Operational
Performance Gap)

Retrofit (Fabric First) Installers - Insulation, Airtightness, and
Glazing Installers/ Technicians (Including Detailing/

aal WSUNRFAG ¢ LyadlftftSNEK

Heat Pump Changeover

Onsite PV, Solar Thermal and Energy Management Syste

Heat Networks: Project Developers

Heat Networks: Project Designers

Heat Networks: Commissioning Base

Clerk of works (Including Performance Gap)

New Build: Planning

New Build: Future Homes Standard Type Assessors

Policy

Support for Modern Methods of Construction

Performance Gap

56.1 Curriculum

Education andrtining is currently focussed on ndwild, using traditional ossite
techniques with little emphasis on lovcarbon systemsThe netzero scenario requires a
focus on retrofit modern methods of constructioffor both newbuild and retrofit) and
integration of lowcarbon thinking across the board.

Specific lowcarbon training is requiredcrossall roles, with emphasis on systems design
and implementation, on intetrade issues andn competence and qualityl.his includes
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every part of the construction supply chain, through planners, architects, engineers,
construction workers, supervisors and atads, to occupiers.

Additionally, there are critical gaps in the current curriculum, either in content,
emphasispr both. As discussed above, there is a critical shortage of retrofit designers
and coeordinators, but there is also too little emphasis retrofit acrossall training, and

on the importance of quality, lowarbon interventions. This reflects currgmiorities,

but the policy being developed will lead very quickly to a major increase in demand for
skilled retrofit workers in every disciplinghich the current curriculum arrangements

are not capable of delivering.

For both retrofit and newbuild, modern methods of constructionill be critical. The
improvements in quality, performance, efficiency and working conditions resulting from
these methods are necessamjowever, these methods are not covered by the
curriculum at the momentContent andjualifications covering these msbdsmust be
developed rapidly, so that they are availablemeet the rapid increase in demand. In
decarbonisation terms, it is particularly important thatining is developed to increase
the deployment of MMC in energgfficiency retrofit. This is cuently happening at a

very low level in the UK (principally represented by the Energiesprong progranire)
pace and scale of decarbonisation required to achievezeet, and the importance of
retrofit to achieve this, mean thahese methods will be ofrtical importance.

Thevariousindustry bodiesnvolved in the development of course content and
curriculum requirements should be consulting with urgencgpportion responsibility
and todevelop these materialdt is suggested that working group i®stablished across
these bodies to cordinate this and drive progress.

1 Agree responsibility for development of revisaad improvedcourse content
and new courses required to achieve fzetro;
1 Implement course development upgrades across the board, betiipally
including:
0 General lowcarbon systems training;
o Retrofit(including nordomestic and traditional buildings);
0 Modern Methods of Construction (including ndwild domestic and non
domestic, and retrofit);

5.6.2 Building envelope

The example scenariolmsed on the premise of tackling energy efficiency first, before
addressinglecarbonised heating at scal€his approach makes sense, as the design
specification foheating systemslepends on the energy requirements of the building,
which in turn dependsn its energy efficiency. Failure to address energy efficiency first
results in an incorrectly specified heating system, which is more of a problem with
modern heating systems than it was with traditional gas boilers; it would most likely
result in inadeqgate heating until the energy efficiency work is done, and/or inefficient
heating afterwards.
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However, focussing on energy efficiency first is also not without its difficulties. To ensure
that energy efficiency upgrades are carried out effectively antt mitnimum cost and
disruption, wholebuildingapproach todesign is required (the approach taken by PAS
2030). This approach ensures that interventions are optimised, and that damage and
rework are minimised. While this approach is far better than the gneeal application

of individual interventions, there is currently a critical lack of retrofit designers qualified
to develop these programmes. Competent retrofit designers require not only training

but also experience, and in the case of retrofit desigmsibn-domestic and traditional
buildings, the skills gap is even greater.

PAS 203 and 2038equire that buildings must be in a good state of repair before
undergoing a retrofit programme. There is a critical skills gap in repair skills for
traditional buildings, but generally repair skills are among the less critically constrained;
the issue heg is the sheer numbers required: these are not skills that are typically
included in formal training, they are normally picked up througktloejob training and
apprenticeships.

A strict adherence to the energy efficiency first approach generatesrang bottleneck
which willneed to be addressed if it is not tave the effect of slowing down the overall
decarbonisation programme. However, there are certain interventions which can be
made without fear of interfering with any subsequent retrofit desi@uch neregret
interventions include those not directly related to building envelope energy efficiency,
such as smart systems and-site generation, but also some energy efficiency
interventions, such as cavity wall and loft insulation; the former beiloge commonly
applicable in nordomestic, and the latter in domestic projects. Many of these
interventions also require relatively little training, so the additional workers required to
increase their rate of deployment can be skilled up quickly, whilgdeterm training of
retrofit designers is in progress. This will help to start the process of decarbonising
quicker, but the retrofit bottleneck is still critical to achieving 1zero emissions across
the built environment, and it is therefore of criitimportance that it be addressed as a
priority.

1 Need to continueacceleration of training inetrofit design roles, which require
experience and take time to train, with particular gaps inlmmestic and
traditional buildings;

1 Some neregrets intervenions can be expedited while retrofit designer numbers
increase;

1 Focus on increasing numbersgpfecialist building envelope installer roles.

5.6.3 Energy

Thelist of options for primary energy deliverg quite short Affordable, lowcarbon

hydrogen may be developed, bittis unlikely that this will have a significant impact in

the next ten yearsin skills terms, should the pace of development of hydrogen

F OO0OSt SN 1S GKSNB Aa Sy 2 dzatélationsédor@oicdpe, A Y
with modest retraining requirements. What should be of more concern is how these
installers can be rrained in the event that demand for their skills drops rapidiiyhis
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is the case, there will likely be opportunities fasginstallers to rérain as heat pump
installers

The rate of development of heat networks can be increased, but these require
integrated planningat a large scaleand greater consideration is required of what their
primary energy input is, andhat it will be. The skills needed for heat network
deployment require development. At present, there are skills shortages across all
disciplines required, and the pace of deployment is set to increase in the example
scenario.Thedetailed requirements for additicad jobs(on the basis of the example
decarbonisation scenari@ye set out in themodel and summarised in Sectidr?, and
are also considered in thdeat Network SKs Review'.

There is a role for osite renewablesstorage and smart systems, but these technologies
can only help, they cannot deliver tlaenount of energy requiredll the time.

This leaves heat pumps as thencipal lowcarbon heating systemwhich is ready for
deployment now.Training capacity for converting to heat pump installati®ikely to

be sufficient, withperhapssome additional development depending on the exact pace,
and nature of the changeover.

The onsite renewables and heat pup sectors have sufferegcentlyfrom boom and

bust support which has resulted in significant losses and redundancidasjsmnportant
that whatever support or policy is developed mustibglemented for the long termor
there maybereluctance to egage among those best placed to da Borecent research
undertaken by Eunomia for BEIBe heat pump industry reported a reluctance to invest,
due toinconsistent and shosterm policy.The UK feedhn tariff was estimated to have
beenresponsible for the development of around 15,000 jBBbut the market
collapsed!’when support was withdrawnThis resulted imnestimated contraction of
around94% in the solar industryand in every small and medium wind turbine
manufacturergoing outof business

Thethree mainlow-carbonprimary energy systems apmmpetitive with each other,
which may requirenterventionto resolve:if hydrogenis deployed through the gas
network, (assuming the price and carbon intensity aggeeable)t would requre very
little additional infrastructure, sit would be cheapethan the alternativesas a dropin
replacement fomaturalgas outcompeting heat networks and heat pumps. Where heat
networks are planned, deployment of individual heat purmgducesprojectviability by
reducing the number of properties connecting to the heat network systéen capital
outlay for the system remains the same but tineome is reducedt may therefore be

115 Heat Network Skills Review. BEIS research report no. 2020/020.

118 perfamance and Impact of the Fedd Tariff Scheme: Review of Evidenb&CC, 2015.
117 Monthly feedin tariff commissioned installation©ffice for National Statistics.

Building Skills for Net-Zero 93



advantageous to develop zones in wha#ployment of ealk technology is promoted, to
minimise internal competition.

1 Supportheat pump training particularly with respect to wholsystem
performance andjuality of installations

f  Promote heat pump deployment, particularly in areas whieng-carbonheat
networks and hydrogen deployment are less likely to be competitive

1 Promote heat network development and training, ensuring that primary heat
sources are lovzarbon;

1 If low-carbon, affordable hydrogen deployment becomes competjtredrain
existing gas installets retrofit hydrogenready boilers.

From an integrated energy systems perspective, it should be notedstigilying heat
through a combination ofenewable electricity generation and heat pumpsilier

directly or through heat networks} at least fiveimes'*®as efficient as using renewable
energy to generate hydrogemhen burning this hydrogen to generate heat.

5.6.4 Smart systems

This category includes a wide range of technologies, Bolar photovoltaics and
thermal systems, through battery and thermal storagesitoart thermostats, and 16T
connected systems. Some of these are effectively-plugiplay, requiring no specialist
skills, while others require detailed knowledgetloé inter-relationship of several
distinct systemsCurrently, these technologies tend to be considered as a stémke
add-on, typically installed by eadgidopters and technology enthusiasts. For them to
play the role eeded tocontribute to thenet-zero emissioascenariq these
technologies need to be integrated intbe whole-system design required for retrofit
under PAS 2030, and in ndwild installations from the outset.

As discussed, an increase in the number of PAS 2030 retrofit designers is antitails
essential that the curriculum for these designers inclusiesrt systemsparticularly as
these systems, and as opportunities develop for integrating them within and between
buildings For newbuild, mechanical and electrical design engineers \e#ichto be
familiar with the operation of these systems and their integration into the overall
operational design of building$his will requiraupdating course content for these
disciplines, and the development of intdisciplinary apprenticeshigsr systems
installers.

There is also actk of skills in building management, particularlyhi@ non-domestic
context. This is anticipated to become increasingly important as building management
systems become increasingly complex and sophisticated

118 jiebreich: Separating Hype from Hydrogegart Two: The Demand Sid&loomberg NEF, Odter
2020.
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1 Promote deloyment of smart metering and BEMS (particularly in a-non
domestic context) to target efficiency improvements and modulate demand in
periods of high grid carbon intensity;

1 Exploit ptential for smart systems to mitigaigrid upgrade costdacilitate
greder deployment of renewableand electric vehicles

5.6.5 New-build

Compared to theneed to decarbonise existing buildings through retrahg reduction
of emissions required from neduild is small, and much easier to addrefes example
through upgrades t&lanningrequirementsandstandards applied througBuilding
Control Howeverthere is still a need famprovementsto course contentparticularly
with regard to integration of systermend lowcarbon designThere is ao a requirement
for standards to be implemented and enforced with greater rigdar example through
the development of specialist rolesich as building performance champjada oversee
critical work, testing and training, and a specific insulation toladdress quality,
thermal bridging etc

1 Implementchanges to procurement (e.gost-completion testing operational
performance standardgp ensure newbuild achievestatutory standards

5.6.6 Performance gap

Improvements are required across the whole Hing services procurement procegse

close the gap between design and operational performance. This includes development
of improved contractual structures including pestmpletion testing and operational
performance requirements, minimum trainimgquirements including lowcarbon

systems for all construction workerand updated training requirements across all skills.

It is likely that some form dftructural improvement irtonstruction sectoskills will be
required, whether througle.g.mandatoryregistration or demonstration of
organisational competence through externally certified management systéhes
unprecedented surge ioonstruction work required to achieve neero, particularly in
retrofit, must bedelivered with higler quality than iscurrently prevalent or it will not be
effective the current performance gap alonedgaough to make theet-zero goal
unattainable Bven if every building in the country undergogsomplete retrofit, and all
new buildings are designed to lesarbon stawards net-zero will not be achieved
without a dramatic and consistent improvement in qualidthough this may be an
uncomfortable truth for the UK construction sector, it is nonetheless true: business as
usual will not deliver netzero

Recommendatins to close the performance gap incluideprovements to contractual
and procurement structuresninimum training requirements and upgrades to training
courses. They also includeprovements to supervisioand inspection of construction
work, throughrenewed support for Building Control, ardreturn to something akin to
the Clerk of Works inspection regime.
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Updateprocurement tomake operational performance a condition of contracts;
Considermplementation of mandatorylicensing for construction sector workers;
Improveinstitutional competencée.g. through management systems)
Implement increased osite scrutiny (e.g. through Clerk of Works role).

E R

5.7 Summary

The study has collated a very wide rangeiefvs and informatbn to identify the skills
and training required for the construction sector in the UK to achievezeed. The scale
of the challenge and limited time remaining mean that the level of commitment and
investment required is unprecedented, but achievable.

Thestudy considers only the skills and training requirements, not the policy required to
generate demand for these skills. It is assumed that such policy will be implemented;
what this report shows is that the sector can be trained up to deliver, and hoanit

There is a requirement for training at a scale which is deliverable, but not within the
GodzaAy Saa | a dzadz f é-ze by2056 iedlined afthidye@rK A S GA vy 3
commitment to a decarbonisation pathway, development of additional training

resouices and facilities, and deployment at scale. It requires consistent policy and

funding to ensure consistent demand for skilled workers.

With these pieces in place, neero can be achieved, but there is no time to waste and
no slack.

5.8 Further Research

During the study, the following areas were highlighted as offering potential for further
research andlevelopment:

1 Action plan for stakeholdersAn extensive number of actions and next steps are
set out in the route mapThese need to be reviewed in collabticn with
relevant stakeholders to identifgction owners andlevelop detailed action plans
for their delivery It has been suggested that a working group representing all the
relevant partiesshould be convened to manage this process.

1 Curriculum review ad mapping This study has identifieel wide range of
curriculum development needsnd stakeholders that are working on developing
material. It wasnot within the scope of the study to develop a map of existing
curriculum material new materiain developmentandgaps that need fillingout
this would be a useful output tfeed into the action planingdescribed above

1 Model Development The model deMeped was the first of its kind tassess the
potential net zeroskills gaps in the construction industiyhere is potential to
develop the modeto providefurther insightson the type and location of skills
that will be requiredfor example including greater number of building types
providing greategranularity in terms ofegioral data, andimproving
assumptions focommercial buildings

1 Embodied CarbonrAs operational emissions come down, the emissions
construction materials andctivities wil become relatively more importan#t
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the moment, these are estimated at arouadquarter of the total impact from

the sector so halving operational emissions will mean that embodied emissions
become relatively more important. Clearly re¢rocannot be achieved without
addressinghis, however it is outwith the scope of this research. A research
project identifying these emissions and looking at plamsnenage them is
required.
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A.1.0 Methodology

A.1.1 Specification

The purpose of thiprojectwas to understand the skills implications for the built environment workforce
2F GKS 'Y D2 @SNY Y Segdiybiadin@taryeyohet-2®gatbonierissions by 2050. The
detailed evidence contained in the report covers the following aims:

1 Provde clarity on the most significant skills barriers acrosscingractor and building professional
services occupations to the delivery of redro ard the role thatworkforce skills development can
play as an enabler for the decarbonisation of the berlvironment

1 Ildentify tangible opportunities for interventions by governments, industry and CITB to take action
to address skills barriers and provide a clear call to action for industry to enable action to respond
to clean growth opportunitiesand

i BEnableindustry and government to assess workforce outcomes using labour market forecasting,
based on different approaches, sectors and policies. This forecastidglwill allow feasibility to
be assessed for alternative deploymerathways in terms of theiimpact on skills and labour
markets.

The research specified the following deliverableadbieve the specified outcomes and ensure
representative and robust data collection and analysis

Deskbasedresearch

Interim report on the qualitative findings

Interim report on the quantitative findings

Forecasting tool/model

A presentation to the steering group on the key findings and recommendations
Submission of full draft repart

=4 =4 =4 8 -8 2

A.1.1.1 Research questions

The research questions were mappedhe research taskdasedon the deliverabledor the project

Task I Deskbased research

Task 2 Qualitative research

Task 3 Quantitative research

Task 4 Tool: Forecast/Scenario Planning/Analysis
Task 5 Analysis, Conclusions and Recommendations

= =4 =4 4 A

Table A1-5-1 - Research Questions

RQ 1  Establish a baseline of existing evidence
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A.1.1.2 Model capability

Building on the insight obtained from the other phases of the project, a tool was developed using a
bottom-up approach to consider the skilemandpathwayswhichcouldbe overlad and compare with
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current supply to present gaps and shortag&ke tool dows the user toanalyse“the skills constraints on
GKS RSLIX2@8YSyid GNI2SOG2NASA I yR SELX ptoldet-zéi&k S A YL
Based on the varioysathwaysdeveloped in conjunction with CITB and tested with stakeholders in the
steering groups, the skills demapdthwaysinclude several factors:

1 Existing BEIS modelling, reflecting the array of policy options currently on the table (e.g. a full
electrification pathway, a hydrogen pathway, a hybrid pathway).

f The deploymenpathways(e.g.number of retrofits needed to achievet-zerg number of heat
pumps installed to comply with Future Home Stardjar

Each policy option and deployment scenario has a baseline timeline for delivery, but also includes the
flexibility to change the delivery timings. This allows policy makers to plan for a significarupamskills
needs and potential bottlenecks in dem@ The tool informs advice around qualifications and training, and
demonstrates possible alternative outcomes based on policies (base scenario, best case, worst case). Tt
structure of the model is explained in greater detail in sectidhof the report.

A.1.2 Literature Review

A.1.2.1 Rapid Evidence Assessment

A Rapid Evidence Assessment (REA) was carried out to identify immediate issues (skills gaps and
shortages), find evidence of challenges businesses and individuals face achieving current levels of
compliance and to identify and qualify industry stakeholdeganisations and individuals who could
provide insight relevant to thproject. The data found was mapped against the research questions
outlined in the specification in order to:

1 ldentify those areas where the evidence base is robust;

1 ldentify key gapsiinformation;

1 Assess whether other parallel studies are expected to be able to fill those gaps; and
1 Direct the qualitative and quantitative research to those gaps that need filling.

The REA was conducted in alignment with the guidance provided by thenstegoup and drew upon
9dzy2 YAl Q&4 OoNRI RSNJ SELISNASYOS 2F aAYAtl N SESNDOA A
internet and electronic journals; grey literature; media articles; opinion pieces or blog articles; and other
sourcesjndependentreviews,from previous research projects, recommendations from CITB, BEIS and
from the stakeholder interviews

Thesources were searched usikgywords®and the results werassessed for relevance using an
iterative approach Alstracts and executive sumanies were reviewed to eliminate sources thatre not
relevant to thenet-zeroskills context.

In total, over 98 sources were identified and analysed including academic papers, survey results,
governmentcommissioned research, policy evaluations, induséports and grey literature. The split of

SR ladv catb®r haidh dekillag yinOrkfdaie Soaemands dtrain € dre-train, Gobs g dretrofit, é
Y3 A1AYZé daK2NIFIASIE G0l NNIKSNRINEPG So/ENT i Ny 33
2y
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these sources was roughly 56% industry or government reports, 12% articles, 6% grey literature, plus 269

other remaining sources.

Findings from the REA were used to inform the interview questions and to kekdap a robust set of

interview and survey questions.
Table A1-1-2 - REA sources

Title

Zero carbon Britain Rising to the climate emergenc

Wates sets fiveyear Zero Carbon target

Bringing embodied carbon upfront Coordinated
action for thebuilding and construction sector to
tackle embodied carbon

Raising ambition

Zero Carbon Scenarios from across the globe
Deliverable Proof; Reportsresulting from the
finalisation of a project task, work package, project
stage, project as a whole

Skanska UK

Net-zero 2045

Special report on

cutting carbon

Net Zero

The UK's contribution to

stopping globalwarming

Net Zero CarbomBuildings: AFramework Definition

Ofgem decarbonisation action plan

Mission Possible Achieving netzero carbon in
Construction

Emerging findings: New roles itonstruction
Structural Change & Industry Dynamics

National Grid- skills required fomet-zeroenergy

Japanese to build UK's biggest offsite village
construction

Drivers of structural change and industry dynamics

Reinventing retrofit
How to scale up home energy efficiency in the UK

House of Commons Legislating foet-zero

Building Skills for Net-Zero

Author

Centre for Alternative Energy
Canolfan y Dechnoleg Amgen

The construction index
World green building council / Ramboll

Centre for Alternative Energy
Canolfan y Dechnoleg Amgen

EIT Climat&IC

Skanska

CCC

UKGBC

OFGEM

EDIE

ICF

CITB

National Grid
Construction Engineer

ICF

Zero Energy Buildings Catalyst (ZEBCat)

project

House of Commonisibrary
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2019

2020

2019

2018

2018

2019

2019

2019

2020

01/12/2019

2019

2020

2020

01/02/2020

2019

2020

2019



Buildings Energy Mission 2030: Background Repor
to Recommendations from the UK Green
Construction Board in response to the 2030
Newbuild Challenge.

By popular demand: What people want from a
resource efficent economy

Zero Carbon Britain: Rising to the Climate Emerger
models

Carbon Emissions in the UK Built Environment
Achieving 80% Reduction by 2050

Energy Innovation Needs Assessment

Creating Zero Carbon Communities: The Role of
Digital Twins

Zero Carbon Compendium The future of low energ
cities and communities

Construction professions team up for climate chang
pledge

Whole supply chain is key to achievimgt-zero

Work Package 2: Productivity Mapping & Literature
Review

Building Skills for Net Zero Emissions

Carbon Sequestration by buildings

No more baby steps' says sustainaldenstruction
expert

Integrated retrofit design methodology

Installer survey results

Step byStep retrofits with passive house
components

Plan of Work 2020 Overview
UK housing: Fit for the future?
Sustainable outcomes guide

Thedecarbonisation of heat

English housing survey
Energy report 20172018

Heat Pumps Integrating technologies to
decarbonise heating and cooling

The clean growth strategy

Building Skills for Net-Zero

The Green Construction Board

Green Alliance
CAT
ARUP

Vivideconomics

Commissioned by Integrated Environment
Solutions (IES)

Zero Carbon Hub

The construction news index
Construction news

Innovate UK

Green Construction Board Meeting

The alliance for sustainable building
products

Scottishconstructionnow

newTREND

Charter Institeie of plumbing and heating
engineering

Passive house institute

RIBA

Committee on Climate Change
RIBA

regen

Ministry of Housing, Communities & Local
Government

European Copper Institute

HM Government
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2019

2018

01/11/2019

Unknown

2019

2019

2015

Unknown

13/02/2020

30/08/2019

03/12/2019

Unknown

02/12/2019

01/08/2017

01/10/2019

2016

2020

01/02/2019

Dec19

Unknown

2018

2018

2008



ENERGY CONSERVATION, ENGLAND AND WAL
The Energy Efficiency (Private Rented Property)
(England and Wales) Regulations 2015

ENERGY CONSERVATION, ENGLAND AND WAL
The Energy Efficiency (Private Rented Property)
(England and Wales) (Amendment) Regulations 20
ENERGY CONSERVATION, ENGLAND AND WAL
The Energy Efficiency (Private Rented Property)
(Engand and Wales) (Amendment) Regulations 20:
The Future Homes Standard 2019 Consultation on
changes to Part L (conservation of fuel and power)
and Part F (ventilation) of the Building Regulations
for new dwellings

Climate Change (Emissions Reduction Targets)
(Scotland) Act 2019

The Future of Skills: Trends impacting on UK
employment in 2030

Climate change, innovation anjbbs

REPORT TO THE COMMITTEE ON CLIMATE CH
OF THE ADVISORY GROUP ON COSTS AND BE
OF NET ZERO

Greening Jobs and Skills LABOUR MARKET
IMPLICATIONS OF ADDRESSING CLIMATE CHA

Reducing UK emissions 2019 Progress Report to
Parliament

Warmer & greener: A guide to the future of
domestic energy efficieay policy

Construction skills network 20192023

Construction skills network 2020- 2024

SOLID WALL INSULATION Unlocking Demand ar
Driving Up Standards

Solid wall heat losses and the potential for energy
saving

Route map 2020

Closing the gap between design &-asilt
performance

Residential heat pump installations: the role of
vocational education and training

Heating engineers, skills and heat decarbonisation

Heat Pump Market Analysis b@rowth Application
and Forecast to 2025

The future role of heat pumps in the
domestic sector

Public acceptability of the use of hydrogen for

heating and cooking in the home

Building Skills for Net-Zero

UK government

UK government

UK government

Ministry of Housng, Communities & Local
Government

Scottish government
Nesta
London school of Economics

Advisory Group on the Costs and Benefits
Net Zero

OECD

Committee on Climate Change
Westminster sustainable business forum
CITB

CITB

Chief Construction Adviser
BRE

BRE

Zero Carbon Hub

University of Westminster
UKERC

Market watch

University of Oxford

CCC
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26/03/2015

21/06/2016

01/03/2019

Oct19

31/10/2019
Unknown

Unknown

Unknown

Unknown
Jull9
Unknown

Feb19

To be
released

Now15
02/03/2016
Unknown
Mar-14
Sepls
Sepl9
Apr-19
Unknown

Now18



Will we heat ourfuture homes with hydrogen?

Role of hydrogen in UK energy system

G2S YySSR (2 NBUNIAY 02A
KSEHG alAffas
''YQ4 FANBG blFaGA2yFf 5A3

Deliveringnet-zera A roadmap for the role of heat
pumps

District Heating- Delivering affordable and
sustainable energy

Leti Climate Emergency Design Guide@0

Trust and Certainty October 2015

Shifting the focus: energy demand in a neéro
carbon UK

Construction and built environment

Skills transferability in the UK

Career and Training Progression Routes in the
Construction Industry Final Report
Transitioning to Hydrogen Assessing the
engineering risks and uncertainties

Hydrogen in a low carbon economy

Analysis on abating direct emissions from "hard to
decarbonise" homes, with a view to informing the
UK's long term targets

The remaining potential for energy savings in UK
households

Workforce Mobility andSkills in the

UK Construction Sector 2018/19

' b[ h/ YLbD /hb{¢w]/ ¢Lhb(
skills plan for industry

MIGRATION AND CONSTRUCTION:

The view from employers, recruiters

and nonUK workers in 2019

Full Reportc October 2019

Skills and Training in the Construction

Industry 2018

THE IMPACT OF MODERN METHODS

OF CONSTRUCTION ON SKILLS
REQUIREMENTS FOR HOUSING

PATHWAYS INTO CONSTRUCTION
Employers: improve routes into construction with
/ L¢. QafumdA 33Sa

Skills and training to decarbonise heating

Building Skills for Net-Zero

ARUP

Energy research project
networks.online

Heat Networks Sustainability by Sweden
Heat pump association

Changeworks

LETI

Skyblue

CREDS

CITB

CITB

Institute of Engineering and Technology

CCC

CCC

Researchgate
CITB

CITB

CITB

CITB

CITB

CITB

Off Gas Grid
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Unknown
Unknown
Unknown
Unknown
2019
Apr-17
2020
2015
2019
2018
2013
2019

2018

01/08/2019

2018
2019

2018

2019

2018

2019

2019

2020



Evolution or Revolution
BUSUK Final Report 2012
What is whole house retrofit

Each Home Counts

Achievingnet-zero Regulating the Decarbonisation
of Heat

UK Construction Online 2020: The Year of Net Zer(

Housebuilders hold summit to take carbon emissiol
down to zero

Nottingham council unveil2028 target to become
''YQa FANRG OFNb2y y SdziN
11 office buildings become first to accomplish net
zero carbon status

Environmental Innovation in the costruction sector

TOWARDS NEERO:
The implications of the
transition to net-zero
emissions for the
Engineering
Construction Industry

Skills and training to decarbonise heating

Skills Needs Analysi€)23Repair, Maintenance and
Energy Efficiency Retrofit of Traditional (pE919)
Buildings in England and Scotland

Behaviours, Cultures and Performance in the
Construction Industry

Building Skills for Net-Zero

CITB

Build Up Skills

STBA

BEIS

SEA

UK Construction Online
Showhouse

PSE

PBC Today

PBC Today

ECITB

Sustainable Energy Association, CIPHE,
OFTEC, GSHPAA, HPA

English Heritage, CITB, Historic Scotland

SkyblueResearch Ltd
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2020
2012
2016
2016
01/01/2020
01/01/2020
Unknown
01/01/2019
01/01/2020

01/01/2020

01/01/2020
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01 January
2013
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A.1.2.3

Additional reports

Following the REAdditionaldocumentation was identifieds being relevant to the studylhis was
supplemented by recommaetationsof literature gleaned fronthe qualitative intervieweeand the
steering groupvorkshops. Thesources were reviewed using the same methodology and any relelzat
was added to thdREA matrix.

Table A1-3 - Additional REA sources

Title

Eight policy packages
F2NJ { O20¢ I
Recovery

A Green Stimulus for
Housing

Author

Climate
Emergency
Response
Group

New
Economics
Foundation

Building Skills for Net-Zero

Publish
date

01/07/2020

01/07/2020

Summary

Climate Emergency Response Group report focussed o
delivering practical, workable, solutions thhe Scottish
Government should be implementing now, in order to
move Scotland towards a neero economy, while
recovering from the COVADOcrisis.

Of the 8 packages one is Retrofit buildings for azeed
Scotland. Within this it sets our proposals for

Tackle Fuel Poverty

Support households

Support businesses and public sector estate
Strategic approach

Limited details on the skills needs and gaps to delinedr
zero

Focused ofmplications of wide scale whole house retro
programme of 9m houses in the parliament period, savi
around 15% of total domestic energy demand

Some useful analysis on jobs implicatignoking to
follow up with Parity Projects and CROHM model used
Emissions savings of approximately 19.23MtCO2/year t
HAHOKHNY 2NJ HM:? 2F Hamdg ¢
This is a cumulative 40.9 MtCO2 by 2023/24, meaning f
Ll2f A0& LINRLRalft |f2yS O2c
budget targets.

Would generate 17,811 new jobs in Year 1, rising to
382,885 per year by Year 4.

It recommends:

a National Retrofit Taskforce

Public capital investment and tax changes

Strengthen Building Regs

Area Based Delivery (Local authority driven)
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Retrofitting to
decarbonise UK
existing housing stock

Net Zeroc the Road
to Low Carbon Heat

9y SNHe& 9FTF
offer for net-zero
compatible stimulus
and recovery

RICS

CBI

EEIG

Building Skills for Net-Zero

April 2020

22/07/2020

June 2020

Broad reaching paper explores:

current landscape of retrofitting policy drivers,
regulations,

technical processes and fiscal levers,

gaps and opportunities and where industry standards al
tools canovercome barriers

In terms of skills its recommendations focus on:
Apprentice training and assessment

Public awareness of standards and professional
competencybased advice and training in regard to ener:
efficiency retrofits and wider homienprovement works
Report outlines the challenges and opportunities of
decarbonising the heat in our homes and buildings arot
the UK

A key recommendation is that the Government should
Ay Of dzRISNIDHXE YR ga { At faQ Ay (K
scheme. This focuses on:

There needs to be a national plan to train and reskill a
workforce. National apprenticeships and a CPD
programme needs to be developed in collaboration with
industry.

A national lowcarbonskills programme, which will create
the skills for the installation and retrofit work that then
transitions to maintenance and customer service.

Skills around lovzarbon solutions installations, collecting
and managing consumers energy data should beidwea.
The EEIG report focuses oet-zeroin a postCovidl9
economic recovery and recommends a comprehensive
governmentled programme that:

Treats energy efficiency as a national infrastructure
investment priority, with EPC target for all homes
Provides additional public capital investment of £1.8
billion per year to 2030,

9allofAaKSa FRSIlda GdS AyoOS
homeowners and landlords,

Sets out robust regulation, that requires some
homeowners to take action

Supports a longerm approach to delivery in which local
authorities play a core role

Ensures strong advice provision, quality assurance and
safety standards.

Limited details on skills needs and gaps
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Building the Net Zero | National Grid | January Increase low carbon electricity generation by about 50%
Energy Workforce 2020 ensure we cameet demand vether in homes or
transport from source such as wind and solar

Reduce the carbon impacts of heating by installing low
carbon heating systenia about 2.8 million homes
Develop CCUS technology to reduce emissions particul
from gas powered electricity generation and industry an
develop hydrogen networks

Power about 11 milliorEVs by installing about 60,000 EV
charging points across the country

2030 117,000 newobs

2040 152,000 new jobs
2050 131,000 new jobs
Total 400,000 new jobs

A.1.3 Interviews

In addition to the primay evidenceand o enable the mapping of requireskills against the pathwaythe
gualitative interviewsvere used to gather data from key stakdtiers. The interviewfocusedon their
views, perceptions and attitudes towards thet-zeroskills requirementbarriers togrowth, andwhat
policy interventions might support thigrowth.

Recruitment of research subjects either invahantacting subjects whichadalready engaged in

previous projects andontactingrelevant trade associationsThe spread of the backgrounds of the
interviewees was tracked in a spreadsheet and shared with CITB through the research phase. Appendix
A.1.3.2shows the spread across the two interview tranches.

45anonymousnterviews were heldemotelyusing an open formabut were structured around the topic
guide in ApendixA.1.3.2 Theinterviews were recorded and transcribed with permission from the
participants to facilitate theanalysis.

To ensurecomparability of findinggopic guides for each research componergre developed in
consultation withCITBEach theme within the guide@asclosely aligned to therojectobjectives to ensure
the study rem@nedrelevant and focusednd also focused on the identification of case study examples to
illustrate skills needs, regional deliveryrat-zeroand existing training. Appendix1.3.2contains the key
guestions, probes and prompts used during the interviews

A.1.3.1 Sample frame
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Figure A 1.1 - Interview sample frame

100 = Count of Training

m Count of Trade Association

90
W Count of Smart
80
m Count of Research
70
m Count of Owners/developers
60
H Count of NGO
50
m Count of New
40
M Count of Government
30
m Count of Envelope
20
H Count of Energy
10 :
Count of Business - Manufactul
0 m Count of Business - Designer/

Total Contractor/ Installer

A.1.3.2 Topic Guide

Participation - Introduction

Please use this script in a responsive and discursive way for each individual.

Verify company name
Ask for named contact [if availabld organisation:
Emailaddress

. Named contact
Confirm contact name

1
1
1
1
Tel number:

Date of first contact:
Date of interview:

Interviewer:

1 My name is [AS APPROPRIATE], and | am a researcher from Eunomia Research & Consulting. W
Ukbased company and haween commissioned bthe Construction Industry Training Board
(CITB in association with the UK Govenent Department for Business, Energy and Industrial
Strategy BEI$to carry out an independent study on tk&ills required in the construction sector
G2 RStAGSNI GKS 3I2I3SNYYS yzér@emisSahsby 206@04ynG 2 | C
Scotland, 95% netero in Wales).
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Amongst other things, the study aims to identify:

0 Establish a baseline of existing evidence

Define a range gblausible deployment trajectories

0 Describe the impact of the transition to netero on the composition of the workforce
againstthe agreed deployment trajectories;

0 Assess workforce capacity and capability against deployment trajectories

0 ldentify and assess resources (qualifications, training, assurance of competence)

(@)

1 IF PUBLICATION QUERIED: The findings will inform a repdiBfav@ich will inform a white paper
feeding into the UK Government Heat Strategy. All commercially sensitive data will be anonymised
1 Offer to send letter fromCITBf they want more details

Participation - Request

f Are you happy to participate in thaterview now or at a later date? Secondly, are you able to
O2YYSyild 2y @&2dz2NJ 2NHI yAal A2y Qa OASga 2yT
0 The skills required to achieve ne¢ro greenhouse gas emissions from the built
environment;
0 The number of trained individuals currently working with thegéls, and the number
required to achieve netero;
0 The training resources required to achieve the required growth in skilled workers.
1 IF YES, CONTINUE AND SIGN SEPERATE INTERVIEW WRITTEN CONSENT FORM (RUN THR
THIS)
f IF NO, END AND ARRANGE ALTERNATIVE TIME, OR INTERVIEW WITH ALTERNATIVE CONT

We acknowledge thadomeof the informationyou providemay be commercially sensitive. We can
reassure you any information you provide will be treated as confidential andyanous. We will not

name organisations taking part in tipeoject, nor willwe allow the identification of organisations by proxy.
If you share ay supplementarydocumentationit will be stored securely with access restricted to those on
the project team.To alleviate any concerns, we can offer you a review ofritegview transcriptions

before it isused as part of the researciiVe are also very happy to sign a raieclosure agreement if
required.

Interview i Recording request

With your permission & wauld like torecord the interviewso that we gather an accurate record of your
views. Thadata will ke stored securely in accordanegth the Data Protection Aa@nd GDPRNe will not
share the recordings or transcriptions with anyone other than our immediesearch team and
transcribers. Are you happy for the interview to be recorded?

1 If YES record the interview and have the participant sign the correct section on consent form to
confirm in writing that the interviewee is happy to be recorded.

1 If NO praeed without recording and have the participant sign the correct section on consent form,
confirming in writing that the participant is happy to be interviewed, but not recorded.

Interview - Background
In this interview we are looking for your organisgfi® & @A Sga 2y GKS F2fft26Ay 3

1. Organisation background;

2. Choice and pace of decarbonisatioathways
3. Existing skills in the construction sector;

4. Scale and pace of training required;
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5. Training requirements and timescales.

1
1 We may be in touch following the etview to ask further questions with regardsRFature Policy
Pathways

)l

1. Background Questions

1.1 t I NIAOALI yiGQa NEft S| Probe: What department do
you work in?

What are your
responsibilities?

1.2 Nature of Organisation Probe:Briefly describe your
business?

What sector or sutsectordo
you cover?

What is the main product or
service you provide?

1.3 What geographical locations do you cove Probe: Local, regional,
national, international

1.4 Size of organisation How many emfpyees?
How many members?

How many employees
represented by all members]

Interview background questions

Our model uses five maximupathwaysto establish a space within which all potentoathwaysfor
decarbonisation can be modelled, so that the skills and training requirement required can be established.
These are:

Scenario Description

Hydrogen led Generation, transmission and distribution of affordable hydrogen at scale.
Hydrogen boilergtc. deployed on replacement and in ndwild at all buildings on

gas main.

)l
)l

Heat pump led Natural gas phased out
Negligible contribution from hydrogen

Almost all heating and hot water supplied by heat pumps

Heat networks Up to 20% of all heating govided by heat networks

Heat sourced renewablyemaining80% delivered direct

= = = =4 =
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Renovation 1 Requirement for all existing buildings to improve EPC rating
1 Primarily through improvements to:
0 Insulation
o Airtightness
o Glazing
0 Heatrecovery

Onssite energy 1 Rapid deployment of:
0 Onsite renewables generation
Smart meters
Smart storage
Smart tariffs
Heat as a service
Demand management

O OO O0o0Oo

Thesepathwaysencompass:

new-build

retrofit

different rates of decarbonisation
existing skills

size of current anduture workforce
just transition

= =4 4 4 -5 9

We are looking for any information you can provide on the types of skill, and the number of people with
those skills that will be required to deliver thepathways taking into account the scale of the challenge
and the pace of change required, the sizel @killset of the existing workforce, potential for transfer of
skills, upskilling, training requirements and tirrsxales.

Within the context of decarbonisation of the built environmentigh of the following interventions does
your organisation cover?

[The following tables set out the structure of the main questions (columns) for each topic (rows). Cells
contain example probing questions. The question structure is set out in greater detail at the end of the
document.]
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2. Building envelope

Intervention

Y/N

What skills do we
already have?

Skills / competency
verification
methods

What new and
additional skills are
required?

Modern Methods of
Construction (MMC)

How can we
develop the skills
required?

Preferred approach

What are thebarriers to
developing these skills?

Just transition
Upskilling
Bottlenecks

What is the role of
government?
Training
Standards
Accreditation

Retrofit projects Retrofit coordinator How many Coordination
PAS 2035 required? Competition
Energy modelling
Insulation Finance
Lofts
Cavity walls
Solid walls
Floors

Airtightness

Testing

Glazing
Double, triple
Secondary

Heat recovery
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3. Energy sources

Intervention Y/N | What skills do we What new and How can we develop | What are the barriers| What is the role of
already have? additional skills are | the skills required? | to developing these | government?
- ? H l)
(U Preferred approach Sl Training
Skills / competency []JUStI;[.rI?rTS't'On itarr]dg_rtdf_ N
verification methods pSKIing cereditatio
Bottlenecks
Hydrogen Gas Safe Competition Standardised training
programme?
Heat pumps Plumbers Holistic design Quality Assurance Brexit Standardised training
Electricians Retrofit vs. Newbuild | Timescale Barriers to new programme?
entrants?
Transfer from e.g. ga
Direct electric heating Plumbers
Electricians
Solar thermal Working at heights
System integration
Biogas Gas Safe
Heat networks Current capability Whole system design Risks from skills gaps
Transition to lowefT | System integration Competition
Civil engineering
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4. On-site management

Intervention

YIN

What new and
additional skills are
required?

What skills do we
already have?

How can we develop
the skillsrequired?

Preferred approach

What are the barriers
to developing these
skills?

Just transition
Upskilling
Bottlenecks

What is the role of
government?
Training
Standards
Accreditation

Thermal storage
Hot water

Phase change

System integration

Heatdistribution
Radiators
Underfloor

Warm air

Energy modelling

Onsite generation

Electricians

Site design

Energy management
Smart meters
BEMS
Monitoring

Connectivity

Building Skills for Net-Zero
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Interview - Basic Questions
Aide memoire for eacintervention:

1 What skills already exist?
1 How manypeople are currently employed?
1 What skills are required?
0 ISCED 2011 education level
f How many more people will be required?
0 Estimate ofworker-days per intervention.
1 What is needed to develop:
0 Existing skills?
0 New skills?
1 How long does it take to train?
0 Retaining cycle
f How are skills currently developed and verified?
0 current role of qualifications, apprenticeships, manufacturers training and
competency schemes
0 What resources are available? Are they used?
1  What training format is appropriate (preferred methpd
0 Manufacturers?
0 Training college?
A Class size?
o Onthe job?
o Different model?
1  What barriers are there to training and deploying enough people?
0 Competition within Construction
o Competition outside Construction
0 Size of available workforce
A Trained upthrough education system
A Imported
A Retention, churn, flow of labour
0 Quality of available workforce
o Appeal of a career in construction
A Gender
A Diversity
1 Are there sectors with complimentary skills?
1 What can government do to help?
0 Policy (education, businedsyilding)
0 Standards
0 Accreditation
0 Support
1 What other organisations could be involved?
0 Public procurementl(As, NHS
1 What can CITB do specifically?
1 Reflecting on your answers, what impact do you anticipate CV19 having,
specifically on skills development fdecarbonisation of the built environment?
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Interview - Close

1 Ask if respondent has anything else to add

Stop recording

Thank participant

Reassure about confidentiality

Explain next steps qfroject

Check whether participant has questicasout theproject
Check okay to follow up.

= =2 =2 =5 -4 =9

Qualitative Data Analysis

Once the interviews were completéhe datawas processedhto a format from which
patterns and findings staedto emerge. Thisthematicl y I f l6ckell @&ross all the
interviewsto identify the common issues and identify the main themes that summarise
the views collectedThe transcribed interview scripts, along with interviewee notes,
formedi KS ol aAa 27F | The data yWas Sedtianiseda sofrimarisdd E Q ¢
under key headings developed in advance and emerging from fieldwidrk key

headings under which data was sorted were:

Baseline; What skills and capacity already exist?

Skills and TrainingWhat additional skills and capacity are requited
Gapsc Where are the gaps in the existing provision?

Government Suppor Current and suggested

Barriers¢ New entrants and transferable skills

=2 =2 =22

A.1.4 Interview quotes

This section sets out some representative comments from respondents

Subject Quotes

G2 KIFHd KIFIad KAYRSNBR NBUONRFAG YR S
ages is inconsistent policy. Previous funding streams have been stopped, t
been started, they've been designed around funding criteria rather than wh
required for tke building and it's led to a host of horrible installations of stuff
GKFG ' NB 6SSy NBOUGAFTASR y2¢ dzaAy3

Policy

GO9Sy SsAGK | LI2ftAOd RANBOGAZY (KI
fingers burnt in the past. There would need to be a mechanism, a very real
that encourages them to do so whether that's the Clean Heat Grant or A. N
Other. The poligneeds to be supported by another mechanism and then a
pipeline of work. No one's going to go out and spend the time to get trainec
if-- I've got two lads that can do this, but nobody's asking for that. "Oh, that
was a waste of time."

& L yti@eS ghd a passport systerhthink something like that is a really good
idea, but also having the visibility of an online passport. That anybody can
lyedoz2Re OFly 32 2y3 FyR aSS K2g ¢S
ranking system thatisredl @A aAo6f S | a gStf dé

Retrofit
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GDF L) 6Si 6 S Syero9Thdt's theywvay thg BRC is driving it, though,
because it's carbon, it's not fabric. There's a difference, and the governmer
needs to see that. They need to see that there's a difference between the t
Then we've also got health issues in the UK because our homes are too cc
22 K2G0 LGYA y2G 2dzad [ o62dzi OF Nb

2SS ySSR pnZnnn LIS2LXS (2 R2 GKS
think we need another 50,000 to do the Local Authority staukh is the same
¢KFiQa mnnInnn 220604 0STF2NB ¢S GdzN
onnInnn (2 22Ay GKS LINAGIFGS asSoiz
and that doesn't include the supervision and the monitoring and making sui
that perfformance is right. There is maybe a half a million jobs that we could
ONBIGSs tS3aIAGAYIGS 220a G2 FRR (2
G2 GFr1S Yrye LIS2LXS FTNRY GKS OdzNN
FYR YIAYy(dSyl ygodhing féréver, ®ecaubeyof tie gtock being
az LJ22N)e

GhyS 2F 2dzNJ I NBdzYSyGda | o2dzi 6Ke ¢
that there just isn't enough labour. There isn't enough skiledurto work
productively orsite to deliver27 mil 2y K2 dzaAy 3 NBOINR T

G2S aK2dzZ R 0SFENJAY YAYR GKIFG Y2ad
include much work to existing buildings, does it really in terms of the
professions, and people work on technical issues behind the atdsftop, or
whatever. They're not trained much on existing buildings. They're certainly
trained on all the buildings. Most people, the focus of their training is on ne'
construction and of course, new construction is probably just over 50% of v
activity. Work for existing buildings isn't too far behind. Everybody will prob:
end up working on existing buildings and even traditional buildings. Their b
SRdzOlF GA2y ySSRa G2 AyOfdRS GK2a&a$s

dhy (GKS RSaA3Iy &aARSY alLISOALFtAal A
services (smart grids, battery storage, PV and ventilation) , overheating
Fa3aSaaySyidz Y2yAG2NRy 3£

GThat basic knowledge needs to be instilled in virtually every bit of Cotitru
Industry Training. If that isn't done, there's going to be an awful lot of mone
FYR OFNb2y 6l aiSR 2y NBGNRTFAOG YSI

¢CKSNBE A& I ySSR F2NJ I O2-yideihatdodly
GKSYy 0SS 0GFAf2NBR F2NJf20Fft o0dzAft RA
New-build GC2NJ ySg o0dzAftR AlG FEf ySSRa G2 Oz

sustainability commitments in the planning requirements (and these need t
the same between authorities). These then need to feed into design where
is a pasibility for a climate change @wordinator role and then this needs to
FSSR R2g¢y AyG2 GKS aixidaS Yl yl 3SNWE
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Performance gap

Oversight

G,2dz g2dzA Ry Qld Fte& Ay |y FANDNI Fi
Gt 2f A0& YR FTdzyRAy3a gAff RNARGDS RS
NBadzZ § oAttt 0SS LR2NIljdadtAdGe AyaSN
& t 2Gireinfell, industry has beg to see quality as a benefit rather than a co:
however the "value engineering" approach still means that all possible corr
are cut, resulting in least first cost buildings with poor performance and higl
2LISNY GAy3a O2aiaové

G2 SY4Y@S 06 S S yheintodustidrof admafdatdty lidensing scheme fi
construction firms, because they have that in Germany, and in some states
the US...Perhaps then within that, you could write into a CPD requirements
mechanisms to ensure competency. If you saidayOkwant to get a license,

and I'm the plumber. That means | needudil this competency scheme, whic
Aa G4GrOKSR G2 GKS tA0SyasS G2 3Si

G2S YySSR | LINRPLISN) 6dzAif RSNARY fAOSYy
experience, it's a no braér. | did some research for the FMB on this a few yt
ago. You definitely need to bring in licensing. Licensing needs to be backe
by competency testing of a certain kind. That has to be proportionate. In te
of the apprenticeships, then we've comtally reduced the number of years
somebody has to train as an apprentice. We're down to a level now that pe
have been taught tasks rather than being educated. We need to extend the
duration of apprenticeships so that we are actually properly traipiegple.
That's within the government's power. Scotland's apprenticeships are longe
than they are in England and Wales, aren't they? Why can't they be the sal
GKSYy | ONeraa 9y3atlyR FyR 21fSa Ay

That's why | believe in licensing to be horfeseverybody, because if it's a
LINPLISNJ f AOSyaAiy3d aoOKSYSzT GKSy A

G{AGS YIylI3ISNE Od:NNByidfte R2 y2i N
train them will be to highlight how important it is and then they widléntivised
G2 tSINYy® aAGS YIylF3ISNA SAGKSNI O2

a!'y SySNHeé |aaSaaz2zNE I+ ljda t AFASR
LINEFSaaArz2zylf ol O1l3INRdzyR Ay GKS o
and some fairlyight touch assessments, then they're a qualified DEA.
Unfortunately, | think there's 36,000 qualified DEASs in the country. A huge
proportion of those people are fairly low skilled. There are really, really goo
ones too. I'm not trying to rubbishthe S 4 & A 2 y ® €

GKAGG2NAOLIffex [201f !dziK2NAGE . d:
assurance on works being undertaken, particularly if they were physical fat
works. They acted as the QA function in some ways. Every builder, if he wi
taking a wall down or putting up steelwork, they would come and quality as
that. This quality function has disappeared. It's down to the individual build
now with their liability insurance behind them to deliver to the required qual
In many casedhey have, but in some, they just don't appreciate what they"\
done. We've lost the Clerk of Works QA function at all levels. On a large bt
site, maybe that company employees a Clerk of Works, that's fairly easy to
address. The retrofit scenarichere every home is a site in itself. Wales aloni
we'd have one and a half million customers. You can't have one and a half
million Clerks of Works. That used to be the council's function in building
control, but that's gone. There's a need to bring bawke sort of control
function. Some of that | guess is through PAS. If we insist, and we use PAS
T2NJ SEFYLX ST FT2NJ NBUONRTFAGDE

dz
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Training

GLYRSLISYRSYy (G vdzZ tAde 'aasSaazNw Lyv
Clerk of Works role. We call that the plarmsupervisor that works on behalf
the client in terms of monitoring the work. But there has been a problem in
past where you've even got Clerk of Workssitg, that the contractor will
actually leave all the quality control to the Clerk of Worksengas the
contractor is responsible for quality control.

That's why it's not just a question of bringing in the Clerk of Works back, yc
YSSR LINBLISNJ ljdz- £t Ade YIFylF3aSYSyid LIN
earlier whereby the Clerk of Workstbe Independent Quality Assessor will
have a role to play but basically, that role is about checking to make sure tt
the contractor is actually implementing quality control processes and the
contractor is evidencing that the work has been done propleutyalso having
the option of making their own independent checks if they want to or if they
feel the need to.

That would be a proper quality management system rather than just keepir
the system as it is now but sending a Clerk of Works to actuallatdabk work
because some Clerk of Works are not very good to be honest, come acros
who are not that good. We got to bear in mind that there are good and bad
all professions. Some people will take on work because it's work regardles:
whetherttS@ QNB dzaSR G2 GKIFG GelLlsS 2F o6z
be mindful of that.

Ghy (GKS RStAGSNE &AARSY Iy FANIAIK
oversees critical work, coordinates testing and training, reactively, to achie
aSi adlyRINRa&®E

L GKAY1l 6SUNB 3I32Ay3 (2 KI @dSingtd R
have to develop new NVQs. NVQs are the way. No, don't introduce anythir
else. National Vocational Qualifications are still relevant in our sector provitc
that you put that proviso on that you've got to have competency as part of t
process. Thb v gA(GK2dzi | O2YLIS{iSyoe (Sa
a1 SI { -midimNnigdéurriculum to upskill installers in heat loss calculatior
K@RNJI dZ AO oFflyOAy3dx Ft2¢ (GSYLISNI

LYy GSNX¥& 27F LINE TS atérd @hgrl tiiey vik® HndSthe
construction industry, many of these courses would be accredited by the
professional bodies. If the professional bodies got themselves together, an
said, these are the areas we want covered, we'll all agree that weyil onl
accredit courses which have got this sort of content. That's one way in whic
can improve the situation because the present situation is just ridiculous. It
often said to me that colleges, universities they're providamgl CITB have
alwayssaidg S KI @S (2 fAaidSy (42 6KIFG (K
6580St2L) alAffta GKNRAZAK  YAE 27
GNFAYyAy3d 06/t5Qa0 Y2RSftad +SNAE®r a
skill to be added to CSC3dcas extra qualification (badge)? Every site worke
KFIa G2 KI@gS I KSItftGK FyR al¥Sde O
"On the job? Yes, critical for subcontractqQimported labour"

G42K2 O2dA R OFEARIGS O2dNRS O2y(sy
The costs will go up, of course, because they have to be members, but it w

become a much more respected trade. It will also instil a sense of quality, "
want to achieve this quality," and being a part of a community that is trying
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be better, ratheri K| y S@SNEB2y S 2dzi GKSNB F2
Gal ydzF I O dzNB NJ & LISDY T IRIONIG ND dzfy A M3 1O
G¢KS | LIWINBYyiAOSaKALA KIR 06SSy Rdzy
almost meaningless standards. We'd gone from four oryfeesr
apprenticeships downto o2 S NJ | LILINBY G A OSa KA LJa €
Gl 26 | NB OdzNNB WOS devielaped, gut oit ® GSaiddiaS t&
develop qualificationg too weak, some training bodies will cut costs and
reduce content, deliver onlirgbasic level. If NOS is the skeleton, the industr
with support needs to supply the minimum muscles and tissue to ensure a

consistent bais met when training providers provide content, or NOS need
0S FIENI Y2NBE LINBAONRLIIA DS dé

aL GKAYy1l GKIG ¢SUu@S 324 G2 | OOSLI
building science as well. They just haven't got to learn the trade. They got t
learn wty they're doing what they're doing and the impact of not doing it
O2NNBOGtes gKIG GKFEG YSIyaoé

oUpdates every 12 months to maintain designaticencompassing changes tc
NE3dzt F iA2yaszs adlkyRIFENRAZ YR lFyé Yy
aLYy 21 f S& [tHeelsla PvRst arrayfof@sisting courses and it's abo
influencing through Qualification Wales, influencing the writers of these
qualifications to include decarbonization within them.

The problem often is that qualifications are written and they agnstatic for
years, five years or more. University typically five years before they are
rewritten. Things can change a lot in five years. What you find is that they ¢
review the qualifications and they do upgrade them. However it needs mor:
than that. k needs an acceleration program in colleges and universities and
private sector as well, to ensure we have quality people who can specify, d
monitor, manage, as well as all the installation and maintenance people th¢
with it. Then you have th program on educating the users. It's a huge remit.
really has a huge remit.

Construction Wales Innovation Centre has applied to the Welsh Assembly
Government for four low carbon retrofit training centres, as well as wider
support to embedlecarbonisation technology upskilling into existing Welsh
construction training activities (e.g. college/ universities, apprenticeship
schemes, and as an additional qualification for the existing trained workforc
These training centres would maximiseithmpact by focussing on training
trainers.

For the Welsh training centres, train the trainer schemes will be important t
train people who would then train within that centre, and to cascade it that
way. We want all the educators to have gone througirtithe trainer, and
that train the trainers would be different depending on what it is. So rather
than an individual super trainer, it will be more about groups of people who
specialists in their own fields. This is seen as a relatively quick maodeirpin
GKS GNIAYSNI LINEPINIY Ay dzaAy3 SELIS

Gbxva FT2NJ O NA2dzda NERf Ségrel® doyichsi SEA
AYGSNBSYyidA2y a

! GNIRS&YIY Yl & o0dAaAtR &a2YS SEOSt
view of quality is a nice brickwork. WHag's missed is on the inside that he's
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Pace

Finance

bridged a gap. He doesn't appreciate the real impact of that bridging, not ju
possibly a bit of damp, it's actuallysaynificantthermal bridge problem.

An example was quoted during the interviews from a Welsh @ment and
BRE study on the performance gap of new build, in many cases was 20%
quoted energy efficiency. In theory, that was arefed home, in reality, it was
down as a @ated home. It was due to the quality of the build. The tradesme
may be avery good bricklayer or a very good plasterer but, had inadvertent!

AAAAA

R2yS a2YSGKAy3a GKFG KFR FFFSOGSR

Gt SNKILJAZ ¢KIG 2F0Sy 3Sia FT2NH2G0
We tend to concentrate a lot on the individsill sets needed for insulation o
for heating. Actually, what's important and where we've had problems is qu
often a lack of knowledge of the building structure or systems and a lack of
knowledge of how they all fit together, where the problems tes@me form of
training around the interaction of all of those. The other thing that | think we
always make the mistake of doing is developing energy policy skills, totally
Aaz2tlr A2y FNRY O2yaldNHzOGA2Yy dé

oCovering cost to installevoucher scheme to help people, installers, get
through them. Part of that voucher scheme could be that the installer need:
L& F2NJ LI NI 2F GKS O2dzNBRS G2 akz

dyou need to get trained and have readinappy courses that they don't have
L& F2NJ 0SOFdzaS K2g 2y SIFNIK | NB

G/ 2aida oF NB8& (@& LA Ol-dayf coursél ji wecan gét that m
whole package down to around about £500 for the week, that would seem
workable. Say lost revenue for that week is ~£1,500 total. The total training
cost the installer £2,000f some of this training could be done online, this co
help reduce the lost revenue say if 3 days was in your own time, online anc
@2dzUNB 2yteée Gg2 RIHea 2F f2ai AyoO2

G{YFtt O2YLI yASa Radthéisiaff i lralify sésidds
when they have delivery pressures and need all hands on deck. When wor
down, time is available but money not always. A lot of workers are self
employed, when work is there they are flat out working all hours ofitlye
Best to do as much of the training at the work place (building sites), in shor
dedicated toolbox talk training session to avoid down time to travel to
GNF AYyAy3Ioé

Need to incentives and certificatiogglYou've got to incentivize it though,
that's the thing. The reason they are most trusted is because they have a r
good certification body and solid training behind them. If you have that with
other builders, a certification. | guess that's where theofé coordinator
O02YSa Ay> Aayudid AdGK ,2dz I NB (GKSy

! wnpn GFNBSG YSEya GGKFG GKS LINZ
speed by 2040, and well on the way by 2030, so we have maybe five years
IS0 dzy RSN¥ 123 &l wRzadSANB NI Ay 3 G2

G¢KS OdzZNNByid SO2 TFdzyRAy Iz GKAOK ¢
works, developed five years ago now wasn't developed that way and it's sc
been retrofitted into it, which is less thafeal. There is a policy, it's not really
my joh policy. | don't know what the answers are and we thought Green De
was an answer or there were lots-dfdon't know the answer to that, but wha
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I do know is that it needs to be consistent and long t&fou haven't got the
time anymore, if you want to deliver neéro by 2050, you don't get a chance
to cop the policy. You have to get it right this time, and then it has to be
consistent. | know the challenges of that with governments changing and
thinkingof changing, but the mindset of BEIS in particular, is swung wholly
FNRdzyR yR 0SKAYR (KS 2K2tS | 2dza$s

a 0-40% of ECO funding never makes it to houses, should be managed by
Authoritieg

GwSY20S 9y SNHE adzLllJ ASNE FTNRY (KS
They [could] continue to collect the revenue and ALL of this is given back ti
IA2PSNYYSyYyG G @SN SYyRe ¢KAA Aa 13
of the money to emloy skilled surveyors, Clerk of Works to oversee local
programmes. This way 90% of the money is used in actual energy efficient
YSI adzNBa | yR wmE: dzLla{AfttAy3 €20 ¢
ANRdzy Ré ljdz- £t A& OKSO1 ThHis aorpoity biackangun
25% more of the money into measure delivery. Give companies that spons
F LIIINBYGAOSQa LINA2NRGE Ay [! O0ARa&:
take on trainees and train smaller statztlL.Ja Ay f F NH S NJ LINE

& L Ulfyol theib®gest thing, the biggest thing you could do for humankind
relation to this is to persuade the government to change the funding model
valuation model of social housing, because that's the big rub here. That is 1
thing that makes it vy difficult for social housing landlords to get this whole
thing to stack up, because social housing is valued at about 60% of market
value in terms of the banks, the building societies. Now, it's nonsense. A he
is a house. They value it at that becaws the tenure that there is, "We've got
to fix 10 years for people living in them," but to have a discrepancy of 40%
the value is nonsen¥eYou need to be putting pressure on the banks to start
valuing that property at 85% of market value, becausa atroke that would

FdzyR GKS SYGANB NBUGNRBFAOG LINRPINI YO

Procurement Clients need training in how to procure-sitfte manufactured buildings, and
how to specify lowdD Nb 2y | YR Sy adz2NB® GKFG Ad

Gt NEOdzZNBYSyYy (i &K 2 pbpR, minynam % as pet FAS IRGRS,
YyS6 2N NEBFAZNDAAKYSYyiliod [ 20t odzaAy
score well. To help smaller business with experience, make the larger proje
have a clause to use them as subcontractors managed by the zoggrany,
the larger company then provide the learning / quality control for the smalle
odzaAySaasSazr IAQAYy3I GKSY ¢2N)] | yR

MMC aLiQa y2i OKIFIy3aISR aiayoOS GKS 93e& Ll
another. ExX8 LJ0 6S R2 Al Ay (GKS NI Ay ®é

ODeskilling for MMG The thing that enables that is actually because you are
RSa{AfftAy3a (GKS ALISOATFTAO StSyYSyia
away from the need for a specific trade specialist like a plumber or electrici
and it becomes peess2 NA Sy G F G SRXX® YI 1S AdG a.
so that anyone can do it. That's a key element of how the manufacturing se
actually has moved in the last 40 years in the UK, which is what the constr
industry now needs to do as welE
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Appeal

Coronavirus

GL GKAy | diéees Ndpréa@h td hovirtdabsifiohal, if that's the right
word, how you can transition from trade working into more manufacture lec
working, what the attributes are you're looking for in people and the aptitud
to be able to have tt fluid thinking to think differently about what we might
YSSR Ay GKS Fdzli dzNBdé

GG KSNBE ySSRa (faceto facBendagemetmpsiaXitiGaNaart of
(the installation) role. There's a communication skills component and then
there's the plgsical install, which is actually making sure it all goes together
it's a high quality and it's commissioned and it works. It creates a really
interesting spectrum of different skills that, bearing in mind the nature of the
UK building stock, is massivlhat role at scale is something which is a huge
opportunity for either existing people in the industry or a whole new wave o
people that want to get into the industry and do something completely
RATFSNByY (¢

G¢CKSNBE gAff 0S | yé&dRaphicRy RAI GKS Yy s

GAF @2dz £221 G @2dzNJ KSFGAy3 &ARS
there, oitbased system installers, they're already there. That market is agin
anyway, so there's something that needs to be done to yinog people into

the sector, really appealing to youngsters in gettidgvels, apprenticeships, a
2F GK2aS aoOKSyYSa¢

With a huge imported subontractor base as a % of overall workforce, diver:
id fit and well as choice based on ability to do jihie When there is a shortage
of skilled labour, companies have no interest at all in background, religion,
gender, or any other choice an individual makes, it is all about, can he/she
GKS 220 d¢

G/ 2YLIF yASa GKIFG ¢SNB KIFIy3aaAy3da 2y o6
was bleak before no incentive to take a risk. The Gov needs to ramp up the
measure delivery, spelling this out ASAP so businesses can take that risk,
up once again and taken and train the resources | needs for the long term.
Without an initial, immediate, positive message we could lose 40% + of the
AYRdzZAGNE G2 20KSNJ aSO0G2NAE NBIj dzA NRA

A.1.5 Survey

A smaliscale quantitative studwas devebped through close collaboration with CITB
and BEI®% examine the readiness of businesses within the sector to respond toghe

zerochallenge.

The principal aim of this taskas tohelp verify the information gathering from the
gualitative researchand to verify the extent to which organisations agree with the
findings from the interviews.
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Survey questions were developed and fell under the following themes:
Awareness ofiet-zeroissue

Decarbonisation training status

Propensity towards réraining and/a acquiring new skills

Barriers and gaps potential solutions

Path to Net Zerg format of training, accreditation, qualifications levels

E N

The survey was delivered electronically and distributed via the CITB newsletter, website,
relevant trade organisaticand interviewees who were happy to share the survey.

The survey contained routing to collect data from either-eefiployed tradespeople or
those answering on behalf of an organisation. The data points collected from both sets
of questions were the samé&g allow cross tabulation upon analysis.

In total, there were 281 responses. Findings from the survey were used throughout the
report and a summary of the respondent analytics can be found in Appehdi¥.

A.1.5.1 Headline findings of the survey

As with any such survey, thesults should be treated with some caution, as surveys
tend to be answered by the sort of people who answer surveys; in this case, this may
have biased the results towards those that were more engaged and enthusiastic about
net.-zero.

The survey highlighted both an interest in decarbonisation and appetite for retraining
and upskilling in the field. It was clear that the sector believes it has a good
understandingof the importance of decarbonisation and how it will need to alpan

with:

1 75% believing that decarbonisation of the built environment was either very
important or important to the company that they worked for, or to themselves
when selfemployed;

1 70% saying they had a good or very good understanding of how theyeed|to
change as the result of the need to decarbonise the built environment; and

1 78% believing that there is a skills gap in their occupation/profession for
decarbonisation work.

The most significant reasons for decarbonisation skills gaps in their profisswere
listed as lack of training, lack of funding for training, regulation changes and lack of
standards.

A high percentage (73%) also believed that they knew the skills they needed to

contribute to the decarbonisation of the built environment. Appiroately 90% stating

they would be willingtoréi N} Ay~ 4 RSYFIYR F¥2NJ ySg NRf Sa
future. A similar percentage were willing to diversify their business offer or profession,

for example, changing from a plumber to an electricianeil funding to cover some

or all of the cost of training; and receiving an accredited qualification were seen as the

most important factors when undertaking decarbonisation retraining or upskill. 40%
believing that offsite short duration training was thpreferred method of training
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delivery, followed by vocational training (27%), online (18%)agpdenticebased
learning (15%).

I GKANR 2F (GK2a$S AYyUSNWASGSR adlridSR GKI

any decarbonisation related trainingVhere training was being provided by their
company the most regularly reported areas were in: domestic energy efficiency retrofit;
low/zero energy new build, e.g. Passivhaus; and clean heat design, installation or
maintenance (e.g. air source heat pumpgmass). The most common barriers that
prevented them from getting training on decarbonisation were: cost of training; lack of
time; lack of government funding; and lack of understanding of wiedzerowas.

When asked if they had the required skillsddmowledge to install, the following
measures were the most commonly identified by tlespondens: loft, cavity wall,

external solid wall, internal wall and floor insulation (solid and suspended), heat pumps
and solar thermal. The lowest responses bdorhydrogen/ biogas, and heat networks.

Offsite construction and improved whole building post construction testing were seen as
the most important nortraditional methods to assist with the transition to
decarbonisation of the built environment. With chges to building standards and
competency of installers being the key areas to ensure buildings perform to the required
standard.

In terms of the best way to address the increased demandKoled labouin
decarbonisation of the built environment thegahree areas to target were: existing
employees; school leaver/apprenticeships; and female talent. With better training and
clearer career progression as the two most significant approaches required to attract
more people to address theet-zeroskills slortage.

The government and industry association/bodies were clearly identified as those
needing to take the lead in addressing any potential skills gaps related to
decarbonisation of the built environment.

A.1.5.2 Full survey response

The survey structure askedigstions of respondents in their capacity asiunduals or
on behalf of a business. In the following table the left side contains responses from
individuals, withbusiness responses on the riglAis the set of questions is otherwise
similar, the responseare presented side by side.
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Self-employed

Q1. Please select the UK
Region where you work
most of the time.

Answer Choices
East

East Midlands
London

North East
North West
Northern Ireland
Scotland

South East
South West
Wales

West Midlands
Yorkshire And The Humber

Responses
747% | 21
4.63% | 13

23.49% | 66
2.14% 6

11.74% | 33
3.20% 9

12.81% | 36
9.25% | 26
9.96% | 28
6.05% | 17
2.85% 8
6.41% | 18

Answered | 281

Employer

Q2. Please select the category that best describes how you will be answering this q

you are currently out of work,
Answer Choices

As a self employed
tradesperson, or person
employed by a company

On behalf of a company
which employs others in the
Construction industry

Q3. What is your
occupation/profession?

Answer Choices

Architect

Bricklayer

Building envelope specialist
Civil engineer

Construction project
manager

Construction trades
supervisor

Electrical trade and
installation

Floorer
Glazier
Other Labourer

Logistics

Building Skills for Net-Zero

please select whichever best describes your normal working status.

Responses

31.67%

68.33%

Answered

Responses
20.00%
0.00%
4.00%
2.67%

6.67%
1.33%

0.00%

0.00%
1.33%
2.67%
0.00%

89

192

281

15
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Q47. Which of the following
occupations/professions
are employed by your
company? Please select all
that apply.

Answer Choices

Architect

Bricklayer

Building envelope specialist
Civil engineer

Construction project
manager

Construction trades
supervisor

Electrical trade and
installation

Floorer

Glazier

Other Labourer
Logistics

uestionnaire. If

Responses
27.74%
21.29%
18.06%
27.10%

41.29%
32.26%

20.65%

8.39%
9.03%
30.97%
9.68%

128

43
33
28
42

64

50

32

13
14
48
15



Self-employed

Other Civil engineering
operative e.g. road and rail
construction operatives,
quarry workers

Non-construction operative
e.g. metal working,
assemblers, street cleaners,
cleaners and domestics.

Non-construction
professional, technical, IT
and other office-based staff
e.g. IT technicians, Human
Resources personnel,
Administrators, Finance
and Accounts, Legal
Other Civil engineering
operative e.g. road and rail
construction operatives,
quarry workers

Other construction process
manager e.g. production
managers and directors,
health and safety officers

Other construction
professional and technical
staff e.g. mechanical and
electrical engineers,
engineering technicians,
architectural and town
planning technicians
Other specialist building
operative e.g. industrial
cleaning processes,
construction operatives and
skilled trades not already
listed

Painter and decorator

Plant mechanic/fitter

Plant operative

Plasterer

Plumbing and HVAC Trades
Roofer

Scaffolder

Senior, executive, and
business process manager
Steel erector/structural
fabrication

Surveyor

Wood trades and interior fit-
out

Building Skills for Net-Zero

0.00%

0.00%

16.00%

1.33%

4.00%

16.00%

0.00%

1.33%
0.00%
1.33%
0.00%
0.00%
0.00%

0.00%

6.67%

0.00%

8.00%

6.67%

Answered

12

12

OO O O O+ O

75

Employer

Non-construction operative
e.g. metal working,
assemblers, street cleaners,
cleaners and domestics.
Non-construction
professional, technical, IT
and other office-based staff
e.g. IT technicians, Human
Resources personnel,
Administrators, Finance
and Accounts, Legal

Other Civil engineering
operative e.g. road and rail
construction operatives,
quarry workers

Other construction process
manager e.g. production
managers and directors,
health and safety officers
Other construction
professional and technical
staff e.g. mechanical and
electrical engineers,
engineering technicians,
architectural and town
planning technicians

Other specialist building
operative e.g. industrial
cleaning processes,
construction operatives and
skilled trades not already
listed

Painter and decorator

Plant mechanic/fitter

Plant operative

Plasterer

Plumbing and HVAC Trades
Roofer

Scaffolder

Senior, executive, and
business process manager
Steel erector/structural
fabrication

Surveyor

Wood trades and interior fit-
out

10.32%

47.10%

8.39%

32.90%

32.90%

20.65%

17.42%

12.26%
17.42%
18.71%
14.19%
13.55%

9.03%

29.03%

8.39%

30.97%

21.29%

Answered

129

16

73

13

51

51

32

27

19
27
29
22
21
14

45

13

48

33

155



Self-employed

Q4. What is your highest
level of education?

Answer Choices
Manufacturer training

Short duration course

NVQ Level 1 equivalent e.g.
3/4 GCSE grades D-G

NVQ Level 2 equivalent e.g.
4-5 GCSE grades A*-C

NVQ Level 3 equivalent e.g.
A Levels, AVCE, BTEC
National,
Certificate/Diploma,
Vocational A-Levels, An
ONC (Ordinary National
Certificate) and OND
(Ordinary National Diploma)
NVQ Level 4 equivalent e.g.
Higher Education
Certificate/BTEC. Full
technical certificate, BTEC,
HND/HNC

NVQ Level 5 equivalent e.g.
Higher Education
Diploma/Foundation
Degree, Level 5vocational
awards, IVQ Advanced
Technician Diploma

NVQ Level 6 or above
Bachelors

Masters

Doctorate

None of the above
Other (please specify)

Q5. How many people are
employed in company that
you work for?

Answer Choices
Self-employed
2-9

10-24

25-49

50-99

100-249

250+

Building Skills for Net-Zero

Responses
1.33%
0.00%

0.00%

4.00%

1.33%

9.33%

6.67%

5.33%
29.33%
28.00%

6.67%

1.33%

6.67%

Answered

Responses
53.33%
13.33%
5.33%
4.00%
2.67%
2.67%
18.67%
Answered

22
21

75

40
10

14
75

Employer

Q48. How many people are
employed at your
company?

Answer Choices
1-9

10-24

25-49

50-99

100-249

250+

Responses
23.23% | 36
16.13% | 25
12.90% | 20
8.39% | 13
12.90% | 20
26.45% 41
Answered | 155

130



Self-employed

Q6. What was the annual
revenue of the company
you work for, or your own
self employed revenue, last
year?

Answer Choices

Less than £50K

£50K - £99K

£100K - 199K

£200K - £499K

£500 - £999

£1M - £1.9M

£2M - £4.9M

£5M - £9.9M

£10M or more

Unsure

Other (please specify)

Q7. What is the main
activity of your company?
Answer Choices

Building completion and
finishing

Specialised construction
activities

Electrical, plumbing and
other construction
installation activities
Construction of residential
and non-residential
buildings

Construction of roads and
railways (and airport
runways)

Construction of utility
projects

Construction of other civil
engineering projects
Demolition and site
preparation

Development of building
projects

Retail / hire of construction
materials

Architecture, Planning or
Surveying

Engineering or technical
consultancy

Project management

None of the above

Building Skills for Net-Zero

Responses
37.33%
18.67%
6.67%
4.00%
2.67%
1.33%
2.67%
0.00%
13.33%
13.33%
0.00%
Answered

Responses

2.67%

6.67%

1.33%

9.33%

2.67%

2.67%
0.00%
0.00%
4.00%
0.00%
22.67%

14.67%

6.67%
0.00%

28
14

O N P N W O,

10
10

75

17

11

Employer

Q49. What was the annual
revenue for your company
last year?

Answer Choices
Less than £50K
£50K - £99K
£100K - 199K
£200K - £499K
£500 - £999
£1IM - £1.9M
£2M - £4.9M
£5M - £9.9M
£10M or more
Unsure

Q46. What is the main
activity of your company?
Answer Choices

Building completion and
finishing

Specialised construction
activities

Electrical, plumbing and
other construction
installation activities
Construction of residential
and non-residential
buildings

Construction of roads and
railways (and airport
runways)

Construction of utility
projects

Construction of other civil
engineering projects
Demolition and site
preparation

Development of building
projects

Retail / hire of construction
materials

Architecture, Planning or
Surveying

Engineering or technical
consultancy

Project management
None of the above

Responses
3.23% 5
2.58% 4
4.52% 7
8.39% 13
7.10% 11
9.68% 15

10.32% 16

10.32% 16

32.26% | 50

11.61% 18

Answered | 155

Responses
8.39% 13
9.03% 14
3.23% 5

16.77% | 26
2.58% 4
2.58% 4
5.16% 8
1.94% 3
3.23% 5
1.94% 3

12.26% 19
6.45% 10
3.23%
0.00%
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Self-employed
Other (please specify)

Q8. In which one of the
following disciplines has
most of your work been in
the last 12 months?

Answer Choices

Construction - New house
building

Construction - Housing
repair, maintenance and
improvement, including
extensions and loft
conversions

Construction - Commercial
and retail work such as
shops, offices and leisure
facilities

Construction - Industrial
work such as factories and
warehouses

Construction - Civil
engineering and
infrastructure projects such
as roads, bridges, airports,
stadiums etc

Construction - Public sector
work specifically health and
education facilities
Construction - Historic
Buildings (pre 1919)
Construction - Energy
efficiency retrofit

Professional - Architects

Professional - Quantity
Surveyors
Professional - Other
surveying

Professional - Building
service engineers
Professional -
Planners/town planners
Professional - Project
Managers

Professional - Multi
disciplinary practices

Unsure
Other (please specify)

Q9. Are you involved in the
following areas of
importance for delivering
built environment
decarbonisation? Please
select all that apply.

Answer Choices

Building Skills for Net-Zero

26.67%
Answered

Responses

12.00%

14.67%

4.00%

0.00%

5.33%

1.33%

2.67%

10.67%
12.00%
0.00%

5.33%
1.33%
2.67%
5.33%

10.67%

0.00%
12.00%
Answered

Responses

20
75

11

75

Employer
Other (please specify)

Q50. In which one of the
following disciplines has
most of your business been
in the last 12 months?

Answer Choices

Construction - New house
building

Construction - Housing
repair, maintenance and
improvement, including
extensions and loft
conversions

Construction - Commercial
and retail work such as
shops, offices and leisure
facilities

Construction - Industrial
work such as factories and
warehouses

Construction - Civil
engineering and
infrastructure projects such
as roads, bridges, airports,
stadiums etc

Construction - Public sector
work specifically health and
education facilities
Construction - Historic
Buildings (pre 1919)
Construction - Energy
efficiency retrofit

Professional - Architects

Professional - Quantity
Surveyors
Professional - Other
surveying

Professional - Building
service engineers
Professional -
Planners/town planners
Professional - Project
Managers

Professional - Multi
disciplinary practices

Unsure
Other (please specify)

Q51. Is your

company involved in any of
the following areas of
importance to delivering
built environment
decarbonisation? Please
select all the apply.

Answer Choices

23.23% 36
Answered | 155
Responses
14.19% 22
14.19% 22
10.97% 17
1.94% 3
10.32% 16
4.52% 7
5.81% 9
9.68% 15
5.16% 8
0.00% 0
1.29% 2
0.00% 0
0.65% 1
0.00% 0
9.03% 14
2.58% 4
9.68% 15
Answered | 155
Responses
132



Self-employed

Domestic energy efficiency
retrofit

Non-domestic energy
efficiency retrofit

Clean heat design,
installation or maintenance
(e.g. air source heat pumps,
biomass)

Low/Zero energy new build,
e.g. Passivhaus

Heat network design and
installation

Energy monitoring

Offsite construction

No, | do not work in any of
the above

Other. Please provide
details of the work that you
do.

Q10. How would you rate
your understanding of how
you will need to change as
the result of the need to
decarbonise the built
environment?

Poor
Deficient
Fair

Good

Very Good
Total

Q11. How important is
decarbonisation of the built
environment to the
company that you work for,
or to yourself as a self
employed tradesperson?

Not important at all
Slightly important
Moderately important
Important

Very important

Total

Building Skills for Net-Zero

47.95%

34.25%

21.92%

46.58%

10.96%
26.03%
20.55%
19.18%

10.96%

Answered

2.74%
4.11%
23.29%
32.88%
36.99%

Answered

2.74%
2.74%
19.18%
19.18%
56.16%

Answered

35

25

16

34

19
15

14

73

17
24
27
73
73

14
14
41
73
73

Employer

Domestic energy efficiency
retrofit

Non-domestic energy
efficiency retrofit

Clean heat design,
installation or maintenance
(e.g. air source heat pumps,
biomass)

Low/Zero energy new build,
e.g. Passivhaus

Heat network design and
installation

Energy monitoring

Offsite construction

No, I do not work in any of
the above

Other. Please provide
details of the work that you
do.

Q52. How would you rate
your understanding of how
your business will change
as the result of the need to
decarbonise the built
environment?

Poor
Deficient
Fair

Good

Very Good
Total

Q53. How important is
decarbonisation of the built
environment to the
company that you work for,
or to yourself as a self
employed tradesperson?

Not important at all
Slightly important
Moderately important
Important

Very important

Total

41.55%

35.92%

28.17%

33.10%

15.49%

26.06%
30.99%

20.42%

13.38%

Answered

2.11%
7.75%
29.58%
38.03%
22.54%
142
Answered

2.11%
4.93%
17.61%
23.94%
51.41%

Answered

133

59

51

40

47

22

37
44

29

19

142

11
42
54
32

142

25
34
73
142
142



Self-employed

Q12. Are you aware of what
skills you will need to help
you contribute to the
decarbonisation of the built
environment?

Answer Choices
Yes
No

Q13. Have

you received training in any
areas of

decarbonisation? Please
select the area(s) of training
that you have completed.

Answer Choices

Domestic energy efficiency
retrofit

Non-domestic energy
efficiency retrofit

Clean heat design,
installation or maintenance
(e.g. air source heat pumps,
biomass)

Low/Zero energy new build,
e.g. Passivhaus

Heat network design and
installation

Energy monitoring

Offsite construction

| have not received any
training
Other (please specify)

Q14. What factors
influenced your decision to
get training for
decarbonisation? Please
select all that apply.
Answer Choices
Increasing demand from
employees

Increasing demand from
customers

Awareness of climate
change and its impacts

Government funding

Recognise a market
opportunity

Building Skills for Net-Zero

Responses
79.45%
20.55%
Answered

Responses

50.68%

24.66%

21.92%

41.10%

8.22%

17.81%
20.55%

21.92%

16.44%
Answered

Responses

1.75%
19.30%

71.93%
12.28%
42.11%

58
15
73

37

18

16

30

13
15

16

12
73

11

41

24

Employer

Q54. Are you aware of what
skills your business will
need to help you contribute
to the decarbonisation of
the built environment?

Answer Choices
Yes
No

Q55. Does the company you
work for provide training on
any areas of
decarbonisation? Please
select the area(s) of training
that you have provided.

Answer Choices

Domestic energy efficiency
retrofit

Non-domestic energy
efficiency retrofit

Clean heat design,
installation or maintenance
(e.g. air source heat pumps,
biomass)

Low/Zero energy new build,
e.g. Passivhaus

Heat network design and
installation

Energy monitoring

Offsite construction

We do not provide any
training
Other (please specify)

Q56. What influenced your
decision provide

training for decarbonisation
to your employees? Please
select all that apply.
Answer Choices
Increasing demand from
employees

Increasing demand from
customers

Awareness of climate
change and its impacts

Government funding

Recognise a market
opportunity

Responses
69.72% | 99
30.28% | 43
Answered | 142

Responses
33.10% | 47
21.83% 31
19.01% | 27
22.54% | 32
7.04% | 10
14.08% | 20
15.49% | 22
40.85% | 58
15.49% | 22
Answered | 142

Responses
24.14% 21
43.68% | 38
67.82% | 59
12.64% 11
45.98% 40

134



Self-employed

Identified skills gaps
Changing building
standards or regulations
Other (please specify)

Q15. Were there any
barriers that prevented you
from getting training for
decarbonisation? Please
select all that apply.

Answer Choices

Cost of training

Lack of time

Lack of government funding

Lack of interest

Don't see any potential for
improvement to salary
Don't see any potential for
improvement to career
opportunities

Lack of status in industry

Lack of accreditation

Lack of understanding of
what net-zero is

Q16. Have you needed to
reskill/retrain in the last 5
years (with regard to all
training, not specific to
decarbonisation)?

Answer Choices
Yes
No

Q17. What type of training
did you complete to
reskill/retrain? Please select
all that apply.

Answer Choices
Manufacturer training

Short duration course

NVQ Level 1 equivalent e.g.
3/4 GCSE grades D-G

NVQ Level 2 equivalent e.g.
4-5 GCSE grades A*-C

Building Skills for Net-Zero

38.60%
38.60%

12.28%
Answered

Responses
35.71%
57.14%
21.43%

7.14%

7.14%

7.14%

14.29%
0.00%

21.43%

Answered

Responses
49.30%
50.70%
Answered

Responses
14.29%
42.86%

0.00%

2.86%

22
22

57

P P W 00 O

14

35
36
71

15

Employer

Identified skills gaps
Changing building
standards or regulations
Other (please specify)

Q57. Were there any
barriers that prevented you
from providing training for
decarbonisation? Please
select all that apply.

Answer Choices

Cost of training

Lack of time

Lack of government funding

Lack of interest

Don't see any potential for
improvement to salary
Don't see any potential for
improvement to career
opportunities

Lack of status in industry

Lack of accreditation

Lack of understanding of
what net-zero is

Q58. Have you needed to
reskill/retrain your
employees within the last 5
years (with regard to all
training, not specific to
decarbonisation)?

Answer Choices
Yes
No

Q59. What type of training
did they complete to
reskill/retrain? Please select
all that apply.

Answer Choices
Manufacturer training

Short duration course

NVQ Level 1 equivalent e.g.
3/4 GCSE grades D-G

NVQ Level 2 equivalent e.g.
4-5 GCSE grades A*-C

42.53% | 37
41.38% | 36
9.20% 8
Answered 87
Responses
35.29% 6
41.18% 7
41.18% 7
5.88% 1
5.88% 1
5.88% 1
17.65% 3
5.88%
47.06% 8
Answered 17
Responses
73.79% | 76
26.21% | 27
Answered | 103
Responses
24.00% | 18
72.00% | 54
8.00% 6
24.00% | 18
135



Self-employed

NVQ Level 3 equivalent e.g.
A Levels, AVCE, BTEC
National,
Certificate/Diploma,
Vocational A-Levels, An
ONC (Ordinary National
Certificate) and OND
(Ordinary National Diploma)
NVQ Level 4 equivalent e.g.
Higher Education
Certificate/BTEC. Full
technical certificate, BTEC,
HND/HNC

NVQ Level 5 equivalent e.g.
Higher Education
Diploma/Foundation
Degree, Level 5vocational
awards, IVQ Advanced
Technician Diploma

NVQ Level 6 or above
Bachelors

Masters

Doctorate

Other (please specify)

Q18. Through which
training provider was the
course delivered?

Answer Choices

Work based/In-house
course

College
Private provider
Manufacturer

Q19. Would you be willing
to re-train, as demand for
new roles and skills
changes in the future?

Answer Choices

Yes

No, please provide details
why not

Building Skills for Net-Zero

2.86%

0.00%

20.00%

11.43%
5.71%
8.57%
2.86%

25.71%

Answered

Responses
25.71%

22.86%
42.86%
8.57%
Answered

Responses
86.67%

13.33%

Answered

© B W N b

35

15

35

52
8
60

Employer
NVQ Level 3 equivalent e.g.
A Levels, AVCE, BTEC
National,
Certificate/Diploma,
Vocational A-Levels, An
ONC (Ordinary National
Certificate) and OND
(Ordinary National Diploma)
NVQ Level 4 equivalent e.g.
Higher Education
Certificate/BTEC. Full
technical certificate, BTEC,
HND/HNC
NVQ Level 5 equivalent e.g.
Higher Education
Diploma/Foundation
Degree, Level 5vocational
awards, IVQ Advanced
Technician Diploma

NVQ Level 6 or above
Bachelors

Masters

Doctorate

None of the above
Other (please specify)

Q60. Through which
training provider was the
course delivered?
Answer Choices

Work based/In-house
course

College

Private provider
Manufacturer

Other (please specify)

Q61. Would you be willing
to re-train your employees,
as demand for new roles
and skills changes in the
future?

Answer Choices

Yes

No, please provide details
why not

22.67%

18.67%

16.00%

9.33%
10.67%
13.33%

5.33%

5.33%
16.00%

Answered

Responses
30.67%

13.33%
33.33%
4.00%
18.67%
Answered

Responses
96.70%

3.30%

Answered

136

17

14

12

10

12
75

23

10
25

14
75

88
3
91



Self-employed

Q20. Would you be willing
to diversify your business
offer or profession, as
demand for new roles and
skills changes in the
future? For example,
changing from a plumber to
an electrician.

Answer Choices
Yes

No, please provide details
why not

Q21. Which of the following
measures do you feel you
currently have the required
skills and knowledge to
install? Please select all
that apply.

Answer Choices
Loft insulation

Cavity wall insulation

External Solid wall
insulation

High-rise cladding
Internal wall insulation

Floor insulation (solid and
suspended)

Glazing

Hydrogen, biogas
Direct electric heating
Heat pumps

Heat networks
Thermal storage

Heat distribution
On-site generation
Smart systems

Solar thermal

Airtightness and heat
recovery

Other (please specify)

Building Skills for Net-Zero

Responses
81.67%

18.33%

Answered

Responses
48.33%
25.00%

31.67%

8.33%
33.33%

38.33%

21.67%
1.67%
5.00%

18.33%
6.67%

16.67%
8.33%

10.00%

13.33%

23.33%

33.33%

45.00%
Answered

49
11
60

29
15

19

20
23
13

11

10

14
20

27
60

Employer

Q62. Would you be willing
to diversify your business
offer, as demand for new
roles and skills changes in
the future?

Answer Choices

Yes

No, please provide details
why not

Q63. Which of the following
measures do you feel your
employees have the
required skills and
knowledge to install?
Please select all that apply.

Answer Choices
Loft insulation

Cavity wall insulation

External Solid wall
insulation

High-rise cladding
Internal wall insulation

Floor insulation (solid and
suspended)

Glazing

Hydrogen, biogas
Direct electric heating
Heat pumps

Heat networks
Thermal storage

Heat distribution
On-site generation
Smart systems

Solar thermal

Airtightness and heat
recovery

Other (please specify)

Responses
93.41%

6.59%

Answered

Responses
42.86%
28.57%

41.76%

16.48%
45.05%

41.76%

28.57%

5.49%
18.68%
30.77%
14.29%
18.68%
15.38%
17.58%
16.48%
25.27%

30.77%

38.46%
Answered

137

85
6
91

39
26

38

15
41

38
26

17
28
13
17
14
16
15
23

28

35
91



Self-employed

Q22. What factors would be
important to you, if you
were to retrain or upskill to
ainstall a new measure in
the future? Please select all
that apply.

Answer Choices

Cost of training

Builds on existing skills
Within the local area
geographically

Availability of online
training

Duration of training
Accredited qualification

Other (please specify)

Q23. How interested would
you bein

completing training for
decarbonisation?

Not at all interested

Not really interested
Neutral

Somewhat interested
Very interested

Total

Q24. How easy or difficult
do you think it would be to
learn the skills needed for
decarbonisation?

Very difficult

Quite difficult

Neutral

Quite easy

Very easy

Total

Q25. Who do you think
should be responsible for
keeping skills updated?

Answer Choices

Self-employed
Individual workers

Building Skills for Net-Zero

Responses
71.67%
58.33%

40.00%

55.00%

40.00%
65.00%
10.00%
Answered

3.33%
3.33%
15.00%
26.67%
51.67%

Answered

3.33%
15.00%
31.67%
30.00%
20.00%

Answered

Responses

33.33%

43
35

24

33

24
39

60

16
31
60
60

19
18
12
60
60

20

Employer

Q64. What factors would be
important to you, if you
were to retrain or upskill
employees to install a new
measure in the

future? Please select all
that apply.

Answer Choices
Cost of training

Builds on existing skills
Within the local area
geographically
Availability of online
training

Duration of training
Accredited qualification

Other (please specify)

Q65. How interested would
you be in offering training
for decarbonisation to your
employees?

Not at all interested

Not really interested
Neutral

Somewhat interested

Very interested

Total

Q66. How easy or difficult
do you think it would be for
your employees to take on
the skills needed for
decarbonisation?

Very difficult
Quite difficult
Neutral

Quite easy
Very easy
Total

Q67. Who do you think
should be responsible for
keeping skills updated?

Answer Choices

Employer
Individual workers

Responses
62.64%
53.85%

45.05%

47.25%

48.35%
63.74%
15.38%
Answered

1.10%
3.30%
10.99%
32.97%
51.65%

Answered

2.20%
10.99%
32.97%
37.36%
16.48%

Answered

Responses

18.68%

138

57
49

41

43

44
58
14
91

10
30
47
91
91

10
30
34
15
91
91

17



Employers
Government
Other (please specify)

Q26. In addition to your
technical skills, what are
the top 3 soft skills that are
needed to work in your
profession?

Answer Choices
Problem-solving

Communication skills

Building relationships and a
reputation in a team
environment

Influencing skills
Commercial awareness

Organisation and time
management

Adaptability and flexibility
Creativity and innovation
Digital skills
Entrepreneurial skills
Conflict management

Q27. To help deliver
decarbonisation work, what
are the top 3 soft skills that
you think you would need
to develop/improve in your
profession?

Answer Choices
Problem-solving

Communication skills

Building relationships and a
reputation in a team
environment

Influencing skills

Commercial awareness

Organisation and time
management

Adaptability and flexibility
Creativity and innovation
Digital skills

Self-employed
Entrepreneurial skills

Building Skills for Net-Zero

30.00%
25.00%
11.67%
Answered

Responses
71.67%
58.33%

25.00%

8.33%
23.33%

26.67%

36.67%
30.00%
11.67%
3.33%
5.00%
Answered

Responses
41.67%
36.67%

18.33%

36.67%
41.67%

16.67%

43.33%
35.00%
13.33%

11.67%

18
15

60

43
35

15

14
16

22
18

60

25
22

11

22
25

10

26
21

Employers
Government
Other (please specify)

Q68. In addition to the
technical skills, what are
the top 3 soft skills that are
needed to work in the area
in which your company
operates?

Answer Choices
Problem-solving

Communication skills

Building relationships and a
reputation in a team
environment

Influencing skills
Commercial awareness

Organisation and time
management

Adaptability and flexibility
Creativity and innovation
Digital skills
Entrepreneurial skills
Conflict management

Q69. To help deliver
decarbonisation of the built
environment, what are the
top 3 soft skills that you
think you would need

to develop/improve in your
profession?

Answer Choices
Problem-solving

Communication skills

Building relationships and a
reputation in a team
environment

Influencing skills

Commercial awareness

Organisation and time
management

Adaptability and flexibility
Creativity and innovation
Digital skills

Employer
Entrepreneurial skills

67.03%
7.69%
6.59%

Answered

Responses
56.04%
54.95%

30.77%

16.48%
24.18%

26.37%

34.07%
31.87%
16.48%
3.30%
5.49%
Answered

Responses
40.66%
38.46%

28.57%

32.97%
25.27%

15.38%

40.66%
40.66%
19.78%

8.79%

139

61

91

51
50

28

15

22

24

31
29
15

91

37
35

26

30
23

14

37
37
18



Conflict management

Q28. Do you believe there is
a skills gap in your
occupation/profession for
decarbonisation work?

Answer Choices

No

Yes, please specify the
occupation and the skills
that are missing.

Q29. What do you feel are
the main reasons for any
decarbonisation skills gaps
in your profession? Please
select all that apply.
Answer Choices

Ageing and retiring
workforce

Lack of apprenticeship
opportunities

Lack of talent familiar with
new automation and
digitalisation technology
Lack of long term career
stability

Lack of accreditations

Lack of standards
Lack of training
Lack of career path
Regulation changes

Lack of funding for training
Existing prejudice within
the industry makes it
unappealing

Lack of interest in adapting
to new technologies or
methods of working

Lack of demand for net-zero
skills

Other (please specify)

Building Skills for Net-Zero

5.00%
Answered

Responses
20.34%

79.66%

Answered

Responses

21.28%

27.66%

8.51%

23.40%

19.15%
38.30%
51.06%
10.64%
29.79%
57.45%

34.04%

57.45%

42.55%

23.40%
Answered

60

12

47

59

10

13

11

18
24

14
27

16

27

20

11
a7

Conflict management

Q70. Do you believe there is
a skills gap in your
occupation/profession

for decarbonisation work?

Answer Choices

No

Yes, please specify the
occupation and the skills
that are missing.

Q71. What do you feel are
the main reasons for

any decarbonisation skills
gaps in your sector? Please
select all that apply.
Answer Choices

Ageing and retiring
workforce

Lack of apprenticeship
opportunities

Lack of talent familiar with
new automation and
digitalisation technology
Lack of long term career
stability

Lack of accreditations

Lack of standards
Lack of training
Lack of career path
Regulation changes

Lack of funding for training
Existing prejudice within
the industry makes it
unappealing

Lack of interest in adapting
to new technologies or
methods of working

Lack of demand for net-zero
skills

Other (please specify)

8.79%
Answered

Responses
23.33%

76.67%

Answered

Responses

30.00%

24.44%

15.56%

22.22%

18.89%
34.44%
37.78%
20.00%
25.56%
34.44%

17.78%

30.00%

32.22%

16.67%
Answered

140

91

21

69

90

27

22

14

20

17
31
34
18
23
31

16

27

29

15
90



Self-employed

Q30. How would you best
resolve any potential skills
gaps related to
decarbonisation of the built
environment?

Only by retraining
Mainly by retraining
Equal mix hiring and
retraining

Mainly by hiring
Only by hiring

Total

Q31. Which of the following
would be the best way to
address the increased
demand for skilled labour in
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices

Artificial Intelligence and
automation

School leavers -
apprenticeships

Female talent

Graduates

Recruit from other sectors
Overseas talent

Existing employees
Sub-contractors

Other (please specify)

Q32. How would you attract
more people to address the
net-zero skills

shortage? Please select all
that apply.

Answer Choices
Better training
Clearer career progression

Introduce Diversity policies

Increase renumeration and
benefits packages

Mentorship schemes

More efficient working
practices

Self-employed
Partnerships with trainers

Building Skills for Net-Zero

10.64% 5
40.43% | 19
46.81% | 22
2.13%
0.00%
47

Answered 47

Responses
17.86% 10
69.64% | 39
53.57% | 30
48.21% | 27
46.43% | 26
7.14% 4
64.29% | 36
23.21% | 13
19.64% | 11

Answered 56

Responses

78.57% | 44
53.57% 30
19.64% | 11
37.50% | 21
44.64% | 25
48.21% | 27
46.43% 26

Employer

Q72. How would your
company best resolve any
potential skills gaps related
to decarbonisation of the
built environment?

Only by retraining
Mainly by retraining
Equal mix hiring and
retraining

Mainly by hiring
Only by hiring

Total

Q73. Which of the following
would be the best way to
address the increased
demand for skilled labour in
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices

Artificial Intelligence and
automation

School leavers -
apprenticeships

Female talent

Graduates

Recruit from other sectors
Overseas talent

Existing employees
Sub-contractors

Other (please specify)

Q74. How would you attract
more people to address the
net-zero skills

shortage? Please select all

that apply.

Answer Choices
Better training
Clearer career progression

Introduce Diversity policies

Increase renumeration and
benefits packages

Mentorship schemes

More efficient working
practices

Employer
Partnerships with trainers

7.78%
37.78%

47.78%

5.56%
1.11%

Answered

Responses

13.48%

60.67%

37.08%
35.96%
37.08%
11.24%
64.04%
38.20%
14.61%
Answered

Responses
69.66%
55.06%
14.61%

23.60%
33.71%
33.71%

26.97%

141

34
43

90
91

12

54

33
32
33
10
57
34
13
89

62
49
13

21
30
30

24



Improve working conditions
by using Modern Methods
of Construction (MMC)

Other (please specify)

Q33. Who do you think
should take the lead in
addressing any potential
skills gaps related to
decarbonisation of the built
environment?

Answer Choices

Government

Industry associations and
bodies

Individual workers
Individual businesses
Higher Education
Secondary schools
Further education colleges

Q34. What level of training
would you expect to be
required to work in
decarbonisation measures?

Answer Choices
Manufacturer training

Short duration course

NVQ Level 1 equivalent e.g.
3/4 GCSE grades D-G

NVQ Level 2 equivalent e.g.
4-5 GCSE grades A*-C

NVQ Level 3 equivalent e.g.
A Levels, AVCE, BTEC
National,
Certificate/Diploma,
Vocational A-Levels, An
ONC (Ordinary National
Certificate) and OND
(Ordinary National Diploma)
NVQ Level 4 equivalent e.g.
Higher Education
Certificate/BTEC. Full
technical certificate, BTEC,
HND/HNC

Building Skills for Net-Zero

44.64%

21.43%
Answered

Responses
50.00%
26.79%
3.57%
7.14%
7.14%
0.00%
5.36%
Answered

Responses
5.66%
9.43%

3.77%

5.66%

15.09%

9.43%

25

12
56

28
15

w o A~ BN

56

Improve working conditions
by using Modern Methods
of Construction (MMC)

Other (please specify)

Q75. Which of the following
groups or institutions
should take the lead in
addressing any potential
skills gaps related to
decarbonisation of the built
environment?

Answer Choices

Government

Industry associations and
bodies

Individual workers
Individual businesses
Higher Education
Secondary schools
Further education colleges

Q76. What level of training
would you expect to be
required to work in
decarbonisation measures?

Answer Choices
Manufacturer training

Short duration course

NVQ Level 1 equivalent e.g.
3/4 GCSE grades D-G

NVQ Level 2 equivalent e.g.
4-5 GCSE grades A*-C

NVQ Level 3 equivalent e.g.
A Levels, AVCE, BTEC
National,
Certificate/Diploma,
Vocational A-Levels, An
ONC (Ordinary National
Certificate) and OND
(Ordinary National Diploma)
NVQ Level 4 equivalent e.g.
Higher Education
Certificate/BTEC. Full
technical certificate, BTEC,
HND/HNC

19.10%

15.73%

Answered

Responses
52.81%
26.97%
2.25%
8.99%
4.49%
3.37%
1.12%
Answered

Responses
6.41%
19.23%

3.85%

16.67%

15.38%

5.13%

142

17

14
89

47
24

R W A~ 00N

89

15

13

12



Self-employed

NVQ Level 5 equivalent e.g.
Higher Education
Diploma/Foundation
Degree, Level 5 vocational
awards, IVQ Advanced
Technician Diploma

NVQ Level 6 or above
Bachelors

Masters

Doctorate

None of the above
Other (please specify)

Q35. In addition to training,
what else would help
ensure required standards
are met to deliver the
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices
Membership of a

trade association
Continuous updating of
skills through regulated
certification e.g.

Wiring Regulations
Industry-set base level of
gualification required for
decarbonisation work
Previous experience of
working in the field.

Other (please specify)

Q36. What would
incentivise you to receive
further training on
decarbonisation? Please
select all that apply.

Answer Choices

Financial compensation for
loss of earnings

Funding from external
source to contribute
towards training cost (in
part)

Funding from external
source to pay for training
(in full)

Formally recognised
qualification

Other (please specify)

Building Skills for Net-Zero

7.55%

3.77%
5.66%
3.77%
0.00%
5.66%
24.53%
Answered

Responses

43.40%

60.38%

62.26%

26.42%

22.64%
Answered

Responses

30.19%

56.60%

58.49%

77.36%

15.09%
Answered

w O N WwN

13
53

23

32

33

14

12
53

16

30

31

41

53

Employer

NVQ Level 5 equivalent e.g.
Higher Education
Diploma/Foundation
Degree, Level 5vocational
awards, IVQ Advanced
Technician Diploma

NVQ Level 6 or above
Bachelors

Masters

Doctorate

None of the above
Other (please specify)

Q77. In addition to training,
what else would help
ensure required standards
are met to deliver the
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices
Membership of a

trade association
Continuous updating of
skills through regulated
certification e.g.

Wiring Regulations
Industry-set base level of
qualification required for
decarbonisation work
Previous experience of
working in the field

Other (please specify)

Q78. What would
incentivise you to provide
further training

on decarbonisation to your
employees? Please select
all that apply.

Answer Choices

Financial compensation for
loss of earnings

Funding from external
source to contribute
towards training cost (in
part)

Funding from external
source to pay for training
(in full)

Formally recognised
gualification

Other (please specify)

3.85%

1.28%
6.41%
0.00%
0.00%
0.00%
21.79%
Answered

Responses

29.49%

44.87%

66.67%

25.64%

11.54%
Answered

Responses

24.36%

42.31%

58.97%

55.13%

7.69%
Answered

143

o O O g

17
78

23

35

52

20

78

19

33

46

43

78



Self-employed

Q37. From which provider
would you prefer to receive
any decarbonisation
training in the future?
Answer Choices

In-house

Manufacturer based
Private training provider
Colleges

Further education colleges

Other (please specify)

Q38. In which format would
you prefer to receive
training?

Answer Choices
Apprentice-based learning
Off-site short duration
training

Vocational learning

Online

Q39. Why would this
training format be
preferable to you?

Answered

Q40. How important to you
is accreditation from a
recognised provider when
considering training
options?

Not important at all
Slightly important
Moderately important
Important

Very important

Total

Building Skills for Net-Zero

Responses
5.66%
7.55%

30.19%

13.21%

16.98%

26.42%

Answered

Responses
5.66%

43.40%
22.64%

28.30%
Answered

53

1.89%
3.77%
24.53%
39.62%
30.19%

Answered

16

14
53

23

12
15
53

13
21
16
53
53

Employer

Q79. From which provider
do you

think decarbonisation
training in the future should
be delivered?

Answer Choices

In-house

Manufacturer based
Private training provider
Colleges

Further education colleges

Q80. In which format would
you prefer to deliver
training?

Answer Choices
Apprentice-based learning
Off-site short duration
training

Vocational learning

Online

Q81. Why would this
training format be
preferable to you?

Answered

Q82. How important to you
is accreditation from a
recognised provider when
considering training
options?

Not important at all
Slightly important
Moderately important
Important

Very important

Total

Responses
11.54%
19.23%
25.64%
19.23%
24.36%
Answered

Responses
20.51%

38.46%
29.49%

11.54%
Answered

78

3.85%
2.56%
17.95%
52.56%
23.08%

Answered

144

15
20
15
19
78

16
30

23
9
78

14
41
18
78
78



Self-employed

Q41. What is the maximum
amount (£'s) you would
spend on retraining, if you
knew there was a demand
for such skills within your
sector?

Answered
Average

Q42. How long would you
be willing to spend
retraining to deliver
decarbonisation of the built
environment?

Answer Choices

A couple of days

Up to a week

1-2 weeks

Up to 1 month

Longer than 1 month
Other (please specify)

Q43. Which would be the
best way to develop training
for decarbonisation of the
built environment?

Answer Choices

Design an entirely new
course

Update existing training.
Please specify which
occupation this applies to.

Q44. Which of the following
non-traditional methods do
you think could assist with
the transition to
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices

Offsite construction

Improved surveying
technology

Improved whole building
post construction testing

Digital twins/BIM
Platform construction
Other (please specify)

Building Skills for Net-Zero

53
£596.13

Responses
1.89%
16.98%
18.87%
13.21%
26.42%
22.64%
Answered

Responses

62.26%

37.74%

Answered

Responses
66.04%

45.28%

81.13%

30.19%
16.98%
26.42%
Answered

10

14
12
53

33

20

53

35
24

43
16

14
53

Employer

Q83. What is the maximum
amount (£'s) you would
spend on retraining per
employee, if you knew there
was a demand for such
skills within your sector?

Answered
Average

Q84. How long would you
be willing to spend
retraining to deliver
decarbonisation of the built
environment?

Answer Choices

A couple of days

Up to aweek

1-2 weeks

Up to 1 month

Longer than 1 month
Other (please specify)

Q85. Which would be the
best way to develop training
for decarbonisation of the
built environment?

Answer Choices

Design an entirely new
course

Update existing training.
Please specify which
occupation this applies to.

Q86. Which of the following
non-traditional methods do
you think could assist with
the transition to
decarbonisation of the built
environment? Please select
all that apply.

Answer Choices

Offsite construction

Improved surveying
technology

Improved whole building
post construction testing

Digital twins/BIM
Platform construction
Other (please specify)

78
£1,019.25

Responses
16.67%
16.67%
16.67%
7.69%
23.08%
19.23%
Answered

Responses

60.26%

39.74%

Answered

Responses
61.54%

28.21%

64.10%

32.05%
14.10%
17.95%
Answered

145

13
13
13

18
15
78

47

31

78

48
22

50

25
11
14
78



Self-employed

Q45. If a property were to
get afull retrofit, or there
was a new build
construction built to net-
zero standards, what is the
main change you would
make to the way things are
done today to ensure
buildings perform to the
required standard?

Answer Choices
Changes to contract
Changes to oversight

Competency of installers
Changes to business
models

Changes to building
standards

Changes to accreditation
standards

Other (please specify)

A.1.5.3

Responses

3.77%
3.77%
18.87%

5.66%

52.83%

0.00%

15.09%
Answered

Respondent profiles

10

28

53

Employer

Q87. If a property were to
get a full retrofit, or there
was a new build
construction built to net-
zero standards, what is the
main change you would
make to the way things are
done today to ensure
buildings perform to the
required standard?

Answer Choices
Changes to contract
Changes to oversight

Competency of installers
Changes to business
models

Changes to building
standards

Changes to accreditation
standards

Other (please specify)

Responses
17.95%

2.56%
25.64%

10.26%
33.33%

2.56%

7.69%
Answered

14

20

26

78

This sectiomprofilesthe respondents to the surveyt will profile respondents by region,
employment type, construction industry typology, company size (reveané)he main
activities and recent disciplines of the companiegresented.
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Figure A1.27 Geographical profile of the companies represented by
respondents to the CITB Building Skills for Net Zero Survey
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Figure A1.3 7 Professional profile of the companies represented by
respondents to the CITB Building Skills for Net Zero Survey
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trades supervisor

Other Civil Logistics Electrical trade

engineering and installation
operative Other Labourer
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and interior fit- Self'em p|0yed
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Architect
Senior, Surveyor
executive, and
business
process
manager Building
Plant operative envelope
. specialist
Painter and Civil engineer
decorator
Construction
Other project manager
construction

! Construction
professional and

; trades
technical staff Clazier supervisor
Other
construction Non-construction professional,
process ther Labourer

technical, IT and other office-
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Figure A 1.47 Annual revenue of the companies represented
by respondents to the CITB Building Skills for Net Zero
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Number of respondents
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£50K

Annual revenue banding

Less £50K- £100K - £200K- £500- £IM- £2M- £5M- £10M Unsure
than £99K 199K £499K £999 £19M £49M £9.9M or more

Table A1-47 The main activities of the companies represented by
respondents to the CITB Building Skills for Net Zero Survey

Answer Choices Responses

Building completion and finishing 15 7%
Specialised construction activities 19 8%
EIe_ct_ri_caI, plumbing and other construction installation 6 3%
activities

Construction of residential and non-residential buildings 33 14%
Construction of roads and railways (and airport 6 3%
runways)

Construction of utility projects 6 3%
Construction of other civil engineering projects 8 3%
Demolition and site preparation 3 1%
Development of building projects 8 3%
Retail / hire of construction materials 3 1%
Architecture, Planning or Surveying 36 16%
Engineering or technical consultancy 21 9%
Project management 1 4%
None of the above 0.00 0%
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Table Al1-5 - The predominant recent disciplines of the companies
represented by respondents to the CITB Building Skills for Net Zero Survey

Answer Choices

Construction - New house building

Construction - Housing repair, maintenance and improvement,
including extensions and loft conversions

Construction - Commercial and retail work such as shops,
offices and leisure facilities

Construction - Industrial work such as factories and warehouses
Construction - Civil engineering and infrastructure projects such
as roads, bridges, airports, stadiums etc

Construction - Public sector work specifically health and
education facilities

Construction - Historic Buildings (pre 1919)
Construction - Energy efficiency retrofit
Professional - Architects

Professional - Quantity Surveyors
Professional - Other surveying
Professional - Building service engineers
Professional - Planners/town planners
Professional - Project Managers
Professional - Multi disciplinary practices
Unsure

Other (please specify)

Figure A1.5: Willingness to pay for training (Q.41 and Q.83)

14

13 L]

10

Number of respondents

£1 £10 £100 £1,000 £10,000 £100,000

Building Skills for Net-Zero

12 @ Individuals

11 P ® Businesses

Responses
31 13%
33 14%
20 9%
3 1%
20 9%
8 3%
11 5%
23 10%
17 7%
0 0%
6 3%
1 0%
3 1%
4 2%
22 10%
4 2%
24 10%
£1,000,000
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A.1.6 Evidence Evaluation

Asystematic review of the evidence gathered from the previous tasiscarriecbut to

understand thecomplexity oA Y F2 NXY' I G A2y adzZNNRdzy RAy3a (GKS | YQ
deploymenti NI 2SO0 2NASE IyR (GKS AYLX AOIngtA2ya 2F |
zera. The information from each taskasvalidated with the results of the other tasks

using the key themes mentioned previous section®oing saensurel that the results

presentda cohesive response to the seven research questions of the shgadynst

which thebody of thereport was written. Findings fronall the tasks are integrated

throughout the report to maintairthe narrative of the research conclusions and

recommendatios.
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A.2.0 Model

As explained in sectioh 2, the model is a scenario planning tool which has been
developed to inform netero intervention deployment scenarios to 2050 by computing
the impacts of those semrios on the construction workforce. The model focusses on
the additional workforce required to deliver those scenarios and the skills and

gualifications requirements of that workforce.

The model has been developed so that all input data is readily upteThis is a key

St SySyi

2T

G§KS Y2RStf Qa

RSaA3Y

by R

As technology develops and assumptions change, or better data is cregating the
input data will allow the model to continue to stay relevaat §cenario planning.

In this section of the report the detail behind the mechanics of the model are explained
including the relevant assumptions, input data and calculations.

A.2.1

Design

The model consists of three main steps and two main outgtitgureA2-1 provides a
graphical representation of the model, including the input data in green boxes,
calculations in orange and outputs in turquoise.

Figure A2-1 Model map
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The following explains in detail the how the model has been designddutlines the
main assumptions and input daby following the three main steps.

Step 17 Model inputs

The basis of the model is the scenario input sheet where theaet deployment

scenario input is completed by the model user. Through consultation with stakeholders
including the steering group for this project a list of constraints for the possible input
scenario has been developed. These constraints are necessay toe line between a
model which is sufficiently complex to provide accurate enough predictions of the path
ahead to fulfil the purpose of the model whilst not creating a model that is so complex to
become unusable or without the relevant input data topgubate it. The most significant
constraints put on the input scenario are:

Property typec¢ The model uses four standard property types, these are; new build
domestic, new build nowlomestic, existing domestic and existing riwmestic. These
building typesare defined in sectioA.2.4.1and the assumption is that they
approximate the UK building stock of that building type.

The decision to limit the model to four prepty types was made for several reasons.

Firstly, the scale of complexity within the UK housing stock is large. For example, within
only existing domestic properties it could be argued that properties could be broken
down by size, or by age, or a buildicetegory could be developed for traditional

buildings vs nottraditional. It could also be argued that for specific interventions such a
loft insulation, knowing if the roof is cold wrarm could also be useful distinction. The

list of possible buildingategories is endless and there is no cleat argument for

splitting the property types furthein one way or another

Secondly, because the model produces outputs based on the impabeovhole
construction sector for all property types any complexityl be averaged and summed
in creating the outputsTherefore, ay complexity at the front endavill require
complexity in the input data tobefore finally being aggregatexs the catulations of
the model progressTherefore separating out property typefurther should not have
any impact on the accuracy of the results.

Finally, for such complexity in property type to be utiliseet-zero deployment
scenarios would need to be developed for each individual building type. From
consultation with the relevat stakeholders, nezero deployment scenariase
currently developed onlfor existing domestic propeigsas one category and are not
splitdown further.

Possible interventiong; The list of possible interventions has been limited to 18

different types of intervention which include measures relating to the building fabric

such as insulation, cladding and glazing, heating methods including hydrogen boilers,

direct electric, heapumps and district heating and finally other technologies such as

heat storage, heat distribution, PV, smart systems and solar thermal. The exact
RSTAYAGA2Y A dzaASR FT2NJ 0KS&aS WaillARRIIKNER Ay daSNDS
report. These interventions were chosen following discussions with stakeholders to be

the most relevant for the transition to negero.
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The model also takes into codsrationthe relevanceof the interventionsto different
LINPLISNII & (GeLlSaod C2N) SEI YLX ST GKS Y2RSt 3INBea
non-domestic existing buildingss this is unlikely to be implemented

It is also worth noting that there aris an additional input line for the number of whole
building retrofits which require the retrofit cordinator role for both domestic and nen
domestic existing buildings per year.

Pace change The model works on the basis that the UK will reach itszeeb target by
2050 and therefore models the period from 202 2050. The input tab allows, for each
intervention and property type, the pace of deployment to be varied. For years 2021
2030 this variation can be changed on an annual basis and from@2380 this pace
change is on a-gearly basis.

In conclusion, the first step of the model is the 1zetro deployment scenarjinput by

the model userThe deployment scenario will consist of the number of interventions to
be installed each year between 20¢ 2050 with pace changes permitted on an annual
basis for the first 10 years and from then on, every 5 years for all four property types.

Step 21 The FTE requirements

The first major output of the model are heat maps and charts of the Full Time Equivalent
(FTE), split b€onstruction Skills Network Occupational Grqupguired, on top of the
construction sector workforce employed in 2019, to deliver the inputzesb

deployment scenario. To derive these first outputs from the input scenario requires

input data and assumptions, the most significant are described below:

Standard Occupatioal Classificatiorg One of the key briefs for the modelling
concerned its comparabiA 18 (G2 GKS /L¢. Qa [/ 2yadNHOGA2Y {1
28 CSN Occupational Grougasdefine job types. These job types are therefore used

throughout the model to define the types of jobs relevant to the construction workforce.

It is acknowledgethat there are some jobs, especially some aspects of heat networks

and modern methods of construction, which do not fall in to the CSN Occupational

Groups. The model assigns hours across the CSN Occupational Groups for measures

relating to these discipliree but there are some occupations which are outside the CSN

framework, and for the purposes of the modelling, these are considered out of scope.

Time taken input datag One of the key pieces of input data gathered as part of the

model developmentaretable 2 F G KS WIiAYS GIF{1SyQ G2 Ayadltf
Wa i y Rl NJorbbihdmiStExésthg and nedomestic existing building types.

As an example, for loft insulation in an existing domestic property, the time required to

install loft insulaion, to the requirements of netero, perCSN Occupational Grouiss

recorded. This data has been collated through a variety of means including, information

gathered from interviews, conversations with trade bodies and installers and reports.

The source ofhe input data is recorded in the model.

For new build properties a different method has been used. For all data collated for
domesticandnorR2 YS&GA O SEA&GAY3I LINRPLISNIASES y WSTS
describing how much more efficient in tesof time it is to install the particular

intervention in a new build property in comparison to retrofitting that intervention in an
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SEA&GAY3T LINPLISNIE&d ¢KAA LINRRdIzOS&a Gl ofSa 27 Y
build domestic and nowlomestic propeties.

Utilisation ratesc Finally, for this step of the model a utilisation factor is applied to the

existing workforce to calculate how much of the existing construction workforce is

available to install the interventions from the input scenario. Frosta$sions with a

major UK construction body during the interview process we received an estimate that

currently 4% of the construction workforce is contracted to work relevant tezesb.

Using the data derived as part of the 2019 Construction Skillwdtktsurvey the
current FTE in the UK construction sector is known broken dow2 Sy Occupational
Groups We have applied a 96% utilisation factor acros€8IN Occupational Groups
meaning that 4% of the workforce in each of th&38N Occupational Grouigsavailable
for the input deployment scenario.

Therefore, to derive the outputs for this stage. The step 1 input scenario, consisting of
the number of interventions installed per year for each property type, is multiplied by
the time taken data for eacproperty type to derive the total FTE required for each
modelled year pe€SN Occupational Grauphen finally, the number of current
construction workforce available to work on these interventions is subtracted leaving
only the additionalworkforce required, on top of the 2019 base workforce, to deliver the
interventions.

In summary, this step calculates the total number of additional FTE required to deliver

the input netzero deployment scenario p&SN Occupational Grouphis output is

calculated using the assumptions that all relevant jobs fall into th€ 38/ Occupational

Groups 4% of the current construction workforce is available forreto work and on

GKS WOAYS GF1SYyQ AyLWzi RFGF® ¢ KAri@so dzi LJdzi A &
charts discussed in more detail in sect#@ of this report.

Step 371 The skills and qualification requirements

In this final step of the model the skilieid qualifications required to deliver the input
net-zero scenario are considered and presented as outputs in heat maps and charts.
Slightly different methodologies are used for either qualification level or specialist skills
and these are explained below

Qualification levelg. @ WljdzZt €t ATFTAOFGA2Y §S@PSEtQ 6S I NS NBT!
t KEQad ¢KSNB Aa |y lFaadzYLliAzy GKFEG Fyeé |FRRA
scenario will require the same spread of these qualification as the ducrarstruction

G2N] F2NOS® ! aAy3ad GKS /L¢. Qa Wvdza t ATAOIGAZ2Y A
2018¢ spring 2019 the model profiles the additional workforce required against the

existing workforce to derive, for each modelled ydghe FTE requiremd at each

gualification level.

The possibility of overqualification within these figures for the current construction

workforce had been considered and, on consultation with stakeholders, it was found

that the level of overqualification in the current widorce is thought to be minimal.

Specialistraining-. @ WA LISOA f Aad &1 thdeftifledroussés skciNES NB T S NN
0KSIIECQ FOBRNIYAZFYA SR O2dzNESa &adzOK Fa 3ISYySNIf wa
assumption that all the workforceequired to deliver the input scenario will require the

Building Skills for Net-Zero 155



relevant specialist skills for the intervention they are installing. Therefore, both the

additional workforce, on top of the current construction workforce, and the 4% of the

existing workforce availade to work on these interventions will require training in these

specialist skills. This assumption has been made because although £2&Nf a

Occupational Groumay be available to work on these interventions, they may not have

the specialist skills regred to install it. As an example, although 4%&N Occupational

Groupcodet MX Wt f dzYoAy3a YR | !/ ¢NIRSaQx YI& 0S5
not known how many of that workforce t NS R& BRI @8 (Bt WEAOFI GA2Y ®
this assumptia could lead to an overestimation of the amount of specialist skills training

required, this is thought to be minimal.

The specialist skills data is the second key piece of input data derived as part of the
model development. The data is presented as petages of the workforce required to
install an intervention who require the specialist skill by intervention type. This data has
been collated through a variety of means including, information gathered from
interviews, conversations with trade bodies angtallers and training colleges. The
source of the input data is recorded in the model.

In conclusion, to derive the outputs for this final stage of the model, two steps are taken.
Firstly, for the qualification levels, the additional FTE required, orofape existing
workforce, per intervention for each modelled year is multiplied by the profile of
qualification levels in the existing workforce. Secondly, the total FTE required per
intervention for each modelled year is multiplied by the specialisisskiput data. This
output is then graphically represented in a series of charts discussed in more detail in
section4.2.30f this report.

A.2.2 Model output for devolved nations

The model has been run using CSN baselines for Scotland and Wales, overlaid with
specific Scottish and Welsh measure numbers from CCC. The following itjtestitage
the output from this process.
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Figure A2.2.1: Graph of additional FTE requirement above 2019 year baseline CSN workforce per CSN Occupational

Group profiled to 2050 for Scotland
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Figure A2.2.2: Graph of annual difference in FTE required each year per CSN Occupational Group for Scotland
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Figure A2.2.3: Graph of FTE requirement, in addition to the 2019 workforce base, per qualification level profiled to
2050 for Scotland
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Figure A2.2.4: Difference in FTE requirements for subsequent years for each qualification label profiled to 2050 for
Scotland

10,000

4,000

6,000

-8,000
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
B Below NVQ level 2, other or no qualifications 1,001 370 489 954 1,480 982 3,605 1983  -2,890 -18 -158 -158 -158 -158 -158 152 152 152 152 152 -337 -337 -337 -337 -337 -279 -279 -279 -279 -279
= NVQ level 2 324 146 147 267 508 330 1,073 618 -765 25 -3 -3 -1 -31 -1 102 102 102 102 102 -90 -90 -90 -90 50 -115 -115 -115 -115 -115
W NVQ level 3 580 236 232 416 848 581 1,570 1122 1,137 74 & & 6 6 6 182 182 182 182 182 160 160 160 160 160 204 204 204 204 204
uNVQ level 4 434 102 157 300 542 391 1,051 867 <773 52 15 15 15 15 15 111 111 111 111 111 -96 -96 -96 -96 -96 -138 -138 -138 -138 -138
m Trade App'ships 335 137 137 250 495 335 948 644 -687 40 -3 -3 -3 -3 -3 106 106 106 106 106 -90 -90 -90 -90 90 -119 -119 -119 -119 -119
W First degree 274 53 108 218 327 243 700 564 -601 33 8 8 8 8 ] 62 62 62 62 62 -55 -55 -55 -55 55 -89 -89 -89 -89 -89
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Figure A2.2.5: FTE requirement for each specialist skill profiled to 2050 for Scotland
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B Trustmark Approved Retrofit Designer
m Refrigeration, Heating & Ventilation Qualification
mFGas
W Trustmark Approved Retrofit Installer
w Trustmark Approved Retrofit Advisor
W Trustmark Approved Retrofit Assessor
Pro-Fitter/GGF: Surveyors
w Pro-Fitter/GGF: Windows and Doors - Novice/GQA Accredited
W BPEC, Solar Thermal Systems NOS Mapped
m BPEC, Working at Heights Access Training
W BPEC, Award in the Installation and Maintenance of Small Scale Solar Photovoltaic Systems (Level 3)
m CITB SMSTS (Site Management Safety Training Scheme)
W Gas Smart
= Diploma in smart metering
W Battery Storage Systems Training course
m Hydrogen boiler conversion courses
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Figure A2.2.6 Difference in FTE requirements for subsequent years for specialist skills profiled to 2050 for Scotland
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2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

W Heat pump installation course 779 142 132 71 1,014 662 | 613 1466 568 86 35 35 35 35 35 258 258 | 258 258 258 -2 -82 -B2 82 -82 |-238 -238 -238 -238 -238
W Asbestos Awareness Training 251 109 146 402 354 254 1,483 479 -1530 -54 19 19 19 19 19 27 27 | -27 -27 27 -180 -180 -180 -180 -180 | -49 49 49 49 .49
W Electricity for plumbers course 199 47 51 83 263 176 255 373 -150 15 23 23 23 23 23 45 45 45 45 45 43 43 43 43 43 56 56 56 <56 56
® Trustmark Approved Retrofit Coordinator 141 61 82 225 198 142 319 261 -730 80 67 67 67 67 67 88 88 | B8 88 88 12 12 12 12 12 | %8 98 98 -98 98
m Trustmark Approved Retrofit Designer 125 54 73 200 176 126 284 232 -649| 71 59 59 59 59 59 78 78 |78 78 78 11 11 1 1 11 | -87 -87 87 -87 -8
m Refrigeration, Heating & Ventilation Qualification 156 28 26 14 203 132 123 293 114 17 7 7 7 7 7 52 52 52 52 52 -16 -16 -16 -16 -16 48 -48 -48 48 48
mFGas 156 28 26 14 203 132 | 123 293 114 17 7 7 7 7 7 52 52 §2 52 52 16 -16 -16 -16 -16 48 48 48 48 48
m Trustmark Approved Retrofit Installer 16 7 9 25 22 16 35 29 -81 9 7 7 7 7 7 10 10 10 10 10 1 1 1 1 1 11 11 | -11 11 -11
m Trustmark Approved Retrofit Advisar 6 7 9 25 22 16 35 29 81| 9 7 7 7 7 7 10 10| 10 10 10 1 1 1 1 1 1 -1 <11 -1 11
m Trustmark Approved Retrofit Assessor 16 7 9 25 22 16 35 29 -81 9 7 7 7 7 7 10 10 10 10 10 1 1 1 1 1 11 11 -1 -11 11
Pro-Fitter/GGF: Surveyors 13 6 1 21 19 13 30 25  -82 ] 6 6 6 6 6 2 2 -2 2 -2 8 -8 -8 -3 3 -3 3 3
W Pro-Fitter/GGF: Windows and Doors - Novice/GOA Accredited 75 33 44 120 106 76 | 171 140 -465 O 34 34 34 34 34 14 14 14 14 -14 46 46 46 46 -46 15 15 | -15 15 | -15
M BPEC, Solar Thermal Systems NOS Mapped o 0 0 0 0 1 73 3 4 -4 & -6 -6 & -6 1 1 1 1 1 -1 1 -1 -1 -1 -1 -1 1 -1 1
W BPEC, Working at Heights Access Training 13 5 7 20 18 14 | 147 27 73 7 5 -5 -5 5 -5 o o 0 o ] 10 -10 -10 -10 -10 -4 -4 4 -4 4
W BPEC, Award in the Installation and Maintenance of Small Scale Solar Photovoltaic Systems (Level3) 25 11 15 40 35 25 | 148 48 -153 -5 2 2 2 2 2 3 3 -3 -3 -3 -18 -18 -18 -18 -18 5 -5 5 -5 5
® CITB SMSTS (Site Management Safety Training Scheme) 1 2 3 3 4 2 16 5 -12 -1 3 -3 -3 3 -3 (1] o 0 o] L] 0 ] o 0 o -1 -1 1 -1 1
W Gas Smart 26 11 15 41 37 26 | 153 49 -158| 6 2 2 2 2 2 3 3|3 -3 -3 -19 -19 -19 -19 -19| -5 -5 5 5 5
® Diploma in smart metering 77 34 45 123 109 78 210 144 445 16 32 32 32 32 32 12 12 12 12 12 | -26  -26 -26 -26 -26 | -31 -31 -31 -31 -31
W Battery Storage Systems Training course 28 12 16 44 39 28 63 52 -172 0 13 13 13 13 13 -5 -5 -5 -5 S5 17 -7 17 17 -17 -5 -5 -5 -5 -5
m Hydrogen boiler conversion courses 15 44 9 7 -2 24 25 1 77 83 41 41 41 41 41 58 58 58 58 58 -66 -66 -66 -66 -66 9 9 9 9 9
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Figure A2.2.7: Graph of additional FTE requirement above 2019 year baseline CSN workforce per CSN Occupational

Group profiled to 2050 for Wales

14,000

12,000

10,000

8000

6,000
2047

4,000 I I
_mmn
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 39 2040 2041 2042 2043 2044 2045 2046 2049 2050

2021 2022 2037 | 2038 20

W Surveyors o o o o 73 122 324 433 330 332 324 | 315 307 299 290 308 327 345 363 | 381 360 338 316 295 273 252 | 231 210 188 167
W Civil engineering operatives nec® o o 0 o o o o o 6 6 5 5 5 5 4 6 7 9 10 12 10 8 6 5 3 2 1 o o] o]
W logidics o] o o o] o o 15 37 42 £ 45 45 45 a7 48 52 57 62 67 71 72 72 73 73 74 68 62 56 50 22
® Plumbing and HVAC Trades 0 | 255 384 489 077 1433 2,190 2,344 2683 2,814 2,880 2,946 3,012 3078 3144 3304/ 3,644 3804 4144 4304 4370 4346 4322 4297 4,273 4012 3751 3490 3228 2,967
W Electrical trades and installation o] o] 0 o] 98 198 523 703 575 591 802 Bl2  B2Z3 633 643 687 730 V74  BL7 861 846 B31  Blo 801 786 722 B59 595 532 469
m Labourers nec* o] o] B4 217 470 568 1,203 1,445 988 978 933 887 842 797 751 773 795 B17 B39  B61 786 T71Z 638 Se4 490 446 403 360 31Y 173
m Steel erectors/structural fabrication o] o] 0 o] o] o] o] 34 51 51 50 50 43 43 43 51 53 55 57 59 57 54 51 48 45 45 a4 42 41 40
m Plant mechanicsffitters o] o] 0 o] o] o] 8 35 45 49 50 52 54 55 57 &5 7z 80 87 95 a7 100 | 103 | 106 108 @ 99 89 kel =] 59
m Plant operatives o o 0 o 95 133 165 244 285 266 250 | 234 | 218 202 186 197 208 219 229 240 229 218 208 197 | 186 187 A 188 188 189 190

Scaffolders o o 24 568 111 | 129 480 533 | 411 395 370 345 321 296 271 278 284 291 298 305 278 252 226 200 174 166 158 150 141 133
m Specialst building operatives nec* o o 0 o 13 34 86 94 74 52 36 20 4 o o o o o 1 9 o o o 0 o o o 0 o o
W Glaziers o 3 58 110 | 126 184 236 110 110 119 128 136 145 154 155 156 157 158 159 138 117 95 T4 53 47 41 35 B 22
W Floorers 16 40 76 118 181 202 457 525 438 430 380 329 279 228 177 181 184 188 191 195 176 158 140 122 104 99 54 83 B4 75
m Roofers V] o 0 o £ 59 370 414 311 286 280 264 | 248 232 215 221 227 233 239 245 220 196 172 147 123 116 108 101 94 87
® Paintersand decorators o] o] e} o] o] o o 74 | 103 | 119 128 136 144 152 160 186 211 | 237 263 288 300 311 322 334 345 310 275 240 204 189
m Building envelope specialists o] o 48 119 266 318 740 886 601 591 479 367 | 255 14z 30 39 4g 58 o7 76 57 39 20 1 o] o] e} e} o] o]
M Construction Trades Supervisers o] 17 66 1i2 222 301 778 934 799 803 | 774 T45 | 716 687 €58 695 731 768 B804 B41  B2B  B15 803 790  ¥77 723 | 670 616 563 509
m Non-construction professional, technical, IT, and other office-based staff o] o] o] [s] [s] o] o] 62 o o o] o] o o o o o o] o k= o o] o] o] o] [s] o] o] [s] [s]

Other construction process managers o o 0 o o o o o o o o o o o o i o o o i i o o ] 11 o o o o o
W Construction Project Managers. 111 321 | 468 658 1,124 1,298 2,116 2,533 2,246 2,433 2,533 2,633 2,733 2,833 2,932 3,118 3304 3490 3675 3861 3944 4027 4110 4193 4275 3985 3695 3405 3,115 2,825
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Figure A2.2.8: Graph of annual difference in FTE required each year per CSN Occupational Group for Wales
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= Surveyors o/ o o o 73 4 2202 109 -3 2 -8 -8 -8 -8 -8 18 18 18 | 18 18  -22  -22 -2 | -22  -22  -21 @ -21 | -21  -21  -21

o] 1] o] [s) 1] 1] o] 6 1] 1] o o] 1] ] 1 1 1 1 1 -2 -2 -2 -2 -2 -1 -1 -1 o] 0
0 [t} o] [s) ] 15 23 4 2 1 1 1 1 1 5 5 5 5 5 o ] 0 0 o -6 -6 -6 -6 -6
457 | 757 654 -162 | 131 66 66 66 66 66 | 250 | 250 250 | 250 | 250  -24 | -24 | -24 | -24 | -24 | -261 | -261 | -261 | -261 | -261

® Civil engineering operatives nec®
B logistics
 Plumbing and HVAC Trades
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n
o
-
3]
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&
3]

W Electrical trades and installation 0 0 o 98 | 100 325 180 | -129 17 10 10 10 10 10 4 a4 44 44 44 | -15 | -15 | -15 -15 | -15 | -63  -63 | -63 63  -B3
W Labourers nec® 0 84 133 253 97 636 242 -457 10 45 45 45 45 45 22 22 2 22 22 |74 74 74 74| TR 43 43 43 43 43
m Steel erectors/structural fabrication 0 [e] o [s) o 34 17 o] ] 0 0 o ] 2 2 2 2 2 -3 -3 -3 -3 -3 -1 -1 -1 -1 -1
W Plant mechanics/fiters 0 1] 0 1] 8 27 11 3 2 2 2 2 2 8 3 -3 8 8 3 3 3 3 3 -0 | -10 | -10 | -10 | -10
m Plant operatives 0 o o a5 38 32 79 42 | -19 | -16 | -16 | -16 | -16 | -16 | 11 11 11 11 i1 | -11 | -11 | -131 | -11 | -11 1 1 1 1 1

o]

o]

6

[=TRi =R = = R = = = = = = =]

Scaffolders 24 32 55 18 351 53 -122 -1 -25 | -35  -25 | -25  -I5 7 7 7 7 7 -6 -6 | -36  -26  -26 -8 -8 -8 -8 -8
m Specizlst building operatives nec* o o 13 21 52 =) -20 | -22 | -16 | -16 | -16 -4 o o o o 1 B -2 o o o o o o o o o
B Glaziers 23 30 51 is [==] 42 | -126 o 9 9 9 9 9 1 1 1 1 1 -21 0 -21 -3 -1 -1 -6 -6 -6 -6 -6
B Floorers 15 24 36 42 %] 21 156 &7 -87 -7 -51  -51 | 51 -51 51 3 3 3 3 3 -18  -18 | -18  -18  -18 -5 -5 -5 -5 -5
= Roofers aQ 0 0 0 £ 13 311 43 -102 -15 -6 | -16 | -16 | -16 | -16 6 3 3 & 6 -24  -28 0 -4 24 24 -7 -7 -7 -7 -7
B Paintersand decorators Q 0 o o [} 0 74 30 16 8 8 8 8 8 26 26 26 26 26 11 11 11 11 11 -35  -35  -35 | -353  -35
M Building envelope specialists Q 48 71 147 52 423 146 -285 -10 -112 -112 | -112 112 -112 9 9 9 El 9 -18 | -18 | -18 | -18 -1 o] 0 0 0 0
B Construction Trades Supervisers aQ 17 49 47 110 79 | 477 156  -136 4 -39 -29 | -2% 29 29 a7 a7 a7 37 a7 -3 -1  -13 -13 -13 54 54 54 54 54
W Non-construction professional, technical, M, and other office-based staff a 0 o o [s] o o 82 | -B2 o a 0 o 0 0 o 0 0 9 -9 0 o] 0 o [s] 0 o 0 o]

Other construction process managers Q o o o o o () o o a o o () o o o () o 0 0 o] 5 5 -11 0 0 0 0
W Construction Project Managers 111 | 210 | 147 190 | 466 175 | 818 417 |-287 | 187 100 100 | 100 100 100 186 | 186 186 186 186 | 83 83 83 83 83 | -250 -290 | -290 | -390 -290
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Figure A2.2.9: Graph of FTE requirement, in addition to the 2019 workforce base, per qualification level profiled to
2050 for Wales
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12,000
10,000
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6,000
4,000
2,000
—
2,021 | 2,022 2023 2,024 2025 2026 2027 2028 2033 2046 2049
w Below NVQ level 2, other or no qualifications 32 145 363 654 | 1388 1743 3,681 4512 3,207 3,083 3,281 3,165 | 2,945 2510 | 2293 2,076
@ NVQ level 2 17 90 158 233 | 459 600 1,169 | 1453 1234 | 1,220 1569 1560 | 1456 1,252 | 1,150 1,048
w VO level 3 19 147 245 350 730 1,003 1847 2364 2,158 | 2,166 2,860 2,842 | 2,653 2,277 2,088 1901
W NVQ level 4 24 104 166 237 483 630 1171 | 1,480 1360 1,370 1,381 1,832 1,830 | 1,705 1461 | 1339 1217
u Trade App'ships 15 91 151 216 437 584 1,078 | 1,370 1,246 1,248 1,251 1651 1,643 | 1534 1,318 1,211 1,103
W First degree 21 61 95 138 287 361 704 887 786 792 798 1,059 1,062 986 837 763 689
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Figure A2.2.10: Difference in FTE requirements for subsequent years for each qualification label profiled to 2050 for
Wales

P00 o1 2m2 2003 2024 2025 2026 207 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 | 2038 2038 2040 2041 2042 2043 2084 2045 2046 2047 2048 2049 2050
m Below NVQ level 2, other o no qualifications 32 114 218 201 734 385 1938 831 944 24 128 128 128 124 123 164 164 164 165 169 A130 125 <125 124 116 2200 17 -7 a7 7
= NVQ level 2 17 74 68 75 226 140 569 284 -202 33 -17 -17 17 14 -13 82 &2 82 83 85 -16 13 -13 -12 -10 -104  -102 -102 -102 -102
mNVQ level 3 19 127 99 104 380 273 844 517 -301 75 7 T 7 8 9 154 154 154 155 157 25 -22 -22 -21 -18 -190 -188 -188 -188 -188
W NVQ level 4 24 80 62 70 246 147 541 309 -201 54 9 9 9 10 1 94 94 94 94 9 7 -4 -4 -3 -2 -125 -122 -122 -122 -122
= Trade App'ships 15 76 60 65 21 147 494 292 -170 43 1 1 1 2 3 a8 88 88 88 90 -12 -10 -10 -10 -8 -109 -108 -108 -108 -108
W First degree 21 a0 34 a3 149 74 343 183 -151 35 B B 5 6 6 51 51 51 51 53 1 1 1 2 El 76 74 74 74 74
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Figure A2.2.11: FTE requirement for each specialist skill profiled to 2050 for Wales
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