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Acronym Definition or meaning Acronym Definition or meaning

ANW Ambition North Wales. EPC Energy performance certificate.
BEIS Business, Energy and Industrial Strategy. ESC Energy Systems Catapult.
CAPEX CapitalExpenditure. EV Electric Vehicle.
CCGT Combined Cycle Gas Turbine. FES Future Energy Scenarios.
CCuUs Carbon Capture, Utilisation and Storage. GDN Gas Distribution Network.
CPO Charge Point Operator. GHG Greenhouse Gas.
COP Coefficient of Performance. GIS Geographic Information System.
DESNZ Department for Energy Security and Net Zero. HGV Heavy Good#/ehicles.
DFES Distribution Future Energ$cenarios. LAEP Local area energy planning or Local area energy plan
DfT Department for Transport. LDP Local Development Plan.
DNO Distribution Network Operator. LGV Light Goods Vehicles.
ECOFLEX Flexible Eligibility Energy Company Obligation. LSOA Lower super output area, a small area classification irf
the UK designed to have a comparable population.
ECR Embedded Capacity Register.
LULUCF LandUse, Land Use Change and Forestry.
EfW Energy from Waste.
EGW Energy Generation in Wales.
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NAEI National Atmospheric Emissions Inventory.

NGED National Grid ElectricityDistribution.

NZ Net Zero.

NWTM North Wales Transport Model.

NZIW Net Zero Industry Wales.

OPEX Operational Expenditure.

0os Ordnance Survey.

PRI Pressuring Regulating Installation.

RASAP Reduced data Standard Assessment Procedure.

REA Renewable Energy Assessment.

REPD Renewable Energy Planning Database.

REPEX Replacement Expenditure.

RFI Request for Information.

RIIO Revenue = Incentives + Innovation + Outputs, a
regulatory framework used by the UK energy regulatd
Ofgem.

RLCEA Renewable and Low Carbon Energy Assessment.

Acronym Definition or meaning
RSP Regional Skills Partnership.
RTP Regional Transport Plan.
SAP Standard Assessment Procedure.
SEWBCC Southeast Wales Business Climate Coalition.
SEWTM Southeast Wales Transport Model.
SDP Strategic Development Plan.
SLES Smart Local Energy System.
SMR Steam Methane Reformation.
SPEN SP Energy Networks.
SSE Scaottish and Southern Energy plc.
SwiIC South Wales Industrial Cluster.
TEC Transmission Embedded Capacity.
TIW Transport for Wales.
WIMD Welsh Index of Multiple Deprivation.
Wwu Wales and West Utilities.
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1. Introduction
The energy transition across Wa

The Wel sh GioNeetr nZreernat '$¥%8a
establishes an increased level of ambition on
decarbonisation, with a legally binding target to re:
net zercemissions by 2050. It is the first national
government to fund the reflut of LAEP to all its
local authorities. The programme is beingardinatec
through a regional approach, where LAEPs are be
developed for local authorities in Mid Wales, Soutl
Wed Wales, North Wales and the Cardiff Capital
Region. Several suppliers have been selected to
produce the LAEPs for each region, as detailed in
map.

To contribute to the W
commi t ment of producin
Pl ano in 2024, upon co

programme Energy Systems Cataf8ESC) will
aggregate the LAEPs into a national view. To
support this task, they are working with the Welsh
Government to create and import standardised
LAEP outputs for aggregation into the
DataMapWales platforfi*. The Catapult is also
providing technical advisory support to the Welsh
Government throughout the programme.

The LAEPs will also form the basis of the
O6National Energy Pl
committed to produce in 2024.

ano

August 2024

Gwyneddés Local Area EI
an evidenc#ased plan of action that identifies the
most effective route to a net zero local energy syst
for an area. This LAEP has been developed by brii
local organisations and groups together szass the
evidence created as part of the development proce
and collectively agree on the best way forward to
achieve this objective.

Applying this approach, a LAEP puts local needs ¢
views at the centre of the planning process, and h
creates a cordinated, placéased plan that avoids
duplication of efforts, aims to save money, and re¢
additional social benefits that nhigotherwise have
been oveiooked.
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I North Wales
by Arup, Carbon
Trust and Afallen

by City Science

by Arup, Carbon Tru:
and Afallen

Mid Wales
by Energy

Systems Catapul o
I Existing LAEPs

Figure 1.1.1: Progress made in the development of LAEPs
across Wales
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1. Introduction
LAEP development

Gwyneddo6s LAEP was p
Trust and Afallen on behalf @yngor Gwynedd
and Ambition North Wales. Energy Systems
Catapult were the Technical Advisors for wide
theLAEP Programme in Wales. The LAEP
programme and the de
was funded by the Welsh Government.

In this report, the term "we" has been used
throughout to refer to the consultants introduc
above, that have been commissioned\fsish
Government to support the development of tt
LAEP. We developed G
accordance with BE5SCbo

which breaks the LAEP development pr'ocess
down into seven stages. (See Figure 1.1.2).

August 2024

Stage 1

Refresh and update
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Preparatio

Stage 3
Representing
the local areg

Stage 2
Engagement

Stage 4
Modelling
options for th:
future

Stage 5
Scenario
refinement
and selection

Stage 7
Create the
plan

Stage 6
Actions,
priorities and
decisions

Figure 1.1.2:

Seven stages of |l ocal

area

energy ™l anning (L
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1. Introduction P
Introduction to Technical Report
The LAEP has been divided into two separate
documents to make the content accessible to a v
of audiences and to make it easier for readers to
what they are looking for: Local Area Energ

Plan Technical report
This is theTechnical Report, whichcontains the
graphs, charts, maps and supporting data for the
results published in the LAEP. It also provides m
detail about the approach to the modelling and

scenario analyses that we completed.

A compelling
vision for a

ThelLocal Area Energy Planf ocuses o1
local energy strategy and action plan.

Detailed

decarbonised
Figure 1.1.4 (overleaf) shows a summary of the energy system fi

content of this Technical Report, to help navigate Gwynedd
report. For a summary of the content of other rep
and how this relate'® t

methodology an
EQEWSTS

Purpos

please see Appendix Ab. o
S Local Authority,
i=] technical
>
A note on the use of < General public, Stagé?r?éﬂﬁfn(e'
report; businesses, poli S
In this report, the term "we" has been used makers etc, operators, enert
throughout to refer to the consultants that have mlanagers,
been commissioned by Welsh Government to planners)
support the development of this LAEP.
Figure1.1.3: Summary of LAEP reportso
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1. Introduction
Introduction to the Technical Repc

Navigating this report

1. Introduction

2. Stakeholder engageme

3. The current energy syste

Methodology
|

Analysis

Figure 1.1.4: Summary of content in Technical Report
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Overview of LAEP programme.

Process of preparing a LAEP, identifying resources, appointing lea
organisation and agreeing roles.

Definition of thesystem boundary and scope of the LAEP.

Approach taken to identify, prioritise and engage stakeholders
throughout the development of the LAEP.

Summary of data sources used to inform the energy system baselil
Summary of assumptions used to define the energy system baselir

Presentation of local soegconomic context.
Di scussion of Gwyneddods basel.:
industry and transport and energy generation.
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Introduction to the Technical Repc

Navigating this report

Content

4. The futureenergy systen

Summary of modellingpproach for scenario analysis.

Summary of modelling parameters used, such as cost, emission factors and network
dependencies.

1 Comparison of key characteristics of four future energy scenarios modelled: National Net
Zero, High Demand, Low Demand alsthnded:Communityfocussed

Summary of results from sensitivity analysis.

= =

Scenario analysis

Method for development deployment pathways.
Estimated impacts of each future energy scenario on air quality and employment.
Summary of deployment pathways for each scenario, with additional discussion across bi

industry, transport and renewable generation.
5. Action planning

Summary of the process of developing energy propositions.

I ntroduction to Gwyneddods energy proposi

. LAEP, and the focus for the nexttbyears.

Energy propositions f Gwyneddbés plan on a page summarising the
system component that contribute to Gwyr
1 Presentation of the detailed evidence to support delivery of each energy proposition, inclt

thehf ocus zonesoO investment requirements.

E

Deployment modelling

= =

Creating the plan (Main LAEP Repori
only)

Figure 1.1.5: Summary of content in Technical Report
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1. Introduction
Boundary and scope

A LAEP considers energy use, supply and generatior
within the Cyougoboundamy.y n e (

There are three core parts to the local energy systen

9 Infrastructure T The physical assets associated wi
the energy system such as electricity substations.

9 Supplyi Generation (renewable and A@newable),
storage andistribution of energy to local consumer:
for use in homes, businesses, industry and transpc

9 Demandi The use of energy driven by human
activity e.g. petrol/diesel used in vehicles, gas
burned for heat in homes. required for the energy
system tooperate.

Fuel for transport, heat and power in buildings and h
and power for industrial processes and other energy
needs are considered together in the planning proce
ensure that the interactions and dependencies betwe
generation and use of differesriergy sources across
different sectors are fully considered. This can also
to identify where different systems can work better
together to improve the overall resilience and flexibili
of the energy system.

August 2024

—» Flow of natural gas
— Flow of electricity
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1. Generation
Energy is transformed
into electricity so itan
be transported. Energy
carriers, such as oil/gas
are extracted from the
ground.

|
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L™

Large off-
takers
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Local Area Energy System

4. Distributed generation and

vy

2. Transmission
networks
Move energy via pipes
or wires for long
distances around the
country at high
pressure/ voltages.

.

connected directly to the distributiol
network but can also supply homes i

_

storage
Generation and storage that is

other uses directly.

]

3. Distribution
networks
Takes energy from

transmission network
and delivers it to users
via pipes or wires at low

pressure / voltages.

5. Consumers
Businesses, homes,
vehicle charging.

Figure 1.1.6: Illustration of transmission and distribution of gas and electricity from supply to consumer, and what parts of
this system are included in the system boundary for LAEP

21



1. Introduction

The local energy system
Boundary

The LAEP is a plan to support the transition of the
local energy system to net zero, and therefore reqt
an understanding of the emissions produced by the
local energy system, whidghcludes local energy
supply, use and supporting infrastructure. We usec
geographic boundary for Gwynedd to set the boun
for the LAEP, which meant that any energy genera
assets, energy use and infrastructure in that bound
was considered fanclusion in the LAEP.

Scope

The scope of the LAEP was then determined base!
ESC6s L AE P®% Te Gudantecstates that
certain energy assets should be considered nation
rather than local despite being present in the geog!
boundary anavhere the asset serves the wider enel
needs of the UK. Considering this, electricity
connection at lower voltages (132kV / 33kV / 11kV
was defined as Al ocal o
for the LAEP. Any assets connected at higher volte
(400kV / 2'bkV) or with capacities > 100MW were
considered finational 0 &
unless otherwise specified. For example, Gwynt y |

generation/production and associated infrastructure
(e.g. through the planning process) then it is local
energy production. When permitting for siting and
construction is controlled by national organisations
(e.g. for offshore wind) then it is national ege
production. Energy generation should be considere
local where the key input to energy production is a
local resource. Energy generation where the key
resource comes from outside the local area (e.g.,
imported biomass) should be considered part of the
national energy system.

Like the above, any demand connected to the
transmission network is excluded, as we are focus
on the local distribution network.

The scope of the LAEP also excludes energy use
shipping, aviation, exportsjilitary transport, and oil
refineries because they are considered national
decarbonisation challenges and should be addres:
central Government.

Emissions

Emissions from sources that are not related to the
energy system are excluded. This includes emissi
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2. Stakeholder engagement

Stakeholder identification process

This section provides a detailed overview of the
stakeholder identification and prioritisation proces
describes the methodology and definitions used t
understand and identify the stakeholders relevant
local authority.

1. Stakeholder definitions and roles

Specific definitions and roles are included in the
introduction (see Table 2.1.1 overleaf). Our appro
was particularly guided by the imperative to involv
broad cohort of secondary stakeholders with spec
local knowledge, experience and / or inflae over
the local energy system within the local authority
area. As LAEP is a whole systems approach at th
local authority level, so we needed individuals fror
broad range of stakeholder organisations with the
appropriate level of local expertise and

local knowledge. To avoid stakeholder fatigue anc
ensure we addressed regional synergies we creal
additional regional secondary stakeholder group
described in the introduction.

2.Stakeholder identification and mapping

A pre-developed stakeholder mapping tool was
provided to each local authority to collect stakehol
data, both for organisations and appropriate target
individuals. These were reviewed with the

August 2024

LAEP programme team so that their wider knowle
of the local energy system and potential stakeholc
could be used to jointly iterate and continuously
improve the final stakeholder map. The mapping t
was then used to allocate identified stakeholters
either a primary or secondary stakeholder role ba:
on a scoring schema that reflected their respectivi
knowledge and influence of the local energy syste

3. Stakeholder engagement planning

We reviewed the scored stakeholder lists and a fir
list of primary and secondasgakeholders confirmec
we ensured that where possible, stakeholders thai
represented key components of the local energy

system were considered. For example, where indt
is a key component, stakeholders were identified.

4. Limitations and mitigation

Some limitations applied to our stakeholder mapp
and we undertook mitigations to address them as
as possible:

1. Knowledge within the local authority team of t
local energy system and participants with high
levels of local knowledge and / or local influenc
Mitigated through iterative reviews of the
developing stakeholder mapping and inclusion
the wider programme team's local knowledge ¢
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experience of stakeholders across all relevan
sectors in each local authority.

Sufficient data and information on stakeholde
organisations was needed to identify appropr
individuals. This was mitigated by networking
with participants, continuous improvement, al
promotion of LAEPSs locally.
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2. Stakeholder engagement ‘\>m ale
Stakeholder identification process
Stakeholder group ~ Organisations Role in LAEP development Method of engagement
Primary stakeholders Local Authority officers, council member(s), Welsh ~ Responsible for the creation of tbAEP, as well as  Steering groups,
Government, Ambition North Wales, energy network having executive decisiemaking powers. workshops, biveekly
operators i.e. Distribution Network Operators, Contribute existing and future policies and meetings, emails, 121
(DNOs) and Gas Distribution Networks (GDNSs). programmes relevant to the LAEP. interviews
Secondary Other localgovernment organisations, major energy  Responsible for shaping the direction and Interactive workshops

local stakeholders users, organisations with influence over and / or loca actions collectively agreed in the LAEP.
knowledge of specific energy system components (e. Contribute advice and guidance to the LAEP
developers, housing associations), community energ programme given influence over and / or local
organisations, local organisations active in net zedo a knowledge of specific element(s) of the local ener
decarbonisation, transport sector organisations system, e.g. share details of existing programmes
and projects.

Secondary regional Transmission network operators, transport providers, Responsible for shaping the actions and considerini Interactive workshops

stakeholders housing associations, growth deal organisations, opportunities to deliver at scale across local authorii
landowners, national parks, further education, public boundaries by providing advice and guidance given
bodies or national organisations (e.g. Tf\W) with a regional influence and / or knowledge of specific
regional influence, trade organisations. elements of the regional energy system.
Technical advisors  Energy Systems Catapult (ESC). Ensuring a consisteapproach is taken to the Monthly meetings and
for LAEP development of LAEPs in Wales. invited to attend all
workshops

Table 2.1.1: Overview of engagement activity for identified stakeholder groups
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2. Stakeholder engagement

Overview of stakeholder engagement plan

This section describes the methodology used to
engage with primary and secondary (local and
regional) stakeholders throughout the programme.

1. Contract meetings

As part ofthe overarching programme, a national
forum brought together all suppliers, local authority
leads, the regional leads, Welsh Government and t
Technical Advisor to share learnings and maintain
consistent approach across Wales. The suppliers ¢
regionalleads also had regular catch ups to share
assumptions and challenges.

We held regional steering groups for North Wales,
attended by the regional and local authority leads,
well as biweekly meetings with the local authority

leadsi also attended by the regional leads.

2. Interactive, online workshops

Interactive online workshops were used as the prir
means of engaging with both primary and seconde
stakeholders. The benefits of using them included:
reduced time commitments for participants ensurir
attendance was maximised, the interactivity of
workshops allows participants to contribute
dynamically, e.g. verbally, chat, Miro boards, enab
a broader data collection via these interactive tools
the ability to cost effectively deliver multiple
workshops. As well as enabling local workshopseic

August 2024

delivered the use of virtual workshops meant regio
stakeholder workshops were easier to convene.

0. Approach to workshops

The purpose of each of the interactive workshops
tailored to theobjectives of respective stage of the
LAEP. Agendas were constructed to deliver the
purpose(s), see Table 2.1.2 overleaf. For each ag
item a clear aim was set that supported achievem
one or more of the workshop's purpose. Using the
research quesin(s) and / or outcome needed to
achieve the aim presentation material, exercises,
facilitation material and appropriate means of date
collection were created.

1. Workshop data collection, analysis and synthes

Appropriate means of data collection were used tc
ensure a complete and accurate record of particip
responses was made. These included:

1 Workshop recordings
9 Chat transcripts

9 Workshop exercises requiring inputs in
response key research questions best presentec
facilitated visually used Mirboards

9 Postworkshop emails and followp interviews

Analysis, evaluation and synthesis of data was
undertaken to achieve the workshop outcomes.
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Examples include: identification of comments relati
to missing data in material presentedaluation and
synthesis of the data to identify key themes emergi
from a synthesis of collected data.

5. Limitations and mitigation

Some limitations applied to our methodology, and
we undertook mitigations to address them as muc
as possible:

Potential risk of a lack of structure to the data
collection given the open discursive nature of
workshops. Mitigated through clear workshop
briefings, purpose(s), agenda and sound facilitatic
ensure participants had a range of opportunities tc
contribute and group discussions remained focuss
on the research questions.

Potential risk participants have a personal prefere
for text based or commercial reason for not
contributing comments in an open forum. These w
mitigated through the use of chat, and facilitation
introducing chat comments on participants behalf,
andthe opportunity to contribute for an extended
period after the workshop by email.

Potential risk that stakeholders did not participate
all workshops. This was mitigated through providit
an overview if work to date in each workshop and
distributing slides to invitees.
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2. Stakeholder engagement gl T
.
Overview of stakeholder engagement plan
LAEP stages>> 1 ) 3 4 5 6 7
Objectives / Purposes Governance set Review constituents  Agree regional Review potential Review neaterm, low Identify Presentatio
up. of the local energy scenarios to be futures for the regrets propositions opportunities for n of draft
system used in the LAEP  local energy systenm Share deployment regional LAEP
Identify relevant Review the modelling Determine ‘low pathways to net zero. collaboration and results
regional policy local energy system Identify regrets' neaterm Identify local and focus from local
and strategic baseline. local scenarios for propositions regional actions and discussions.
drivers for work Review potential each LA Review  Understand local responsibilities
and create scenarios regionally barriers and
objectives consistent enablers
assumptions for
Review LAEP modelling
stakeholder
mapping
Key outputs Objectives for the Set Agree fourfuture Identify low- Agree collective action tc¢ Agree regional Final
LAEP local strategic energy energy scenarios, regrets, near term  address barriers actio ns and comments
objectives, local as well as energy proposi to delivering responsibilities to
Stakeholder policy drivers. a ref er e tons. energy propositions support the
mapping refined not hingo locally delivery of the

local propositions

Technical advisor

Primary
Regional

Secondary

Table 2.1.2: Groups of stakeholders engaged at each stage of the LAEP process
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3. The current energy system
Overview

This section is structured as follows:
Methodology

This section summarises the data sources an
assumptions applied to describe the
characteristics of G
as it looks today.

Analysis

Presents key findings from the baseline analy
discussing energy use in buildings, transport
industry and how energy is currently generate
the local area.

August 2024
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Introduction (Chapter 1)

Stakeholder engagement (Chapter 2)

The current energy system (Chaptel

Methodology
Analysis

) 4

The future energy system (Chapter 4)

Scenario analysis

Deployment modelling

v

Action planning (Chapter 5)

Energy propositions

Creating theplan (Main LAEP Report only)

Figure 3.1.1: Flow diagram showing the chapters and
sub-chapters in this report (the chapter that follows is
highlighted in red)

29



Sponsors: Delivery partners

¥

Uywodeaeth Cymns CARBON
Vielsh Government TRUST

pE- Q

Technical Report

Chapter 3: The current local energy system (stage 3)

Methodology

Figure 3.0.1: Image provided by Bethan Richardson (Cyngor Gwynedd) ©

August 2024 30



3. The current local energy system

Methodology overview

This section provides a detailed overview of the
energy system baseline, and describes the
methodology and assumptions used to understan
current energynfrastructure, what types of energy
are used, what technologies are used to convert it
from one form to another (e.g. heat) and how muc
consumed.

1. Data collection

Energy consumption data and the capacities for
existing energy generators in Gwynedd were com
from local and regional sources, prioritising the
highest level of granularity possible. A Request fo
Information (RFI) was circulated to the Local
Authority to gather local datasets and policy
documents to inform the broader context for
renewable energy in the area.

Sectoral datasets were sourced through other
organisations such as Transport for Wales (TfW),
distribution network operator (DNO) and the gas
distribution network operators (GDN) where releva
Publicly available data sources and existing datab.
were #s0 used where appropriate. The resulting
dataset comprised of six core modules; buildings,
industry, transport, heat networks, renewable ener
and energy supply infrastructure. Detailed

August 2024

methodologies for each of these modules are outl
overleaf.

We collected baseline data for 2023 to include the
most up to date data for housing stock and renew
generation installations. The exception to 2023
datasets was for transport (2019) and industry da
(2019). Transport and industry datasets are the le
likely to have changed in terms of electrification o
the years 2019 to 2023, and transport is the most
likely dataset to have changed due to the COY®D
pandemic.

2. Data validation

The calculated results wereossreferenced with
existing datasets to evaluate their accuracy. This
validation process was essential to understand any
discrepancies between datasets and ensure the ov
precision of our reporting. The Department for Ene
Security a (DESNXefarmetlyeBESY
subnational total final energy consumption dat&é8et
formed the main source of validation, with other
datasets also considered for other emission source

3. Data analysis

Maps were generated to present spatial informatic
related to the current energy system to support
analysis.
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Context: maps showing socieconomic and energ)
efficiency data.

Demand maps showing electricity, heat/gas and
transport demand data.

Infrastructure : maps showing primary substation
demand headroom, generation headroom and th
proportion of properties that are not connected to
gas.

Supply: maps showing energy generators.
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3. The current local energy system

Methodology T electricity and gas network infrastructure

Electricity

Capacity data was combined with the correspondi
primary substation service area, assigning priman
substation capacity artbadroom to each primary
substation service area.

Each 11kV cable was mapped to a primary substz
and then to a Local Authority boundary. Where
primary substation service areas intersected one
more Local Authority boundaries, they were divide
into smaller modelling zones at the boundary. The
capady of the primary substation was then distribt
proportionally among its constituent modelling zor
based on the modelling zone's area as a fraction
primary substation service area.

For five small areas in the north Wales region, the
was no data provided. These areas with data gap:
were referred to as modelling zones, with an unlin
capacity for modelling purposes.

Exclusions

This piece of analysis only considers the distributio
network, as the transmission network is considerec
national asset and therefore out of scope of the LA

Gas
We used the percentage of-gs homes derived EP

datd®” to understand the extents of the existing natt
gas service area. The EPC data contains adeneds
statistics for around 60% of homes, including
information on heating type. The percentage ctaff
homes in the current system is the proportion of
domestic EPC records that are not heated by natur:
To extrapolate the eror off-gas designation to
buildings without an EPC rating, we created buildin:
archetypes and extrapolated the statistics using a
nearesneighbour extrapolation method

:
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Data input Data Data Data quality
source type
Primary SPEN Open Primary  Five small
substation Data areas in the
service Portaf° north Wales
areas and region were not
headroom included within
any SPEN
substation
zones.
Off-gas grid EPCdatd®  Primary  Heatingtype

data available
for ~60% of
homes

homes

Table 3.1.1: Electricity network infrastructure I data sources

Local Authority
Boundary

Modelling zone: split primary substation service
area assigned capacity based on area

v

70 m2

T2
100 m2
30 m2
Primary substation
service areas
*Note: areas shown here are theoretical values.

Figure 3.1.2: Process of mapping primary substation
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3. The current local energy system

Methodology 1 gas and electricity network infrastructure

Substations are important components of the
electricity network that allow electricity to be
transmitted safely at different voltages across the
network. Owned and operated by the DNO, (SPEN in
North Wales) primary substations reduce electricity
voltages to ensure safe usage in buildings.

These primary substations serve specific areas,
creating boundaries known as substation zones.
Torfaen is intersected by a large number of substation
zones, as shown in Figure 3.1.3. Note that throughout
this report, these substation zones are alsoresf to

as modelling zones.
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3. The current local energy system

Methodology | buildings energy demand

Carbon Trust has a wetistablished addres$svel
database thauposaepprao d
domesticandned o mesti c proper
addresdevel model enables a more accurate
assessment of buildiAgvel energy demand and
provides aetailed platform for assessing
decarbonisation measures and scenarios.

Addresslevel database

We created an addreksvel database for this
assessment by combining energy performance
certificate (EPC) (accessed February 2023) and
council data withOrdnance Survey (OS) AddressB
Plus’®,

For properties with no EPC record, we extrapolatt
insulation statistics at the postcode levete
Appendix B3.

Where possible, we supplemented this database
counciltsupplied data to improve the accuracy of
energy consumption statistics.

August 2024

Data input Data source Data type

Addresslevel attribute data ~ Domestic & nordomestic  Primary
(property type, insulation, EPC, display energy

construction age, heating fuel certificates (DECY’

etc.)

Outline polygons for buildings OS AddressBase Pl Primary
(GIS mapping)
Domestic heat and electricity Profiling tool Secondary
demand profiles commissioned by NGED

and developed by

Hildebrand®®
Non-domestic heat, electricity CIBSE non Secondary

and cooling profiles domestic electricity and
gas benchmark¥ and
Arup6s nor mi

profiles

Table 3.1.2: Baseline data sources (buildings)

&
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Data quality

Approximately 60% of
building stock covered.
Attributesextrapolated to
remaining buildings based
on closest neighbours.
Last updated April 2023.

Quality assured by GeoPlace
and contains the most
extensive and accurate
information available. Last
updated April 2023.

Uses data from approximately
10,000 smart meters from
across the UKategorised by
archetype to estimate average
electricity and heat demand
profiles.

Building profilesused have
been tested against other
buildings of the same type.
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3. The current local energy system

Methodology T building energy demand

Archetyping andgrofiling

We categorised all domestic and ribwmestic
properties into a numbered list of archetypes basel
the following parameters:

9 Property type and built form (e.g.
Detached house, top floor flat)
Construction age (before/after 1930)

9 Level ofinsulation

9 Prevalence of building type in Wales
An archetype is assigned the median or most comi
attributes of all properties in the archetype categor
E.g. the median attributes for archetype 1 are cavit
wall (filled); insulated loft; uninsulated solid floor;

38kWh/nt electricity demand; and 114kWh#annual
heat demand.

T

Data validation

We generated building profiles at the archetype lev
and aggregated to local authority area to adjust the
annual consumpt i on-natiomad ¢
energy consumption statisti€3

Differences are expected when comparing the natior
dataset to our bottomp results due to the difference ir
scope, boundary, technology efficiencies, occupancy
consumer behavi o-ogational The
statistic$® are therefore used to sense check our resi
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and scale the fuel consumption where the differen
hi gh. Consumption take]
statisticd®® is 3.1% lower per address than the bott
up generated profiles for electricity. The difference
signifies that the bottorap estimate for fuel
consumption i s c| -oasiomalt
statistics®.

We have highlighted two statistics in ttadle below
as potential sources for the difference. Unoccupan
buildings has not been considered in the bottgm
approach. Also, for nadomestic, one limitation of tt
archetype approach is that it does not capture the
of ways floor area cangbused for unclassified
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difference

3.1%

Domestic electricity demand difference

Domestic heat demand difference*

Non-domestic electricity demardifference

Nonrdomestic heat demand difference
Un-occupancy (Census 202i)

% nondomestic properties with no
archetype

-54%
-16%
-49%
19%
15%

archetypes. See Appendix B3 for a detailed list of Table 3.1.3: Demand differences between sub-national energy

energy benchmarks.

*DESNZOs

consumption statistics and building profiles

proxy for heat demand.

T® tepott gas ¢omsenmgption which was used as a
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Methodology | buildings energy demand

Domestic building archetypes Non-domestic building archetypes
No. Description No. Description

1 Detached after 1930 medium/high efficiency 12 Office

2 Detached low efficiency 13 Retail

3 Terrace- medium efficiency 14 Hotel/Hostel

4 Terrace- before 1930 low efficiency 15 Leisure/Sports Facility

5 Semidetached after 1930 low efficiency 16 Schools, nurseries And Seasonal Public Buildings

6 Semidetached after 1930 high efficiency 17 Museums/Gallery/Library/Theatre/Hall

7 Semidetached before 1930 low efficiency 18 Health Centre/Clinic

8 Semidetached before 1930 high efficiency 19 Care Home

9 Flat (any floor)- high efficiency 20 Emergency Services, Local Gov Services, Law, Military
10 Top floor flat- low efficiency 21 Hospital
11 Bottom floor flat- low efficiency 22 Warehouse

23 Restaurant/Bar/Café
24 Religious building

25 Transport Hub/Station
26 University Campus
27 Other nordomestic

Table 3.1.4: (Left) Summary of domestic building archetypes used and (Right) Summary of non-domestic building archetypes used
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3. Thecurrent local energy system

Methodology | transport energy demand

Here we explain the approach taken to assess the transport demand
baseline. The outputs of this baselining are regional mileage demand
maps and the transport values in laseline Sankey diagrams per local
authority.

We used data from TfW transport mod&lso estimate annual road

mi |l eage data between different par
the number of trips between two di
on an average day according to vehicle type. In this data, a trip is defined
by thezone where a vehicle's journey starts and the zone where it ends;
therefore vehicles which pass through a zone without stopping are not
counted. We estimated the route distance to be 130% longer than the
distancebt ween each areads centre poi-t
was based on Arup work from a previous local area energy plan in Wales.
We then scaled up that daily mileage value to an annual mileage value.

We then geospatially mapped these annual mileage values from the
TfW travel zones to substation zones. We summed over vehicle types to
produce the map shown on the right in Figure 3.1.4.

We also estimated the energy consumption in kWh associated with these
mileage values using vehicle typpecific kWh/mile factors, derived from
external sources of miles per gallon provided in Table 3.1.5: baseline data
sources (transport). The sum of thiger a local authority resulted in the
transport demand value for the baseline Sankey diagram.

Exclusions
Note that trips by rail are not included. Rail is considered a national asset.
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3. The current local energy system

Methodology - transport energy demand
Data validation

We compared our baseline results against two
datasets:

- our mileage values were compared against the
Department for Transport (DfT) road traffic
statistic$®®

- energy consumption values were compared agai
the DESNZ sulnational road transport fuel
consumption statisti¢¥',

The mileage comparison is on the right, which
compares total mileage of all vehicles. We found o1
estimates to be broadly consistent with the DfT dat
T in some cases above and in some cases below,
meaning the differences are likely due to differing
levels of route directness in different local authoritie

The TfW dataset was used for our analysis becau
was prepared on a zonal basis for each Local
Authority, which provided more detail compared tc
the DfT road traffic statistics which were prepared
Local Authority area.

Please see the energy consumption comparison
(Figure 3.1.6) on the next page.
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3. The current local energy system

Methodology | transport energy demand

Theenergy consumption comparison is on the right,
showing the total energy consumption as estimated by
met hod and by -natloreal fuelESNZ 6 ¢
consumption statistics. Our estimates are consistently
hi gher than the DESNZGavs
calculate the energy consumption of HGVs to be sever
times greater than in the DESNZ dataset, which is the
major driver of this difference.

Mapping of local electric vehicle charge points

In the baseline maps, we mapped local charge points
according to the postcodes supplied in the National
Chargepoint Registfy’.

For Gwyneddés baseline, v
National Chargepoint Registy so that it was consistent
with data sources used across Wales for reporting and t
specified any differences in the following sections where
they apply. It was decided that any data provided by the
Council wasn't included because it is not clear ihmw
many) chargers are duplicated with the mapped Natione
Chargepoint Registfy data.

Exclusions

Note that trips by rail and therefore enedgmand from
rail transport is not in scope and excluded from the

energy baseline. Rail is considered a national asset.
Journeys made by efbad vehicles are also excluded.
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Figure 3.1.6: Annual transport energy consumption; our analysis based on TfW data compared to DESNZ sub-
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3. The current local energy system

Methodology | transport energy demand

Data input

Demand tables

Miles per gallon values for
cars and LGVs

Miles pergallon values for
HGVs

Miles per gallon values for
buses

Number of diesel vehicles
and total number of vehicles

Postcodes of charge points

Data source Data type
North Wales Transport Model (NWT Wy Primary
Env0103:Average new car fuel consumption: Great Secondary

Britain. Assumes average age of 10 years for cars and 9.3
years for LGV,

Env0104: Average heavy goods vehicle fuel consumption: GI Secondary
Britain. Assumes average age of 11 yEars

Transport for London press release (20%4) Secondary
Vehicle licensing statistics data tables (veh0185) Secondary
National Chargepoint Registry (NCR) Primary

Table 3.1.5: Baseline data sources (transport)
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Data quality

Total number of trips between TfW zones for
typical 24hour period only. Trip distances no
available

fiObt ained under cons
controlled laboratory conditions and do
not refl ect external

iObtained under cons
controlled laboratory conditions and do
not reflect external

Does not differentiate between diesel and
petrol. Data source is a press release based
London buses; not Ukvide dataset. The
miles per gallon value may differ significantly
between driving in London and driving in
more rural parts of Wales such as mhajority
of Gwynedd.

All non-dieselvehicles assumed to be petrol

Relies on updates by contributors
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3. The current local energy system

Methodology | industry energy demand

We identified industrial demands in each local
authority using the large point sources database fr
the National Atmospheric Emissions Inventory
(NAEI) 2020'%°. This includes spatial coordinates fc
each point source that could be used to locate
industrial sites.

The NAEI database also contains information on th
emissions generated by each site. For this baseline
analysis, we only considered carbon dioxide emissi

To estimate the energy from emissions at each
industrial site, we divided emissions by the approf
carbon emissions factGt.

A RFI was sent to industry stakeholders to try and
obtain primary data fo

gas consumption, to validate calculated industrial

energy demands.

There is limited heavy industry across Gwynedd, ¢
as such we did not receive any further information
therefore used the NAEI emissions to provide a pr
for the energy used by the site. When calculating
energy demand, we only considered carbon eomss
in the conversion from carbon emissions to energy
demand.

August 2024

Data validation

There was no information on the industrial sites fi
any other sources that could be used for validatior

Exclusions

We omitted national assets connected to the
transmission network, as well as assets that did n
have any available data.
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Data input Data source Datatype Data
quality
Point National Primary Only
source data Atmospheric carbon
Emissions emissions
Inventory, were
2020% considered.
Other
emission
types were
discarded

Table 3.1.6: Baseline data sources (industry)
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3. The current local energystem

Methodology | local energy generation

We mapped generators identified in the renewab
energy planning database (REP®jo modelling
zones in geographic information systems (GIS) u
address or postcode.

Data validation

We crosschecked data against the energy gener:
in Wales (EGW)?2 2021 report to capture any
operational generators that were not captured in
renewable energy planning database (REPD)r
SPENOs embedded c da¥dhis
was the latest report available at the time of
developing the baseline.

As the EGW datasét® includes grounanounted
generators connected to the transmission network,
crosschecked any additional generators identified i
EGW against the transmission embedded capacity
register (TEC)®to ensure only generators connecte
the distribution network were captured.

Exclusions

Offshore wind generators were not captured.
Generators with capacities exceeding 100MW wi«
not captured. Generators that did not include an
electricity capacity or postcode/address were als
included.

August 2024

Data input

Installed renewablelectricity
capacity (MWe) for ground
mounted solar PV,

commercial rooftop solar PV,

onshore wind, hydropower,
biomass, AD, landfill gas,
sewage gas, energy from
waste, natural gas, oil.

Thermal generator installed
capacity (MWth)

Domestic rooftop solar PV

Data source Data type

REPD (January Primary
2023)7122

ECR (April 2023)
TN24

EGW (2021)%
Councitsupplied
data (where
available)

EGW (2021)r23 Secondary

EGW (2021)rz23
Councitsupplied
data (where
available)

Secondary
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Data quality

Distribution-connected generators only.

REPD: Renewable generators greater than
150kW*, UK wide, updated quarterly.

ECRs: Generators or storage greater than or
equal to IMW, DNO supply area, updated
monthly.

EGW: Generators connected to distribution or
transmission network, Walegide, updated
annually.

Generators listed by outward code (first half o
postcode) as no fuflostcode available.

Rooftop solar PV data was compiled using
feedin-tariff registers and other micro
generator databases.

Generators listed by outward code as no
full postcode available.

*the minimum threshold for installed capacity wasIW until 2021, at which point it was lowered to 150kW. This means that
projects belowl MW that were going through the planning system before 2021 may not be representedRERPE.

Table 3.1.7: Baseline data sources (local energy generation)
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3. The current local energy system

Methodology | greenhouse gas emissions

Generatiorbased emissiofactors are factors that
measure greenhouse gas (GHG) emissions (in CO
equivalent) per unit of electricity generated. These w
used in this analysis by multiplying the fuel feedstocl
each technology in the scope of modelling, with the
relevant emission factor.

GHG emission factors and their relevant sources are
presented in Table 3.1.8. Each emission factor is a 2!
estimation except for electricity, where a projection w.
used to reflect grid decarbonisation.

Exclusions

Emissions associated with the extraction, transportat
and distribution of the fuel sources are not considere
Lifecycle emissions of generation facilities are also

excluded. Renewable energy generators that genera
electricity with no intermediary (g- solar PV, wind etc.
are modelled as having no associated GHG emissiot

During workshops, a number of stakeholders raised
questions about domestic wood fuel consumption
(including logs for domestic firewood) for use in close
stoves (wood burners) and open fires. There is limite
regional data available on the wood fuel market
including the use of in-
around volume to mass conversation factor, therefor:
has not been accounted for within the baseline.

August 2024

Technology

Biomass

Coal

Diesel

Electricity grid

Landfill gas

Natural gas
OillLPG
Organic matter
Petrol

Sewage gas

Waste incineration

Value

0.0119

0.3226

0.2391

0.045

0.0002
0.1843

0.2413

0.0002

0.2217

0.0002

0.038

Units

kgCOee/kWh

kgCOme/kWh

kgCQee/kWh

kgCQOe/kWh

kgCOse/kWh
kgCOse/kWh

kgCOee/kWh
kgCOe/kWh
kgCOee/kWh

kgCOme/kWh

kgCOse/kWh

Sponsors: Delivery partners

2 ARUP
Lywodeaeth Cymny CARBON

{
Vielsh Government TRUST

D E-

&

Source

DESNZ, 2023 (Average of 4 biomass fuels: wood logs
wood chips, wood pellets, grass/stréi)

DESNZ, 2023 (Coal Industrial, Gross CVj21

DESNZ, 2023 (Liquid fuels Diesel (average biofuel
blend), Gross CVj21

National Grid FES 2023 (averaged scenario, without
BECCS). Also includes projection to 2059

DESNZ, 2023 (BiogasLandfill gas)t21

DESNZ, 2023 (Gaseous fuelsatural gas, Gross C\f}1

DESNZ, 2023 (Average of LPG and Fuel Oil, Gross C
T21

DESNZ, 2023 (BiogasBiogas)r21

DESNZ, 2023 (Liquid fuels Petrol (average biofuel
blend), Gross CVj21

DESNZ, 2023 (BiogasBiogas)t21

DESNZ, 2023; Tolvik, 202'¢

Table 3.1.8: Baseline emission factors (local energy generation)
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Technical Report

Chapter 3: The current local energy system (stage 3)

Analysis

Figure 3.2.1: Trefor, Gwynedd. Photo provided by Ambition North Wales ©

August 2024 44



3. The current local energy system

Analysis | local context

Gwynedd is located in the norttestern part of
Wales, bordered by Anglesey to the north (locatec
across the Menai Straight) and Conwy, Denbighst
and Powys to the east and Ceredigion to the sout|
Gwynedd is the second largest county in Wales a
predominately rural in nature, with a unique nature
environment, including high value landscape and
biodiversity assets such as Eryri National Park an
the LI Area of Outstanding Natural Beauty. Acrc
the county, smaller towns are generally located
inland, with larger towns such as Bangor, Caernai
and Pwllheli located along the coast.

Economics

There are two economic sectors that strongly
influence Gwyneddds ec
agriculture. Agriculture has traditionally been a
cornerstone of the economy and continues to be ¢
industry that employs over 5,000 people. Alongsic
agricultue, the tourist industry is also a key emplo
with an economic value of nearly £1 billion.

Cyngor Gwynedd is continuing to create condition
to attract investment into key strategic sites includ
Trawsfynydd Power Station, Llanbedr Airfield and
Parc Bryn Cegin/ Parc Menai.

Regeneration

Since 2012, Gwynedd Council has been working
together with Welsh Government to facilitate the
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devel opment of two of
sitesi TrawsfynyddSite and Snowdonia
Aerospace CentréJanbedr.

Cwmni Egino (CE) was established in 2021 by We
Government to deliver a site development plan fol
Trawsfynydd, focused on soe@&onomic growth.

Renewable Energy

Common to the rest of Wales, grid capacity acros:
the Transmission and Distribution networks in
Gwynedd is still highly constrained which may limi
the future connection of new generation.

Solar PV

Cyngor Gwynedd Solar PV Panels scherfbdase 4
will result in the installation of additional solar pan
on 54 of our buildings. Other renewable energy
projects in Gwynedd include a recently approved
planning application for a 4.99 MW solar PV farm
Llanbedrog, Pwiheli.

Hydropower

Gwynedd has the greatest number of hydropower
projects in Wales. Given the environmental
designations across the County, there are limited
opportunities for deployment of largeale renewable
energy projects. However, there are a number of
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community energy groups active across Gwynedd
providing future opportunities for micigeneration
and community scale development which could
contribute to future electricity generation.

Council fleet and local transport

At the start of 2024 we are purchasing an addition:
vehicles and installing EV charging points for fleet
public use. We are also investigating other alterna
including projects run by Ambition North Wales to
develop hydrogen as a potentiallfseurce.

The launch of our joint strategic plan for Gwynedd
and Eryri 2035, also include proposals for additior
EV charging infrastructure, and improved public
transport service, within and around the National |
This includes electric buses on tihew TrawsCymru
service between Caernarfon, Porthmadog and Ble
Ffestiniog. There are also community owned trans
initiatives across the county, including community
clubs, for example, Can-arfon, part of the Co Whe«
network.

Housing

The Council does not own any housing stock; soc
housing in the county
Cynefin and North Wales Housing who are all
currently carrying out a number of energy efficienc
initiatives with partners, for example, Project Sero
Gwynedl.

45



3. The current local energy syst
Gwyneddos ener

Progress to date

Cyngor Gwynedd successes to date:

9 Invested nearly £8million on carbon managem:
projectsincluding replacing streetlamps with LE
lamps, investment in EV charge points at depo
and our offices, in addition to purchasing low
emission fleet and refuse collection vehicles.

I Undertaken a baseline assessment of our carb
footprint andidentified relevant governance,
monitoring and reporting mechanisms for our
approach to decarbonisation.

9 Our energy conservation service has helped 1,¢
people with energy vouchers worth £81,773.

I We have achieved a 20% reduction in our cark
emissions from our procurement processes
between the 2019/20 baseline year and 2022/z

Cyngor Gwynedd Carbon Management Plans

Gwynedd Council formed a partnership with Carb
Trust in 2009 and, as a result, two Carbon
Management Plans have been approved.

The Carbon Management Plans (CMP) were
comprehensive strategic plans which outlined:

1 Gwynedd Council's carbon performance in
the baseline year of 2005/6

1 The identification of carbon improvement
and reduction opportunities

August 2024

9 The provision ofecommendations to improve
and reduce carbon

9 The setting of carbon reduction targets

In 2005/6, carbon emissions from buildings, street
lighting, waste, fleet and business transport were
31,155 tCQ. In 2020, the council achieved a
reduction in carbon emissions of 59.9% across its
buildings and 58.3% overall (since original 2005/C
baseline).

Cyngor Gwynedd Energy Conservation Measures

Cyngor Gwynedd has invested in automated
Monitoring & Targeting (aM&T) systems to reduce
energy waste across its sites and continues to upc¢
its systems. Encompassing the use of-halirly

Automated Meter Reading device data and energ
management software, this technology was the m
contributor to the 20.7% reduction in gas use seel
by comparing 2019/20 to 2022/23, equivalent to a
financial saving of £114,000. The latest upgrade
makes usef Artificial Intelligence technology and
will take us a step closer to the ultimate goal of ze
waste. In parallel with aM&T, Cyngor Gwynedd he
also invested in a large number of Building Energ'
Management Systems allowing centralised contro
of heatingsystems.
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Cyngor Gwynedd targets % change
from baseline
(2005/6 to
2020)

Street Lighting -80.3%

Fleet -35.7

Business Travel -58.0

Waste -55.5

Buildings and Solar PV -59.9

Total Emissions Reduction -58.3 %

(from baseline)

Delivery partners

Table 3.2.1: Cyngor Gwynedd carbon management plan targets

and results
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3. The current local energy system

Analysis | socio-economic context

Sociceconomic Context
Fuel Poverty

% of Households in Fual Povarty

Figure 3.2.2: Fuel poverty by LSOA in Gwynedd in 2019. Note: Data on

fuel poverty is only available at the Local Authority level.

A household isegarded as being in fuel poverty if they are unable to keep their
home warm at a reasonable cost. In Wales, this is measured as any household
would have to spend more than 10% of their income on maintaining a satisfacto
heating regime. In 2019, atal of 22% of households across Gwynedd were
identified to be in fuel poverty (i.e. they are susceptible to relatively small chang
in income or energy costs.) in comparison to 14% of households acros$¥ales
Across Wales, households living in thevatte rented sector were more likely to be
fuel poor compared to owneiccupiers or those in social housing. These figures a
expected to increase to around 45% in 2862fargely driven by the impacts of the

pandemic.
August 2024
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Deprivation Group

Figure 3.2.3: Index of Multiple Deprivation by LSOA in Gwynedd in 2019

The Welsh Index of Multiple Deprivation 2019 (WIMD) is the official
measure of deprivation in small areas in Wales. It is a relative measure of
concentrations of deprivation at the small area level. Deprivation refers to
wider problems caused by a lackre$ources and opportunities. In 2019,
34.2% of the 73 LSOA areas across Gwynedd were ranked in the 50%
most deprived.
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3. The current locanergy system

Analysis T greenhouse gas (GHG) emissions by sector

The figures presented here are emissions produced by the
local energy system, as defined in Chapter 2: The current
energy system. The emissions shown in Figure 3.2.4 include:

9 Buildings: emissions from heating and electricity
use from all buildings

i Transport: emissions from road vehicles including cars,
vans, lorries, and buses. Trains are not
included. Road

vehicles —

9 Energy: emissions from electricity plants fired by 56%
fossil fuel

9 Industry: emissions from the large industry sites
identified from the NAEI emissions dataset

In 2023, GHG emissions per capita were 5.0
per capita, ranking the f3ighest of all 22 Welsh
Local Authorities.

The largest contributors to GHG emissions in Gwynec
i Road vehicleg56%)

A 99.9% of total GHG emissions are from the use
of petrol and diesel in road vehicles

1 Energy used in buildings(43%)

A 50% of total GHG emissions are from the use
of natural gas in buildings (gas fired boilers)

A 37% oftotal GHG emissions are from the use of
oil or LPG

August 2024

Industry Local
0% electricity
generatio

1%

Buildings
43%

Figure 3.2. 4:
emissions (ktCOzelyear) by fuel type
*excludes emissions from waste and land use, land use change and forestry (LULUCF)

(Left)
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Petrol _ Electricity
9% : 6% Biomas
i 0%

OillLPG
16%

Natural gas
22%

Diesel
47%

Total:
633ktCQe

Gwynedgeéar pHBye miexcdsioong 20Rt3¢
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3. The current local energy syst ‘1>m %
How to read a Sankey diagram

Baseline energy flows I Sankey diagram

This section provides a detailed overview of the I

energy system baseline, and describes the UN‘““’”"' Gric Stpnly: 061

methodology ar_ldf assumptions lrJ]sed to unticlerstan BHydroelectricity: 176 IElecmdty: 550
current energy infrastructure, what types of energ —Ground PV- 24 7
are used, what technologies are used to convert i —Onshore-wind: 15 Electricity demand: 591|
from oneform to another (e.g. heat) and how muc —Rooftop PV: 7 e ,
Landfill gas: 4 [1Resistance heaters: 191
consumed.

—Heat pumps: 14

—Anaerobic digestion: 3 _EVechargers: 1

The Sankey diagrams are a way of visualising enel
transfer from energy sources to energy demands v HGas: 654 ‘ .

. . Gas boiler: 549
energy vectors or conversion technologies. They a | ‘
read from left to right and show a snapshot of a Don; 509 Heat demand: 1,160}
scenario in time e.g., 2050. DO” boiler: 356

=Bjomass:-60
Energy transfers amdrawn to scaleand so are helpfi —Coal: 20 =Biomass-boiler: 36
to identify thesizeof each transfer and compare Coal boiler: 14 =
different scenarios.
This page and the following, reflect the energy Petrol/diesel: 1,820 Transport demand: 1,820}
baseline in Gwynedd in 2023, apart from the trans
(2019) and industry data (2019). Transport and
industry datasets are the least likely to have chan
in terms of electrification over the years 2019022, 1. Where the energy comes fror 2. How the energy is being converte 3. Where the enerqy is being us
and transport is the most likely dataset to have This side represents the differer This side represents tfieal
changed due to COVH29. energy sourcesincluding demandsfor each energy vectol
generation technologies and heat demand, electricity, demai
imports from the national grid transport demand.

Figure 3.2.5: How to read a Sankey diagram (using the baseline Sankey for Gwynedd - units are GWh/year)
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3. The current local energy system

Analysis T annual energy flows

The baseline analysis for Gwynedd provides insight into the
existing energy system in 2019.

29% of theelectricity supplied tothe local energy system
is from local renewable energy sources including: HNa“O”ﬁ' Grid supply: 561
9 55MW of hydroelectricity installed (176 GWh / year) F e .
mHydroelectricity: 176 El 1789
| 30MW of groundmounted solar PV (24 GWh / year) e Sy
9 4.4MW of onshore wind (15 GWh / year) —Onshore wind: 15 Electricity demand: 591'
—Rooftop PV: 7 )
o ) ) o Landfill gas: 4 [1Resistance heaters: 191
Almost all electricity generated is used to fulfil electricity — AriasvoblE digestion:2 —Heat pumps: 14
demand from buildings (i.e. not heat or transport). * —Ei-chargers:]
Gas: 654 M
‘ %Gas boiler: 549 -
Heating comprises the second largest component of energ - ’ ST NeaE AT RRE 16D
demand, accounting for 33% of total energy across Gwyne Hon boiler: 356
=Biomass+60 58
. . 3 - iler=36
Around half of all domestic properties (50%) are connecte: —Coal: 20 _?f;g;sl e 2
the gas grid (heated using gas boilers), with demand also
met byoil/LPG (24%) and electricity (13%).
Petrol/diesel: 1,820 Transport demand: 1,820
Almost allvehiclesin Gwynedd have internal combustion

engines (ICEs), with relatively low uptake of electric vehicle|
(EVs). Combustion vehicles leadgignificant energy losses
with over half of petrol/diesel energy lost during combustiori

Figure 3.2.6: Baseline Sankey diagram, representing energy flows in Gwynedd in GWh/year (2019)
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3. The current local energy system PE- &

Analysis | buildings energy demand

Buildings in Gwynedd contributed 247ktCO2e,
43% of total energy demand in 2023. 14,000

In total, around 64,000 domestic buildings are presen
in Gwynedd including 40,000 detached and semi
detached (60%), 17,000 terraced houses (2a@f),
8,000 flats (12%).

12,000

Unoccupied buildings in Gwynedd account for 19% of

10,000
8,000
the total stock, which is much larger than the Welsh
average of 7%* and could be due to transactional 6,000
properties and second homes. 4 000
Gwynedd also has high levels of houses off the gas ’
grid, with approximately only half of properties 2,000 I
(50%) having gas connections. . m Il

Number othomes

Homes that are not connected to the gas network 0
mostly use oll, electricity, LPG or a combination ! 2 3 4 Arch f 6 ! 8 9 10 =
for heating. rehetype

No. Description No.Description

1 Detached after 1930- medium/high efficiency 7Semidetached before 1930 low efficiency

2 Detached low efficiency 8Semidetached before 1930 high efficiency
3 Terrace- medium efficiency 9Flat- high efficiency

4 Terrace before 1930 low efficiency 1CTop floor flat- low efficiency

5 Semidetached after 1930 low efficiency 11Bottom floor flat- low efficiency

6 Semidetached after 1930 high efficiency

Figure 3.2.7: Distribution of domestic properties by archetype

August 2024 51



3. The current local energy system

Analysis | buildings energy demand

In Gwynedd there were an approximate total of 7,600
nondomestic properties, with Hotels and Hostels
being the predominant business type, accounting for
24% of nordomestic buildings. This reflects the
importance of tourism across the county.

Other prominent building archetypes included retail
(1,800 properties) and offices (1,100 properties).

Number of nordomestic properties

2000
1800
1600
1400
1200
1000
800

600

12 13 1
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No. Description No.Description

2CEmergency services, local gov services, law, military

August 2024

12
13
14
15

16
17
18
19

Office

Retail

Hotel/hostel

Leisure/sports facility

Schools, nurseries and seasonal public
buildings
Museums/gallery/library/theatre/hall
Health centre/clinic

Care home

21Hospital
22Warehouse
23Restaurant/bar/café

24Religious building
25Transport hub/station
26University campus
270ther nordomestic

Figure 3.2.8: Distribution of non-domestic properties by archetype
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3. The current local energy system

Analysis T monthly buildings energy demand profile

Energy demand has been presented on an annual basis in this report,itmpiittent to recognise that demand for different sources of energy varies on a monthly and
daily basis, and this can influence how we design a net zero local energy system to meet demand.

For example, Figure 3.2.9 shows monthly electricity and heat demand. Heat demand is much higher in the colder months toenpamader months, and electricity
demand stays relatively consistent across each month. These trends will influence whiaigieshor energy sources are best suited to deploy for consistent demands and
others that are less predictable and similarly, what types of energy supply might be available all the time (dispatcpat#d)todhose that are not (intermittent).

250

e & 3

Monthly demand (GWh)

Ul
o

0 | | II II II I- I I II II II I

January February March April June July AugustSeptember October November Decer

® Electricity demand = Heat demar

Figure 3.2.9: Monthly buildings energy demand profile for Gwynedd (GWh)
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Gwynedddos ener

Analysis T buildings and Industry energy demand

0 Building heat energy demand
The areas of greatest baseline heat demand (for buildings) alig
with more heavily populated areas across the county, including
o around Bangor, Porthmadog, Tywyn and settlements around tl
= A494 corridor, where gas boilers are the predominant heating
g type. There are patterns of lower consumption across the centr
@ of the county, aligned with the less densely populated areas of
9 Eryri National Park.
(2]
8 Less than 50% of properties are connected to the gas grid.
Buildings across Gwynedd rely on relatively high levels of
heating oil and electricity.
Industrial history of Gwynedd
Historically, the slate industry was the most important indust
£ oo Aliticetty = " Gwynedd. Todgy, Gw_yneddriot heavily industrialised, but so
Major industrial loads: Baseline fossi Baseline heat demand (MWh) g parts (such as industrial estates around Bangor) are more
SANEIECER (Wi [ 0-25000 ° commercialised than others. Cyngor Gwynedd own a numbe
; i I B 25000 50000 8 industrial units, industrial plots of land and 2 Enterprise Cent
I 50000 - 100000 = .
@ 20000 - 60000 B 100000 - 200000 — o Intec, Parc Menai, Bangor and Mec, Bangor.
. 60000 - 120000 0 125 25 50 '8
‘ 120000 - 240000 bt TE‘;an,j',';‘GSGa e ol e i g Major ide_lstrial IQadS . 3
T No major industrial loads were identified across Gwynedd.
=

Figure 3.2.10: Major industrial loads and baseline heat demand by substation zone across
Gwynedd in 2023. The data is based on meter level gas consumption data and is presented
in megawatt hours per year MWh/year)
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Gwyneddos energy baseline

Analysis T electricity demand in buildings (domestic and non-domestic) (MWh per year)

A

Electricity trends

Electricity consumption (total domestic and rlwmestic)
varies across the county. Areas of lower electricity energy
consumption are around Bangor, in the north of the county.

Areas of higher energy consumption tend to be located
around the more rural areas of coastline, around Bangor, and
in the south of the county (possibly due to an increased
number of buildings being off the gas grid, resulting in
increased consumption ofeetricity for heating).

Esri UK, Esri, TomTom, Garmin, Foursquare, - 0,000:::20.100

FAQ, METI/NASA, USGS, Esri, USGS

C

o

=]
o

[ Local Authority Electricity consumption (MWh/year) e

| ANW substation zones [ ]o- 10,000 (:,5)
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Figure 3.2.11: Electricity consumption (combined total of domestic
and non-domestic consumption) by substation zone across Gwynedd
in 2023. The data is based on meter level electricity consumption data
and is presented in megawatt hours per year (MWh/year)
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3. The current local energy system

Analysis T buildings (domestic) energy efficiency

The energy efficiency of the housing stock varies.
average, properties here exhibit belaverage levels
of insulation (e.g. 31% of homes have less than
<100mm loft insulation), influencing overall energ
performance. Only 24% of properties achieving€A
EPC ratings, much below the Welsh average of 4
This is the third lowest proportion of @y efficient
homes across England and Wales, partially due t
age of building stock.

Half of all properties are not connected to the gas
network. This is most prominent around Llanbedr
the west, the LI Rn Pen
around Eryi National Park.

1 50% of properties use natural gas for heating
1 24% of properties use oil or LPG for heating

1 13% of properties use direct electric for heatin
1 C.3% of properties use wood burners for heatil

Remaining properties use air or ground
source heat pumps or coal for heating

August 2024

Figure 3.2.12: Energy efficiency of domestic properties
across Gwynedd by LSOA, rated EPC A-C (2023)
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Figure 3.2.13: Proportion of domestic homes by EPC rating in
Gwynedd, rated EPC A-C and EPC D and below (2023)
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3. The current local energy system

Analysis | transport energy demand

In 2019, transport iGwynedd contributed 353
ktCO.e to the total emissions, accounting for 56%
the overall emissions. 63% of total vehicle miles ¢
covered in cars, 18% are covered by HGVs.

Gwynedd is mainly rural in nature, with the A5, A5!
A587 and A470 and the North Wales Rail Line
providing key transport links and connects part of t
area with the remainder of North Wales. This netw
has a significant impact on local employment,
fostaing economic growth and job opportunities.

Transport behaviour in Gwynedd reflects its rural
characteristics. There is a reliance on private vehi
due to limited public transport options in rural are:
and longer travel distances to essential services.
more rural areas outside the town cesitread links
are sparser, especiall
around the Eryri National Park.

Cars are the main source of transport emissions
accounting for 29% and 103 kt@®© HGVs account
for 44% of emissions and 156 ki@ despite only
accounting for 18% of mileage due to their higher
emissions intensity (gG@/km).

In Gwynedd, 0.22% of vehicles (as of Q4 2019) ar
electric or hybrid, similar to the Walegde average.

Gwynedd displays a distinctive pattern of car
ownership when compared to the national average

August 2024

79% of households in the area own cars, with an
average of 1.10 cars per household, which is sligl
below the national average.

To support a shift to active travel modes, the Nortl
Wales Metro programme has allocated funding foi
improved transport connectivity project in Bangor
focussed on rail, bus and active travel. Additionall
Gwynedd Council has recently been successful in
accessing funding to improve the walking and cyc
connections around

Electric vehicle uptake

To support the growing EV fleet, Gwynedd has
invested in EV charging infrastructure.

According to the National Chargepoint Registry, tIBus, 54, 7%

were 29chargepoints Gwynedd in May 2023
These points are distributed in areas with
comparatively high EV concentration and along nr
transportation routes to facilitate convenient charg
for residents and visitors.

To support an anticipated increase in the number
electric vehicles, Cyngor Gwynedd is actively
investing in charge points for its public fleet and fc
public use with funding provided by Welsh
Government.

YS9 ey 14
18%
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Figure 3.2.14: Total mileage (million miles / year) by vehicle
type across Gwynedd (2019)
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3. The current local energy system

Analysis | transport energy demand

Transport related energy consumption varies across
local authority. Areas of highenergy consumption ter
to align with the main thoroughfares of the A5, A55,
A587 and A470 as well as rural areas, where car us:
increased due to limited public transport options. Thi
because the numbers of journeys starting and endin
these lgations is higher than in areas with lower
population densities and smaller commercial centres

Areas of lowest energy consumption tend to be in ai
around main towns such as Bangor in the north,
Porthmadog in the west, likely due to better public
transport connections and active travel routes throug
key towns. Areas that are more rural in natulegthe
coastline and the LI RN
roads, also display low energy consumption.

Figure 3.2.15 spatially displays the locations of
chargepoints installed in 2019. From the maps, it is
evident that most chargepoints were installed in clos
proximity to arterial roads.

It is important to note that the chargepoints shown a
from 2019 extract of the National Chargepoint Regis
(NCR) and do not include private installations, leadir
to an underestimation of the total number in Gwyne
Furthermore, chargepoint viewer platforms such as
Zapmap can be used to supplement these findings

August 2024
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Figure 3.2.15: Public EV chargepoints registered on the Figure 3.2.16: Transport energy consumption (combined
National Chargepoint Registry across Gwynedd (data total across cars, light goods vehicles (LGV) and heavy
extracted: May 2023) goods vehicles (HGV) by LSOA (2019)
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3. The current local energy system

Analysis | industrial energy demand

Historically, the slate industry walse most important
industry in Gwynedd. Today, Gwynedd is not heavil
industrialised, but some parts are more commercial
than others. Industry contributes only a small propo
to the areab6s carbon fo
emissions by sector ir023).

There were 16,010 businesses, enterprises and
community companies in Gwynedd in 2019 with the
tourism industry being a key employer. Gwynedd's
employment rate (71.6%) was lower than across
Wales as a whole in the year ending September 20

Across the County other key employment and busir
sites include Coleg Menai and Coleg Meiriowyfor,
large further and higher education colleges (both nc
part of GrRp Llandrillo
Bangor. A significant part of the countgd within
Eryri National Park, which extends from the north ct
down to the district of Meirionnydd in the south and
tourism provides seasonal employment.

Since 2012, Gwynedd Council have been working
together with Welsh Government to facilitate the
devel opment of two of N
I TrawsfynyddSite and Snowdonia Aerospace Cent
Llanbedr.

August 2024

Sponsors: Delivery partners

{;{ E"Z ARUP

——
Uywodeaeth Cymr ?

lywodeaeth Cymry CARBON
Vel

Velsh Government TRUST

D E-

a
o
4

In 2021 Cwmni Egino was set up by the Welsh
Government to develop propostdsdeliver a site
development plan for Trawsfynydd, focused on
sociceconomic growth.
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O

-

Figure 3.2.17: No identified major industrial loads in
Gwynedd
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3. The current local energy system

Analysis | local energy generation

In 2023, Gwynedd had a renewable electricity
generation capacity of 92MW. These generators pla
important role in meeting the energy demands of the
region's residents, businesses, and industries. Asse
over 100MW are not in scope of this LAEP because
these are considered national assets. Seéeaf/éor a
map of existing electricity generation in Gwynedd
(Figure 3.2.18).

Hydropoweris the most prominent renewable energy
source harnessed in Gwynedd. In 2023, there was ¢
total installed capacity of 56 MW. The maijority of this
comes from the Maentwrog hydebectric power statio
and Cwm Llan hydropower.

Solar powemlso plays a vital role in the local energy
mix. Solar PV capacity amounted to 30MW of groun
mounted solar PV and 9MW of rooftop solar PV acr
the county in 2023.

Onshore wind powds not as prominent (4.4MW).
Although areas of Gwynedd upland topography may
good locations for harnessing optimal wind speeds ft
turbines, with Eryri National Park covering a large ps
the central and southern area of the county, and larg
areasof bestmost versatile land, it poses challenges i
obtaining permissions for development. Given
environmental designations and importance of-best
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versatile land across the County, growth of onshore
wind within Gwynedd is limited.

In addition to these renewable sources of generatiot
Gwynedd also generated some of its electricity from
nonrenewable sourceBossil fuel use (gas) accounte
for 4.5MW.

While Gwynedd is a significant contributor to its
electricity needs through local generation, it also
importeda portion of its electricity to meet the overal
demand, totalling on average 560GWh in 2023. This
import ensures a reliable and continuous supply of
power.

Due to a lack of centralised data for existing district
heating systems, heat demand mebbgt networks in
2023 was not calculated. Gwynedd do not have any
active heat networks. Potential heat network opportt
areas are identified where heat networks may be ab
deliver heating at lower cost than individual air sourc
heat pumps. This usually occurs naeras with
concentrated heat demands, i.e. industrial sites, higl
density housing areas, or where waste heat could b
captured and fed into network
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3. The current local energy system ‘\>m alss

Analysis T energy generation in 0
2023 Rooftop solar PV

In 2023, there was a total of 9 MW of rooftop
solar PV capacity across Gwynedd. Figure 3.2.18
shows where these systems are located.

Interestingly, there is slightly more capacity reported
in the north of the county and west (Llyn peninsula
including properties wit
compared to the east and
covering the Llyn Peninsula, had the highegiacity

of rooftop PV. More rural areas in Eryri National

Park and the west coast also have fewer buildings,
resulting in lower rooftop PV capacity.

O Local Authority Baseline rooftop PV (MW) by
outward code Kilometres
[Jo0-02 0 10 20 40
E gg ) (1)2 Esri UK, Esri, TomTom, Garmin, Foursquare, FAO, METI/
= 2540 NASA, USGS, Esri, USGS

Figure 3.2.18: Domestic and non-domestic rooftop solar PV (MW) by outward code (2023)

August 2024 61



Sponsors: Delivery partners

T

Uywodragth Cymr.
’ ¥ CARBON
Welsh Government TRUST

B3 Sm ()
3. The current local energy syste ‘\>mm.,

Analysis | electricity generation ’

J#E 0 Parciau Farr

Solar Park
Tyddyn Cae Cwm Llan
(Nefyn) solar hydropowe
PV farm

Maentwrog
power statiol

[Juocal Authority Baseline Local Generation Baseline Local Generation Roof PV by district
Technology Existing Capacity (MW) Baseline rooftop PV (MW) by outward code

© Anaerobic Digestion e 1 | j0-02

© Biomass ® s [ o2-08

® Energy from Waste ® 10 Blos- 16

© Fossil (Gas) . 50 Blis-2s

© Fossil (Oil) s - 40

o inons @

@ Landfil Gas Esn UK, Esri, TomTom, Garmin, Foursquare, FAO, METI/NASA,

© Onshore Wind USGS, Esri, USGS

© Sewage gas

® Solar PV (Ground) C

0 125 25 50

Figure 3.2.19: Local energy generators found in North Figure 3.2.20: Local energy generators in Gwynedd and their respective capacities (MW) and domestic and non-
Wales (2023) domestic rooftop solar PV (MW) by outward code (2019)
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3. The current local energy system

Analysis | electricity distribution network

Generation and demand headroom in a local authority
electricity distribution network refers to the remaining
primarysubstation capacity at the time of peak
generation or demand, crucial for maintaining a stable
and reliable power supply to meet the community's
needs.

Presently, Gwynedd faces challenges due to existing
grid limitations, which often lead to delays in new
connections and substantial associated connection
cost. These constraints impact the ability to develop
new energy sources and infrastructure, highiight

the need for grid upgrades and enhancements.

To illustrate, the maps in Figures 3.2.21 82122
show demand and generation headroom at primary
substations in Gwynedd. Note that substation and
LSOA boundaries do not typically align, and the
headroom has been distributed proportionally
among LSOAs by area.

Demand headroom in Gwynedd varies across the
region, from near zero to 8 MW per substation.

Supply headroom follows approximately the same
trends as generation headroom, with relatively high
demand and generation headroom around Eryri
National Park and the northeast of the county.
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Figure 3.2.21: Electricity demand headroom in Gwynedd by Figure 3.2.22: Electricity supply headroom in Gwynedd by

LSOA
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3. The current local energy system

Analysis T off-gas grid buildings (domestic only) shows extent of gas distribution network

The gas grid is used to heat around half of the (50%) of properties in 0
Gwynedd. This means that half of the properties in Gwynedd are not
connected to the gas network, which is nmeminent around Llanbedr to

the west, the Llyn peninsula and the east of the county around Eryri
National Park.

Approximately a quarter of those properties (24%) that are not connected
to the gas network use oil or LPG for heating. Thigeiserally consistent
across the whole county.

Fraction of homes without gas heating

"1 NW substation zones 10-0.2
[H0.2-04
B 04-06
B 06-08

- 08-1 Kilometres
0 10 20 40

Figure 3.2.23: Percentage of properties that are not connected to the gas
distribution network (2023)
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Technical Report

Chapter 4. The future local energy system (stages

Methodology

Figure 4.1.1: Image provided by Cyngor Gwynedd ©
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4. The future local energy syst
Overview

This section is structured as follows:
Scenario analysis

This section presents an overview of the future en
scenarios chosen and how they were agreed with
stakeholders. It describes our scenario modelling
methodology, including data sources asdumptions
and the criteria used to optimise each future ener¢
scenario. We then discuss the key findings from
scenario analysis in more detail, exploring the ene
system components that constitute each proposec
future energy system and what similastiand
differences there are between scenarios, and the
impact this has on network infrastructure requirem
and energy needs.

Deployment modelling

Scenario analysis highlighted energy system
components that played a role in all future energy
scenarios and coul d-th
regret,tneat er mo ener gy Syst
on for deployment. We created a deployment mod
undersand the deployment profiles for these
components, accounting for broader local and regi
strategic objectives and national targets that had b
discussed in stakeholder workshops. This is descr
in more detail in this section and in Appendix ALl. T
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outputs helped define the scale of change requirt
achieve net zero energy system, and to sete of
ambition from which the action plan could be base
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Creating the plan (Main LAEP Report only)

Figure 4.1.2: Overview of methodology 66



4. The future local energy syst
Scenario analysis

Methodology - overview

The process of creating scenarios involves consid
different versions of possible futures. Some of the:
may seem unlikely or evesurprising, yet they could
still be possible. Other scenarios explore the possi
outcomes of choices the world already appears to
making. By exploring multiple scenarios, we can
reveal patterns in energy supply trends, energy so
and renewable téoologies that play a part in multig
energy futures and use this to inform Cyngor
Gwyneddds investment d
when planning for the energy transition.

Scenario analysis is used to explore how different
assumptions about the future can impact how a
particular desired outcome is achieved. The future
Cyngor Gwyneddbés | ocal
many different dependencies, making it challengir
predict how it might look in the future. Therefore, \
used scenarios to explore how different potential
energy futures might influence how a net zero loc:
energy system is achieved. It is important to note
at this stage of LAEP we are not trying &fide a
preferred future energy system but evaluating a re
of potential future energy systems. This identifies
certain technologies or demand reduction
interventions that are prevalent in multiple energy
futures, and those that only appear in one or two
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helping us to determine the uncertainty and risk
associated with deploying certain technologies or
interventions to make informed decisions on a
suitable, credible approach to achieving a net
zero energy system.

This analysis was presented to stakeholders to su
a decision about what energy propositions Cyngor
Gwynedd mi ght -régeet neaterno n
energy propositionso a
and uncertainty associated with them based @n th
modelling results. This information was then taken
forward for further consideration alongside broade
plan objectives and local and regional strategic
priorities to inform C
Action Plan.

As part of this analysis, we also tested different
sensitivities to understand the impact of uncertain
and certain modelling parameters on the scenario
outcomes. The findings are reported in the followi
section.

What future energy scenarios were chosen?

Using the outcomes of Workshop 2 (Strategic opti
and priorities workshop), future energy scenarios ¢
their associated assumptions were agreed with the
primary stakeholders, ANW representatives and tt
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LAEP technical advisor. To allow for the comparis
of results at the national and regional levels, two ¢
the five scenarios were chosen to be tested acros
Welsh Local Authorities, and twacenarios were
chosen to be tested in all Local Authorities within
region. See Figure 4.1.3 for a description of each
scenario and its scope. The final scenario was ag
by Cyngor Gwynedd and was informed by the
Council 6s exi s ticabjgetivpsranc
energy priorities.
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4. The future local energy systi "\>3‘"‘;"'"1
Scenario analysis

Summary of future energy scenarios

1 A scenario for comparison which considers committed activities, and assumes that current and consulted upon policyrdoes
. and remains consistent.
Do Nothing 9 This scenario provides a castunterfactual.
9 There is no decarbonisation target for this scenario, and we do no use it in optimisation modelling.
1 Uses the lowest cost and carbon combination of technologies t&Waeét 05Mnet zero target.
_ 1 Assumes a moderate level of energy demand reduction across the system.
National Net Zero f  Model is allowed to import and export to the electricity grid, this assumes that the electricity grid is decarbonisatbearetirei
to allow for the demands, likely to be a combination of offshore wind, hydrogen CCGT, grid level battery storage timeséear (
are considered national assets and outside the scope of the LAEP)
9 Considers the lowest future energy demand across different sectors.
1 Explores the impact of energgducing initiatives such as home falingprovements and uptake of active travel and public
Low Demand transport use.
1 Model finds the lowest cost and carbon combination of technologies to meet predicted future energy demand.
1 Import and export of electricity as National Net Zero
1 Considers the highest future energy demand across sectors.
High Demand 1 Model finds the lowest cost and carbon combination of technologies to meet predicted future energy demand.
1 Import and export of electricity as National Net Zero
1 Bespoke scenarioThis scenario considers an energy system that does not import electricity across the local authority bound:

can export, looking to maximise opportunities for community owned renewable or low carbon energy, bringing forward ambi
Islanded: decarbonise thenergy system at an accelerated rate.

Community- Considers the highest plausible future energy demand across sectors.

focussed Considers a moderate shift to active travel and public transport and a reduction in car use.
Import not allowed over the local authority boundary but export is allowed to test the scale of opportunity.
Uses a costand carboroptimal range of technologies to meet predicted future energy demand.

=A =4 =8 -4

Figure 4.1.3: Summary of future energy scenarios
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4. The future local energy syst
Scenario analysis

Methodology | modelling parameters

We developed a set of modelling parameters that
describe certain characteristics of the future local

energy system and hatifferent factors could affect
in the future in each scenario. We set parameters

Technologies consideredre identified a list of viabli
technologies for the model to consider in the
optimised future energy scenarios. These technol
were reviewed by primary stakeholders to ensure
they accurately reflected technologies the local ar
were likely to casider in the future based on the
political context. For each technology, we collecte
key information defining costs, deployment and
relationships with other technologies.

Capital and operational costse considered costs
associated with capital and the operation of the
asset over its lifetime as the main parameter for tt
model to optimise.

Emission factorsemissions factors associated with
the operation of the asset over its lifetime were giy
a weighted cost and considered as part of the
optimisation.

We translated the assumptions associated with ea
future energy scenario into Callidg& an open
source, linear programming tool which was used tc
solve for the most cosand carboreffective future
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energy system in each scenario.

The methodology used to define these parameter.
described in the following section.

Future energy demand profilage estimated future
energy demand profiles by applying the assumptic
made about how energy demand for different ene
resources might change in each scenario. See the
following pages for more details.

Maximum and minimum capacities fignewable

technologieswe used maximum theoretical capacit
to make sure the optimisation of supply reflected-r
world constraints such as available land. Where th
was a project pipeline and/or installed capacity, th
were assumed to be built as a minimum capacity.

Geographic boundaryhe geographic boundary
specified what future energy demand should be
included in any given future energy scenario. Witt
each substation being used as the locational poin
the model to solve.

Time: we modelled the future energy system by
building an annual profile divided into 8,760 hourl
periods. We ran models usinght, 3-hr or 24hr time
periods, to better understand the sensitivities of tr
results on the time resolution chosen. Where the
modd was large (i.e. has a lot of substations such
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for Gwynedd), we could not always run an hourly
model, but over the 150 model runs undertaken o
project we are confident of the impact of the times
on the model outputs. The model runs presented |
this report are 24r runs.
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4. The future local energy syst
Scenario analysis

Methodology | optimisation

Once the modelling parameters had been set, we
used theCalliope model to optimise the future supp Modelling parameters
profiles using the fAob rr' """"" Y
carbon emissions. This instructs the Calliope mod: | y|  Optimisatior |y
search for the future supply profile that minimises : objectives :
and carbon emissions across the hypotheteat gf 1 \ :
supply and consumption in 2050 for each scenaric : Demand profile _L Outputs
The results suggest the most eastd carbon | T perenergy I onimisation T
i . . ) . 1 carrier L T S R ———— | Optimisec i
optimised generation profile using a mix of low 1\ 1|1 1 1
. 1] technolog!
carbon technologies that could be used to meet tr : Technology )i | | mix and :
future energy demand profiles estimated in each 1 : capacityi uppel H- I Error—ghdectklng Crtehatlont_ofl Salfie o capacitie: !
energy scenario. 1 L limits Ji anc gata mathematic: constraint |
i . i . 1 "l [ validation constraints o i
We reviewed the scenarios alongside primary _ i~ Technology )! : Optimisec |
stakeholders and, in some cases, the assumptions : Pexising M b dispatch  fi
updated based on local preferences. The main 1 \____capacities : I
adjustments requested were to the maximum : " taremsso M| TTTTEEEEeTs !
theoretical capacities for renewable energy gener: I i !
AR . o - I inks and I
which is discused in more detail in later sections. I existing 'r
E \___capacities J :
: ([ Technolog :
1 costs and I
: operationa T
10 inputs J1
' i

Figure 4.1.4: Optimisation modelling input data and desired outputs
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4. The future local energy syst
Scenario analysis

Methodology - technologies considered

The scope of technologies included in the energy
system model are broadly categorised as supply,
demand, conversion, transmission, storage.

Figure 4.1.5 overleaf shows the technologies and
carriers (energy vectors) that were modelled for
Gwynedddbés LAEP.

For each technology we collected key information
defining costs, GHG emissions, deployment

and relationships with other technologies. The
key parameters collected are summarised in
Table 4.1.1 (see Appendix B7 forore details).
Alongside the baseline information collated

on demands, existing energy assets and

potential renewable locations and capacities,

this information was loaded into a

database. Automated python scripting was used tc
handle this data and transform it into formatted
model inputs in preparation for running the model.
This approach ensuring efficiency and
consistency, and minimised opportunities for mani
errors.

There are challenges to projecting out many of the
technological data parameters, and some will carry
greater confidence than others. Novel technologies
example, might have a wider spread of potential cc
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in 2050 depending on the source consulted. For
guality assurance purposes, sources of costs and
details of any data transformations taken to
normalise all units were stored alongside their valt
in the database.
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Technology data parameters

Technology costs
9 Capex (E/kW capacity)
9 Opex (E/kWh output)

Technology emissions
9 Operational carbon emissions (t&IkWh)

Technology fundamental parameters
9 Efficiencies where applicable (%)
9 Technology lifetime (years)

Technology constraints

1 Maximum renewable energy technology
capacity, where applicable (kW)

' Minimum renewable energy technology
capacity, from baselinressessment (kW)

' Minimum connection capacities between
modes for transmission technologies

Table 4.1.1: Technology parameters
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4. The future local
Scenario analysis

Methodology - technol

energy systi

ogies considered

Energy supply

Energy import:

Conversion

Heat eneration:

” Electricity import “

L

Heat pump ”

” Hydrogen import ”

I ” Biomass boiler (elec) “

Heat networks ‘
Biomass import ‘

I ” Resistance heating "

Figure 4.1.5: Technologies included in optimisation modelling
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Local electricity generation:

Ground PV
Rooftop PV

On-shore wind

Canopy PV

Anaerobic digestion

Nuclear SMR
Hydroelectricity
Energy from waste
Landfill gas

Tidal

Electricty generation:

- Hydrogen CCGT _

Hydrogen generation:

Electrolyser

Methane reformation**

**note: modelled as a supply
technology

Transport:

‘ ” Electric car charging ”

‘ ” Hydrogen refuelling ”

Transmission

Energy transmission:

I ” Electricity network " |

I ” Hydrogen network " |

I ” Heat network " |

Energy storage:

Battery storage

Heat storage

Pumped storage
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North Wales

Energy demands:

Electricity demand "

Hydrogen demand "

Heat demand

Transport demand

Technology

[]

T

Input carrier
Electricity
Hydrogen
Heat
Biomass

Transport

T

Output carrier
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4. The future local energy syst
Scenario analysis

Methodology - future energy demand for buildings

High demand Low demand

We produced two scenarios for the buildings seictc
high and low demand. The high demand scenario
represents the most cagptimal route to upgrade all
buildings to the insulation associated with the curr
EPC C rating. Similarly, the low demand scenario
represents a higbost route to upgrade all buildings
to the insulation associated with the catrEPC A

rating. The national net zero scenario aligns with t
more pragmatic high demand scenario. The local
scenario also matches the high demand scenario.

To produce the scenarios, we chose packages of
retrofit measures for each of the 27 archetypes in
scenario. The retrofits are summarised in Table 4.
for domestic buildings and in Table 4.1.3 (overleal
for nondomestic buildings (see Appendix B3 fo
more detail). Electricity and heat profiles, generate
the archetype level, were reduced in line with Rd<
modelled changes to building thermal properties &
aggregated to modelling zones.

The rate of installations in the ne@rm considers th
targets and initiatives of the Welsh authorities, as
well as the major housing associations operating

across Wales.
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Scenarios that this
applies to

Electricity
demand

No change from baseline
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National Net Zero, High Demand, Islanded: Low

Demand community-focussed

5% reduction from smart appliance:

Heat demand

Costoptimal fabric measures applied to
upgrade all buildings with a rating of EPC
C and below withnsulation measures
associated with EPC-@&ted homes.

34,200 retrofits completed between 2023 ¢
2050.

All buildings below EPC A upgraded
with insulation measures associated
with EPC Arated homes.

60,500 retrofits completed between
2023 2050.

New developmen
build rate

LDP targets extrapolated to 2050:

19% increase in number of homes from 20z
2050

Historic rates applied:

6% increase in number of homes fi
2023 to 2050

DOMESTIC

New developmen®025 building regulation standard

energy efficiency

Net Zerobuildings with solar PV and
battery storage

Weather profile

4 days with temperature profiles equivalent to 2 days with Beast from the East

the '‘Beast from the East' (extreme weather  (-7°C lowest temp) temperature profiles
event in 2018 with7°C lowest temp)

(Appendix B3)

Interventions for
retrofit considered

High demand interventions plus
additional measures. See Appendix
for moredetails on measure applied
Options dependent on archetype

See Appendix B3 for details on meas
Options dependent on archetype

Table 4.1.2: Assumptions for domestic buildings in each future energy scenario
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4. The future local energy syst
Scenario analysis

Methodology - future energy demand for buildings (continued)

To upgrade buildings to EPC C, the most €ost
effective combination of measures was selected €
prioritising loft and cavity wall insulation&ppendix
B3 describes the types of retrofits and sources of
retrofit costs.

For the domestic profiles, SAP modelling was
consolidated with smart meter data in the network
planner profiling tool developed by Hildebrand
which improves the accuracy pifofiles by factoring
in diversity.

New developments were also added to the 2050

energy system by projecting housing and commer
growth in line with LDP targets for high demand, a
historic rates of growth for the low demand scenar

New domestic and commercial growth were spati:
mapped based on the location of existing domesti
and commercial properties. Large new developme
(>500 homes) were mapped separately to their pr
substations.

Limitations

The number of insulation retrofits required is base
the insulation in the current building stock. This
method is limited by the coverage of EPC (approx
60% of buildings) and the archetype approach of
grouping similar buildings that may have slightly

August 2024

different levels of insulation.

EPC rating is correlated, but not representative of
efficiency of a building. Therefore, the number of
properties receiving retrofit measures does not
necessarily correspond to the number of propertie
below EPC A or EPC C.

High Demand

Other scenaric

this applies to Island

National Net Zero, High Demand, Energy

Sponsors: Delivery partners
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The model limits nofdomestic archetypes to one
profile for each scenario. Energy density ranges i
limitation for all archetypes but particularly for
non-domestic archetypes which can vary hugely.

Low Demand

Low Demanc

Electricity
demand

No change from baseline

5% reduction from smart applian

Heat demand

Costoptimal fabric measures applied to
upgrade all buildings with a rating of EP(
and below with insulation measures
associated with EPC-@ted properties

All buildings below EPC A upgraded
with insulation measures associated w
EPC Arated properties

Employment
site allocation

2023 to 2050

LDP employment land allocations/jobs
projection (proxy) extrapolated to 2050

11% increase in commercial floorspace f

LDP employment land allocations/jc
projection (proxy) extrapolated to 20

8% increase in commercial floorspa
from 2023 to 2050

NON-DOMESTIC

Weather profile

4 dayswith temperature profiles equivale
to the 'Beast from the East' (extreme wea
event in 2018 with7°C lowest temp)

2 days with Beast from the East
(-7°C lowest temp) temperature profils

Interventions for
retrofit

. ventilation
considered

Same as domestiplusMEV/MVHR

Same as domestiplus MEV/MVHR
ventilation

Table 4.1.3: Assumptions for non-domestic buildings in each future energy scenario
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4. The future local energy syst
Scenario analysis

Methodology T future energy demand for transport

The methodology used here closely aligns with the
baseline methodology. The key difference is that tl
output was a yedong hourly demand profile in kWt

Like the baseline analysis, we used North Wales
Transport Model (NWTM)'? to determine transport
demand across Gwynedd. These models providet
number of trips between two different transport zo
(defined by TfW) on an average day. In this data,
trip is defined by the transport zone where a vehic
journey starts and éntransport zone where it ends.
Therefore, vehicles which pass through a transpo
zone without stopping are not counted. We estime
the route distance to be 130% longer than th@adte
bet ween each areads ce
indirectnessodo factor w
previous local area energy plan in Wales. We thel
scaled up that daily mileage value to an annual
mileage value and geospatially mapped these val
substation zones.

To determine the proportion of vehicles that convel
to either electric or hydrogen, we applied National
Gridds Future Ener gleadBg
the Way?>! percentages to the baseline annual mile
figure. Refer to Table 4.1.4 for electric and hydroge
vehicle percentages per vehicle type.
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Then, we applied growth factors for each vehicle 1
to the baseline annual mileage data obtained fron
NWTM to account for modal shifts. The selection
growth factors varied based on the specific scena
considered. Table 4.1.5 presents the grdattors
applied to each scenario.

Finally, we applied a transport profile to the annue
mileage figure, resulting in an hourly demand prof
over the course of the year. This profile was then
converted into an hourly demand in kWh using the
miles per kWh values specific to different veaic

types.
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%
Hydrogen
(mileage)

% Electric

Vehicle type (mileage)

Cars
Buses

Vans

Heavy Goods Vehicles
(HGVs)

Table 4.1.4: Assumptions for vehicle fuel type in the high
and low demand future energy scenarios
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4. The future local energy system “\>‘m&~
Scenario analysis

Methodology T future energy demand for transport (continued)

High demand Low demand

STehEleeToJol[[e1ife]s High Demand, Islanded: Communitycussed National Net Zero, Low Demand

Fuels of vehicles Nati onal Gr itdidendingtBeSvay 202 2) Nati onal Gr ™4 ¢eadindgtheSvay( 202 2)

Mileage for:
Mileage for: Carsi13% decrease (based on Wal esbd
Carsi 8% increase Newydd®® adjusted by Local Authoritgpecific car dependency factor. The

cardependency factor wakeveloped to reflect that rural areas may achieve

Busesi 5% decrease less than the nationwide target while urban areas may achieve more.

Transport energy rop
demand HGVs: 6% increase

Busesi Increases in proportion with the reduction in car journeys, scaled by
LGVs: 15% increase bus share of sustainable transport options and greater average bus occupa
compared to cars (based on Wa¥.esbd

HGVs - Increase by 6% (FES (2022) Leading the Way sceiigrio
LGVs i Increase by 15% (FES (2022) Leading the Way scéri§rio

Allthe abovec hanges are from Nat
(2022) AFalli™g Shorto sce

Table 4.1.5: Assumptions for future transport energy demand in each future energy scenario
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4. The future local energy syst:
Scenario analysis

Methodologyl future energy demand for industry

The 2020 NAEI (National Atmospheric Emission
Inventory) Point Sources data was used as the pr
source. The sites within this dataset were subseq
categorised as using higjnade heat or lovgrade he:
processes.

Limitations

Companies that owned the industrial sites across
Gwynedd were sent an RFI, requesting the sites
annual electricity and gas consumption and expec
change in fuel consumption for 2050. This was nc
provided therefore these assumptions need
verification with the owners.

NAEIl databasB°’d o esndt i ncl ude
sources as some information is deemed disclosive
Therefore, companies that owned industrial sites i
the Isle of Anglesey were sent a request for
information (RFI), requesting the annual electricity
and gas consumption aedpected change in fuel
consumption for 2050 for their site(s). This was nc
provided, so industrial energy demand was estim
using the NAEI databadé’ as a proxy. Any more
detailed assumptions would need verifying with th
site owners.

This database identified no large point sources acr
the county and therefore we assumed that industrii

August 2024

energy demand was zero in 2023 (used as the
baseline), and that there would be no large indust
energy demands (and associated GHG emission:
in the future energy scenarios that we modelled.
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4. The future local energy syst
Scenario analysis

Methodology I maximum potential capacities for ground-mounted solar PV and onshore wind

The maximum theoretical amount

of renewable resource (onshore wind, greund
mounted PV, and rooftop PV) was included in the
energy model as the sum of the baseline capacity
(discussed previously i@hapter 2 and the 2050
renewable resource (discussed below) for each
technology.

2050 renewable resourcé onshore wind and
ground-mounted PV

The maximum theoretical resource was calculatec
using local authoriyspecific renewable and low
carbon energy assessments and/or local developi
plans (LDP). These areas, along with an estimate
the equivalent land requirement land area are shc
in Table 4.1.6. A full breakdown of sources and
associated shapefiles used during the mapping
exercise is presented in Appendix B5.

Overlapping areas were calculated to ensure cap:i
were not doubleounted.

Where insufficient data was available to estimate st
and wind resources, a Welalde study completed by
Arup in 2019%, which ultimately fed into the Future
Wales: the national plan 204 was used.

Following the mapping of available resource areas
wind and solar capacity factors (MW/area) were us
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to estimate available capacity (MW) at the local
authority and substatielevel.

2050 renewable resourcé rooftop PV

Maximum available new resource for rooftop PV
capacity was estimated using raoka at the LA
and substatiotevel. Further information can be
found in Appendix B5.

Pipeline projects

Pipeline projects wereompiled using the REPE?
and ECRN?* datasets. Where relevant, Local
Authority projects which have had planning
permission granted (not necessarily an accepted |
connection) were included in the dataset.

We did not directly include the capacity of the
pipeline projects in the energy modelling process,
the pipeline capacities did not influence either the
minimum or maximum capacities allowed in the
energy models. However, the pipeline projects we
included in the deployment modelling process,
discussed further ihapter 4: Deployment mode

Seasonality and daily fluctuations

To capture fluctuations in solar and wind power,
hourly resource profiles were used for wind sp&ed
and solar irradianc¢. Both profiles were based on

Sponsors: Delivery partners
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conditions at the centre of a local authority. For wi
speed, the hourly profile was based on a height o
metres and used the MERRRatmospheric modef.
For solar irradiance, the hourly profile assumed ai
optimal slope and azimuth, and used the PVGIS
SARAH2 radiation databa&&.

Maximum
theoretical
capacity (MW)

Equivalent land
area (km?)

Ground-
mounted
solar PV

8.9 (0.35% of lan
in Gwynedd)

Onshore
wind

1 (0.04% land in

LA (U Gwynedd)

Table 4.1.6 Maximum theoretical capacities (inc.
operational sites) and total area suitable (inc.
operational sites) for ground-mounted solar PV
and onshore wind
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4. The future local energy syst
Scenario analysis
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Methodology T maximum potential capacities for ground-mounted solar PV and onshore wind

Seasonality and daily fluctuations

To capture fluctuations in soland wind power
hourly resource profiles were used for wind
speed* and solar irradiancé®. Both profiles
were based on conditions at the centre of a
authority. For wind speed, the hourly profile v
based on a height of 80 metres and used the
MERRA-2 atmospheric modE¥. For solar
irradiance, the hourly profile assumed an opt
slope and azimuth, and used the PVGIS
SARAH2 radiation databab®&.

Figure 4.1.6 shows the location of different la
packages that could be suitable for groeund
mounted solar PV, onshore wind or both, anc
the generation capacity that is available in ea
substation zone. This overlay helps to highlig
the locations wherthere is renewable potentia
and where there is available capacity, which
would make conditions more favourable for
development. This is discussed in more detai
Chapter 5: Action planninavhere we introduce
the different Aprior
Gwynedd that have favourable conditions for

different low carbon technologies, including
grounagmounteda solar Pv and onsnore wina.
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A

O Local Authority ANW substation zones

Substation Generation Headroom (MW) I Solar area
° 0-1 =5 Solar and wind area (Welsh wide
@ 3-6 study)
@ 6-9
@ -1
Kilometres
0 125 25 50

Figure 4.1.6: Map showing areas suitable for wind and ground-mounted solar PV development in Gwynedd, based
on a Wales-wide study completed by Arup in 2019 and Substation generation headroom (MW) by substation zone
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4. The future local energy syst
Scenario analysis

Methodology | electricity infrastructure

Theelectricity distribution network was structured
into three distinct levels:

1. Grid-level: This level operated at an extra
high voltage of 132kV

2. Primarylevel: This level operated at a high
voltage of 33kV

3. Consumeilevel: This level operated at a
low voltage of 11kV.

To transition between these levels, two types of
transformers were used; grid transformers (locatec
grid substations) and primary transformers (locate:
primary substations). Figure 4.1.8 illustrates the flc
of electricity between these substatiamshe model.

Each modelling zone was connected to a primary
substation and grid substation, as well as a pseud
substation.

Primary substation

Each modelling zone was part of a primawpstation
service area. The capacity of the primary substatic
was split proportionally between its modelling zon
by area. For modelling purposes, the portion of th
primary substation capacity allocated to a zone wi
located at the zone centroid.
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Grid substation

To facilitate grid import, each zone was connectec
grid substation, either directly or via other primary
substations, via the following:

1. We plotted the locations of grid substations. Fi
each primary substation service area which he
grid substation physically located within it, eac
constituent zone was allocated a grid substatic
the model.

2. Modelling zones were interconnected with oth
zones that shared the same grid substation.

3. Finally, any zone not yet connected to a grid
substation directly was linked to the closest
connected zone, based on the Pythagorean
distance between their centroids.

Pseudoesubstation

We assigned each modelling zone an additional
pseudesubstation, a theoretical primary substatior
with unlimited capacity. In conjunction with costs
kW (rules of thumb provided by the DNOs; reabrid
costs are likely to differ depending on the netwprk
this enabled capacity expansion (with associated
considerations) when required.
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l National grid
import
4

Grid-level electricity lines
(132kV)

4
[ Grid
substation

Primarylevel electricity lines
(33kV)
v

L Primary
substation .

Consumedlevel electricity
lines (11kV)

L Demand J

Figure 4.1.7: Modelled electricity flow for each substation
zone
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4. The future local energy syst
Scenario analysis

Methodology | gas infrastructure

We assumed that in all futuemergy scenarios for
2050, there is no longer a demand for gas, coal ai
other fossil fuels, as this demand has been replac
renewable forms of energy. Gas blending was als
excluded because we modelled the 2050 scenaric
we assumed the network Wile fully hydrogen at thi
point.

Hydrogen demand is modelled at the same level ¢
granularity as other supply technologies and there
Amodel ling zoneso alig
to model electricity infrastructure and supply.

We setassumptions about future hydrogen deman
(for combustion) which has been described in ear!
sections. There is a high level of uncertainty arour
where hydrogen will be produced and how it will b
supplied in 2050, and as a result, is left undefined
the future energy scenarios. This means that any
hydrogen demand can be met by hydrogen from
el ectrolysis within th
i mporto which could be
within or external from the LA using the existing g
netwok.

We calculated the conversion of the baseline gas
rates into hydrogen capacity. We then establishec
modelling zones by mapping PRI nodes with spec
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zones, allowing for the allocation of import and ex
activities based on the pipes entering and exiting
modelling zone. We used optimisation modelling t
find the most cost and carbefffective way to meet

this future demand.

Exclusions

We excluded decommissioning of the gas networks
from our modelling. While decommissioning will pla
large role in the total cost of the hydrogen transition
current estimates for the average cost in Great Brite
suggest a magnitude of £1k/househtlith
£2.3k/household* it is still an area of great cost
uncertainty®, especially since the data available is
not specific to Gwynedd or Wales.

Sponsors: Delivery partners
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Low hydrogen

National Net Zero, Low Demand,
High Demand, Islanded:
Community-focussed

Scenario
application

No processes classified as
Aindustrial o in
A proportion of vans and HGVs
use hydrogen.

Industry

Transport

Domestic /
commercial
heat

Hydrogen is not considered for
domestic/commercial heat.

Table 4.1.7: Summary of assumptions related to hydrogen
demand applied to future energy scenarios
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4. The future local energy syst
Scenario analysis

Methodology | heat networks
What are heat networks?

Heat networks are one of the options for supplying
to buildings in The future local energy systdteat
networks supply heat to buildings through hot watel
pipes buried in the ground from a centralised heat
source. Centralised heat sources in decarbonised t
networks may be heat pumps (boosting heat from
sources like air, ground, water, or waste heat)
hydrogen boilers.

Heat networks offer benefits such as reducing
electricity infrastructure requirements and costs by
enabling use of higher temperature heat sources a
specific locations, which increase heat pump co
efficient of performance (COP), and offering large
thermalstores, which can shift the timing of heat
pump usage. Large centralised plants in heat netw
can also offer economies of scale. However, netwc
can be very complex projects to deliver, and netwa
pipework is highly expensive to build, meaning tha
they require high heat demand density to offer lowe
cost heating than alternatives like decentralised he
pumps.

How were heat networks modelled?

To determine which buildings should be supplied b
heat networks rather than decentralised heat pump
future, optimised energy system, Arup used its

proprietary HeatNet tool to assess where networks

August 2024

could offer a lower levelised cost of heat (LCoH) th:
decentralised heat pumps. The tool builds a graph |
series of nodes connected by edges) of the road
network, and then uses a prize collecting Steiner tre
algorithm to eval uptré zn
nodes and O6costsb6 to ed
and their length respectively. A buitt discounted
cashflow model evaluates the LCoH of resulting
net works. See Appendi-x
economic inputs.

We integrated the HeatNet results into the wider
analysis by allowing the heat networks to displace t
equivalent capacity of heat pumps selected by the
Calliope optimisation at each substation. This was
carried through capacities and energy analysisvast
not carried through to grid upgrade requirements. T
the grid upgrade requirements presented herein ca
seen as a worslase scenario, as heat networks (ofte
able to use highdemperature heat sources and
consequently often more efficient thdecentralised
heat pumps) may lighten the electrical demand.

Mapping heat sources

To capture the full potential of heat networks, locatio
specific waste heat sources, their temperature and tl
supply potential were mapped across Gwynedd for

including in the model. Figure 4.1.8 shows the waste
heat sources identified in Gwynedd. Irdditn to these
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sources, hydrogen boilers were made available to t
model at industrial sites expected to transition to
hydrogen in the future,
agnosticdéd heat pumps (i
largely regardless of locatianlike ASHPs) wih lower
COPs were made available without requiring netwa
to route to specific locations.

Treborth
WWTW#
Caernarfo Pentir GSP
WWT W=
Trawsfynydc
GSP

Figure 4.1.9: Heat sources identified in Gwynedd
* Grid supply point (GSP)

** \Wastewater treatment works (WWTW)
82



Sponsors: Delivery partners

3 A

. r)wc L]
Technical Report - MW%:.W §oa

Chapter 4: The future local energy system (stagss 4

Analysis

Figure 4.2.1: Image provided by Meilyr Tomos ©

August 2024 83



4. The future local energy system
Analysis

Comparing future energy scenarios T annual energy flows

We have explored several future energy scenarios
to help us create a strategic plan of action for
decarbonising the local energy system. The
following Sankey diagrams (Figures 4.2.2 to

4.2.5) are an output from our modelling and show
four potential fture energy systems for

Gwynedd. These hypothetical future energy
systems are a result of modelling a easid
carbonoptimised system based on a set of pre
defined modelling parameter and assumptions
about the future energy system in the local area.
They were optimised for each thrbeur interval

that made up a period of one year (more details
can be found itChapter 4. Methodologyrhere

are an infinite number of potential energy futures,
but these scenarios have been used to explore
what some of these futures couhgan for the

local energy system and understand the
characteristics of these systems to inform the
priorities fdermaGaoywleddds near

August 2024
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4. The future local energy syst

Analysis

National Net Zero scenario T annual energy flows (GWh, 2050)

Energy supply Energy conversion Energy demand and stor:
1

There could be a significant
increase in renewable energ,
generation compared to
baseline, particularly ground
mounted solar PV (17 times)
rooftop PV (24 times) and
anaerobic digestion (47
times).

Tidal is introduced and could
produce 70 GWh per year.

Small contribution from
canopy PV, which serves bg

electricity and heat demand.

A |
LN il 1

[lOther hydrogen generation: 149 |_|Hydrogen: 204

WElcerFaloeers: 55 HHydrogen refuellers: 92
- Y S: 29

National Grid supply:§1,030

EV chargers: 721 Transport demand: 813

Ground PV: 395 Electricity: 2,030

Electricity demand: 675

EHydmeIetztnclty: 176
Resistance heaters: 15 Export to National Grid: 54w
Rooftop PV: 171 =Heat network: 17

[JAnaerobic digestion: 140
mTidal: 70

Onshore wind: 42
—Canopy PV: 2

Heat demand: 1,220
Heat pumps: 1,190

Heat: 1,220
—Landfill gas: 6

—Biomass:t —Biomass-boiler:—1 -

The average Welsh home u$325MWh/year of electricity, which is 0.003GWh for comparisq
with the scale on the Sankey. In terms of gas, a typical home uses 12MWh/year, which is 0
GWh for comparison with scale on the Sankey.

Figure 4.2.2: Sankey diagram for a potential future 2050 energy system | National Net Zero scenario (GWh). Based on a 24-hour timestep
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Hydrogen could be imported
or generated from electrolys
to power Heavy Goods
Vehicles.

Majority of transport demand
met electricity could be
supplied through EV charger:
Hydrogen refuellers could
meet 11% of demand.

Future energy system could
have a small portion of the
generateetlectricity exported
(2.7%).

Annual electricity use could
be up to 2.6 times larger tha
the baseline.

Heat supply could be

predominately met by heat
pumps (98%).
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4. The future local energy syste

Analysis

High Demand T annual energy flows (GWh, 2050)

There could be a significan
increase in renewable
energy generation,
especially grounanounted
PV and onshore wind.

[The National Grid supply
could increase by 84% fron
the baseline.

IAnaerobic digestion could
increase by 139 GWh from
the baseline whereas
biomass could decrease by
59 GWh.

[l0ther hydrogen generation: 147
National Grid supply:§i, 040

Electricity: 2,050
Ground PV: 395

ijdroeIectricity: 176
Rooftop PV: 171

IAnaerobic digestion: 142

mTidal: 70
Onshore wind: 42

—Canopy PV: 2

—Landfill gas: 6

Biomass:1 Biomass-boiler:—1

DHydroqen: 200

BElectrolysers: 54

EV chargers: 740

Resistance heaters: 15
—Heat network: 17

Heat pumps: 1,190

Heat: 1,220

DHydrogen refuellers: 90

Transport demand: 830

Electricity demand: 675

Export to'National'Grid: 53=

Heat demand: 1,220/

Figure 4.2.3: Sankey diagram for a potential future 2050 energy system T High Demand (GWh). Based on a 24-hour timestep
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Majority of transport
demand could be met by
electricity supplied through
EV chargers with the
remainder from hydrogen
refuellers.

| Hydrogen generation and

| hydrogen.

imports could contribute tq
transport andnhdustrial
demands. <10% of
industrial demand met by

Heat could be
predominately met by hea
pumps, with small
contributions from heat
networks, biomass boilers
and resistance heaters.
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4. The future local energy syst

Analysis

Low Demand T annual energy flows (GWh, 2050)

22% of electricity demand
could be met by Ground P\
an increase from the baseli
where only 3% was met by
Ground PV.

hydroelectricity could stay
he same compared to the
baseline but tidal could be
introduced, generating 70

biomass which could be
lower than the baseline by
59 GWh.

DOther hydrogen generation: 142

National Grid supply:§853

Electricity: 1,810

Ground PV: 395

ﬂHyd roelectricity: 176

[1Rooftop PV: 171
WAnaerobic digestion: 97

mTidal: 70
mOnshore wind: 42
—Canopy PV: 2
—Landfill gas: 5

—Biomass: 1 —Biomass boiler: -1

Hydrogen: 204

WElectrolysers: 62
|
{EV chargers: 721

~Resistance heaters: 7
-Heat network: 17

| Heat pumps: 796

{Heat:

820

Hydrogen refuellers: 92
Transport demand: 8135

Electricity demand: 588

Export to National Grid: 74m

Heat demand: 820/

Figure 4.2.4: Sankey diagram for a potential future 2050 energy system T Low Demand (GWh). Based on a 24-hour timestep
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Transport demand in this
scenario is 91% supplied b,
electricity via EV chargers.
The remaining 9% is
supplied by hydrogen
refuellers.

Almost all heating demang
could be met by heat
pumps. Small amount of
biogas boilers and
resistance heaters could
needed for the remainder.

Electricity demand is 3
GWh lower than the
baseline.
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4. The future local energy syst

Analysis

Islanded: Community Focussed T annual energy flows (GWh, 2050)

There could be no electricit]
supplied by the National
Grid, although electricity
supply could increase by
195% from the baseline.

Anaerobic digestion could
experience a bigicrease
from 3 GWh at baseline to
1,350 GWh.

Renewable generation
technologies would see
increases in supply from
baseline including rooftop
PV (164 GWh), tidal (70
GWh) and onshore wind (2
GWh).

=Other hydrogen generation: 65

Anaerobic digestion: fil, 350
Electricity: 2,330

|

[JGround PV: 395

mHydroelectricity: 176

=Rooftop PV: 171
=Tidal: 70

=Onshore wind: 42
—Canopy PV: 2

—Landfill gas: 3 —Biomass boiler: 1

—Biomass: 1

mHydrogen: 202

mElectrolysers: 137

DEV chargers: 740

mPumped storage: 117
M :
Heat pumps: 1,200

—Resistance heaters: 1

Heat: 1,220

—Heat network: 17

CYNGOR

GWYNEDD

—Hydrogen CCGT: 1

mHydrogen refuellers: 90

Transport demand: 830D

Electricity demand: 675.

Export to National Grid: 2—

—Thermal storage: 1

Heat demand: 1,220H

Figure 4.2.5: Sankey diagram for a potential future 2050 energy system T Islanded: Communityi focussed (GWh). Based on a 24-hour timestep
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Much of hydrogen supply
could be used for hydroger
refuellers to meet transport
demand with a small
volume also going to
hydrogen CCGT.

89% of transport demand
would be met by EV
chargers.

Electricity demand could b
slightly higher than baselir
by 89 GWh.

Heat demand could be 60
GWh higher than baseline
with heat pumps meeting
the majority of this demant
The remainder could be m
by biomass boiler,
resistance heaters and he:
networks.

88



Sponsors: Delivery partners

{"?( fg ARUP

CYNGOR ZE—
TRUST
S, St
4. The future local energy systi ‘\>mmw.. €L
Analysis
Physical energy system components
Table4.2.1 and Table 4.2.2 (overleaf) show what Energy system National High Islanded:
energy components are present in each future en Baseline Low Demand P
gy comp P components Net Zero Demand Community-

scenario and on average, the amount of energy (GWh) (GWh) (GWh) (GWh) focussed (GWh)
generated/converted/transferred over a one year : _ _
tlmes_cale. This has then been benchmarked agait Import from Grid 561 1030 1040 854 0 (no import in
baseline redts. scenario)
Optimisation modelling shows growmounted, Hydroelectricity 176 176
rooftop solar and onshore wind generation
consistently increasing across all scenarios; Groundmounted PV 24 395
contributing to meetin
demand but also exporting in times of surplus to tl Onshore wind 15 42
National Grid, and sermg broader energy needs.
In contrast, biomass generation sees a decline ac Rooftop solar PV 7 171
all scenarios, likely due to a reduced dependency
resulting from the enhanced output of solar and w Landfill gas 4 6 4
farms. In contrast, use of coal sees a decline acro
scenarios, and hydrogen is generatedéetm Biomass 60 1
electricity demand as a dispatchable form of energ
where renewable energy sources are not generati Coal 20 0
incorporated into the energy mix in all scenarios,
sustaining the transport demands across the coun Canopy PV 0 2

Tidal 0 70

Other hydrogen generatior 0 149 147 142 65

Table 4.2.1: Comparison of energy sources across the scenarios (GWh in 2050)
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4. The future local energy syst ‘\>m
Analysis

Physical energy system components

Table 4.2.2 focuses on the different conversion and t.ransfer Energy system Type Baselin Nlalt\lé?a High Low Sk
technologies that the optimisation model has chosen: components e Zero Demand Demand Community-
9 We see a significant uptake in EV chargers to meet the increasec (GWh) (GWh) (GWh) (GWh) focussed (GWh)
uptake of electric vehicles, and hydrogen refuellers used to suppl
hydrogen to heavy goods vehicles that service the area. i i
ydrog vy g . . gﬂaert(_)blc o Conversion 3 140 142 97 1.350
1 Heat pumps are the dominant conversion technology used for he  Digestion (plant)
buildings, and this is consister_mt across all scena_rios. While heaf[ Pumped storage  Storage 0 0 0 0 117
networks and other technologies contribute to this demand, their _
usage is comparatively less. Electrolyser Conversion 0 55 54 62 137
9 We also see surplus electricity exported to the National Grid in EV chargers Transfer 1 721 740 721 740
all scenarios serving wider energy needs. Export to Transfer ,
i Anaerobic digestion increases substantially in the bespoke "Islan  National Grid 0 >4 53 7
communityi focussed" scenario. Since this scenario does not allo
import from the national grid, and otftechnologies such as grounc  Héat pumps Transfer 0 1,190 1,190 796 1,200
mounted PV and solar have reached the maximum capacity (due
constraints applied such as best most versatile land), anaerobic  peat networks Conversion 0 17 17 17 17
digestion is selected to meet the electricity demand in the system . _
This is a demonstration of thamacity that would need to be met by rF]{eS|stance Conversion 191 15 15 7 1
reasonably omlemand sources. eaters
9 Pumped storage has been included within the bespoke scenario* Biomass boilers Conversion 36 1 1 1 1
take account of the Glyn Rhonwy pumped storage project. The
scheme was granted a Development Consent Order in 2017. Hydrogen Transfer 0 92 920 92 920

refuellers
9 There was no additional capacity identified for hydropower schen

across Gwynedd. Data on hydropower resource is limited due to  Hydrogen CCGT  Conversion 0 0 0 0 1
information on "existing bar

may befuture opportunities arising for small scale O'j _larger scale Table 4.2.2: Comparison of energy conversion / transfer technologies across the scenarios (GWh in 2050)
pumped hydropower (or pumped storage) opportunities across

Gwynedd, however this will require further analysis.
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Analysis

Electricity generation and consumption

Our previous results have shown annual averages for energy generation and consumption. Figure 4.2.6 shows monthly avergemsfo optimised generation an
consumption of electricity to show what balancing could ldakin the High Demand scenario.

Electrification of transpo 300 Solar PV and onshore wind are
could make up a significa two of the most costand carbon
amount of the final electrici _ efflc:len_t technoI(_)g_|es for
demand. This is due to th ‘g Solar PV producing eI_ect_rl_cny and coul_d
higher weltto-whee 2200 i make up a significant proportio
efficiencies compared = Onshore wind of generation each month, but
hydrogen vehicles. Electrici ? "National gridimport generation is intermittent and I¢
demand from E\thargers i g 100 ' predictable ov
. et Hydroelectricity f tside the | |
unaffected by the time 5] rom outside the local energy
year S 0 - Norvindustrial electricity system increase Wher_] renewal
@ ! demand electricity generation is not
Electrolysers could al: o ' _ National grid export available to ensure that deman
TR D100 . - .
consume electricity in tt 2 Industrial electricity demand| Met
modelled systems to gener kS “Electrolyser demand Electrified heat demand is
hydrogen, but this is a sm 3] 1 - relatively low in the summer
proportion of total ener ﬁ 2200 Electrified heat demand EV months compared to the
demand and tends to be hig 'charger demand winter months, and the graph
between March and Septeml shows that in these months
-300 more electrici
$ H L PP S S from the electricity grid to
S w\\é W L \3@ & & & &L iti Y
R v & T ¢ meet the additional demand,
when renewable electricity
Figure 4.2.6: Monthly electricity generation and consumption in the High scenario generdon is not available.
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4. The future local energy syst
Analysis

Buildings

Figure 4.2.7 shows the different technologies that are
deployed to medieat demand in homes and commercial
properties in 2050, compared to 2023.

9 In 2023, gas boilers and oil/LPG boilers were the mos
common heating technology installed. In all future
energy scenarios, all fossil fuel heating systems coulc
replaced by heat pumps, a small number of resistanc
heaters either as the main heatingeysor as a baekp
for the heat pump. This result is likely due to the high
efficiency of heat pumps (generates on average, 3k\W
heat for every 1kWh of electricity used) compared to
other technologies, and a lower capital cost.

1 Heating systems are generally-aptwith heat storage
which can help to reduce peak demand by storing hee
when there is less demand on the electricity grid and
release it when it there is higldgmands. Heat storage
also reduces GHG emissions and costs by making su
energy is used when itéds
higher proportion of renewables on the grid.

9 Heat supplied to buildings is lower in the Low Demar
scenario for 2050 compared to the other scenarios
because we assume that significant energy efficienc
measures have taken place in a larger number of hol
to the level associated with EPC A ratingsijat
improves their thermal performance and reduces ove
energy demand on the system.

August 2024

o

Heat suppliedo buildings per yeafG\Wh)
o

202320302050

o

202320302050

Figure 4.2.7: Proportion of heat supplied to buildings by technology in 2050 for each scenario

B Biomass boile
(heat)
® Heat pump

B Resistance
heating

® Solar thermal

W Heat storage

m Biomass CHF

W Heat network
heat pump

m Heat network
electric boiler

m Gas boiler

m Oil/LPG boiler
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4. The future local energy syste
Analysis

Comparing future energy scenarios - Buildings

Figure 4.2.8 shows thtetal number of energy
efficiency measures that need to be completed
between 2023 and 2050 and their relative proportions
in each scenario. In the High Demand scenario, our
approach considers the most eeffective package of
retrofit measures for eachchietype to reach heat loss
measurements associated with an EP@t€d home

or building. This means that in the High Demand
scenario, cavity wall and loft insulation is fitted, but
more expensive measures such as solid wall
insulation and triple glazing @mot.

In the Low Demand scenario, all practical measures
are installed where possible regardless of cost, which
is why we see deployment of solid wall insulation and
triple glazing, as well as an increase in the deployment
of floor insulation measures.

August 2024
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Solic wall
insulation and
triple glazing is
only deployed in

the Low
Demand
scenario
High Demand Low Demani
High Demand, National Net Zero Low Demand, Islanded: Community focus
B Cavity wall insulation ®Floor insulation B Roof insulatiol

m Solid wall insulation ~ mTriple glazing

Figure 4.2.8: Proportion of homes with insulation measures
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4. The future local energy syst
Analysis

Comparing future energy scenarios - buildings

Table 4.2.3 shows the number of existing homes 1
would needlifferent types of retrofit in the National
Net Zero, High and Low Demand scenarios. The
following five maps (overleaf) show where insulati
measures (cavity wall, solid wall, floor, loft and trig
glazing) could be deployed in the Low Demand
scenario, ggregated to substation zone. The meas
deployed depend on how technically viable it is to
deploy each one in different housing archetypes.
Scenario modelling explores what deployment of
these measures looks like in 2050, in two scenaric

High Demand: Costoptimal fabric measures appli¢
to upgrade all buildings with a rating of EPC C ant
below with insulation measures associated with E
C ratings. Up to 34,200 domestic properties and 2
nondomestic properties could be completed betw:
2023 and 208.

Low Demand: All buildings below EPC A upgrade(
with insulation measures associated with EPC A
ratings. Up to 60,500 domestic properties and 60(C
non-domestic properties could be completed
between 2023 and 2050.

August 2024

Insulation retrofit
measure

Cavity wall insulation % of homes

Floor insulation % of homes
Loft insulation % of homes
Solid wall insulation % of homes

Triple glazing % of homes

Sponsors: Delivery partners

% ARUP
TRUST

E s B

ﬂ North Wales

High Demand
Applies to: High

Demand, National Net Low Demand

Applies to: Low Demand

Zero, Islanded:
Communityfocussed

2.5% (1,600) 2.5% (1,600)

21%(13,400) 84% (54,000)
329 (20,800) 32% (20,800)
0 51% (32,600)
0 94% (60,500)

Cavity wall insulation % commercial units

Floor insulation % commercial units
Loft insulation % commercial units
Solid wall insulation % commercial units

Triple glazing % commercial units

2.5% (175) 2.5% (175)
1% (75) 62% (4700)
10% (75) 12% (900)
0 26% (1,950)

15% (1,150) 80% (6,050)

Table 4.2.3: Proportion of total homes that receive different insulation retrofit measures in each 2050 future energy
scenario. Note: These counts show measures undertaken at properties that are already constructed today and exclude
new developments. More than one measure can be installed at the same property
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4. The future local energy syste
Analysis

Comparing future energy scenarios - Buildings

Figure 4.2.9 shows the most buildings needing loft insulation are generally lo
in the north and west of Gwynedd. A substation requiring high amounts of ea

type of retrofit is Dolgellau towards the southeast of Gwynedd.

2050 Low demand: solid wall insulations
[ ]o0-300

[ 300-500

B 500 - 1000

I 1000 - 3000
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Figure 4.2.10 shows the area requiring the most cavity wall insulations is [
with moderate amount of cavity wall insulations neetieoughout Gwynedd.

2050 Low demand: cavity wall insulations
[Jo-s0

[ s0-100

I 100- 300

B 300-800

Figure 4.2.9: Map showing the number of solid wall insulation measures fitted by 2050 by
substation zone in the Low Demand scenario
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Figure 4.2.10: Map showing the number of additional cavity wall insulation measures

fitted by 2050 by substation zone in the Low Demand scenario
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Analysis

Comparing future energy scenarios - Buildings

Figure 4.2.11 shows that buildings requiring loft insulation are scattered i Figure 4.2.12 shows that flomrsulation is required primarily in substatiol
Gwynedd, with substation zones located along the coastline, around Bar in the north of Gwynedd, but with need in other around Bangor and LIy
and Llyn Peninsula identified as requiring loft insulation retrofit. Peninsula and Llanfachreth identified as requiring floor insulation retro

2050 Low demand: floor insulations
2050 Low demand: loft insulations

[ ] o-5s00
[Jo-s00 [ 500 - 1000
[ 500 - 1000 B 1000 - 2000
I 1000 - 3000 B 2000 - 5000
Figure 4.2.11: Map showing the number of additional loft insulation measures fitted by 2050 Figure 4.2.12: Map showing the number of additional floor insulation measures fitted by
by substation zone in the Low Demand scenario 2050 by substation zone in the Low Demand scenario
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4. The future local energy syste
Analysis

Comparing future energy scenarios - Buildings

Figure 4.2.13 shows triple glazing is most needed in the north, specificall
theBangor, Bethesda and Caernafron substations. Requirements for tripl
glazing retrofit measures also remain high in other areas throughout the ¢

Figure 4.2.13 identifies where listed buildings are located, these are gen
in and around Llanfachreth and south of Eryri National Park. These build
are more likely to be challenging to retrofit due to their protected status.
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2050 Low demand: triple glazing
[ ] o-s00

[ 500 - 2000

B 2000 - 3000

I 3000 - 7000

Listed buildings
[ Jo-20
[ 20-100
B 100-200
B 200 - 300
B 300- 450

Figure 4.2.13: Map showing the number of additional triple glazing fittings completed by
2050 by substation zone in the Low Demand scenario
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Figure 4.2.14: Listed buildings in Gwynedd
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4. The future local energy syst
Analysis

Comparing future energy scenarios - Heat networks

This section will analyse potential heat networks in Gwynedd, under
the low and high demand scenario.

Figure 4.1.8 identified potential waste heat sources, however there
were no networks identified with these sources.

Potential heat network opportunity areas have been identified where
heat networks may be able to deliver heating at lower cost than
individual air source heat pumps (ASHPSs). This usually occurs near
areas with concentrated heat demands, i.e. indusiteal high

density housing areas, or where waste heat could be captured and fed
into network.

The potential heat network opportunity areas identified for Gwynedd
are all associated with ASHP plants (rather than locapatific heat
sources). These include locations around:

- Bangor (high street)
- Llanygai Industrial Estate
- Porthmadog

How to read the heat network diagrams:

®< Low heat

demand

A larger and darker circle represents a location
inodeo with r ddmand compatec
to other nodes on the network.
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Bangori High Street

7

Llanygai Industrial Estatt

Porthmadog Huws Gray

@.

Figure 4.2.15: Map of identified zones for heat network potential
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4. The future local energy system
Analysis

Comparing future energy scenarios - transport

Figure 4.2.16 shows the total number of vehicle miles
covered in one year by vehicle type a&aénario.

9 Car mileage could decrease by 13% in the Low
Demand scenario but increase by 6% in the High
Demand scenario. This reflects the assumption that
in the Low Demand scenario, people choose to take
public transport or use active travel where possible,
rather tkan using their car for shorter journeys.

9 In both scenarios, 96% of mileage could be covered
by electric vehicles and 4% by hydrogen vehicles.
These are mostly hydrogen HGVs and buses.

I There are several factors that could influence
a greater uptake of hydrogen HGVs:

9 Hydrogen refuelling can be done ir83
minutes, compared to at least 60 minutes
needed for rapid charging, or overnight
for standard charging.

9 Hydrogen HGVs are projected to have up to
50% range advantage over battery electric
models (800km compared to 1,200km).

9 If the uptake of hydrogen HGVs is driven by wic
factors such as their range and ease of
recharging, and hydrogen becomes
widespread in the future, then a signific
proportion of HGVs could be powered

900

Millions

800

700

600

[
o
o

Miles peryear (miles)
S
o

300

200

100
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Buses
i Hydrogen HGVs
~Buses yarog
Electric HGVs Buses
_ i HydrogerHGVs
- Baseline LGVs — Hydrogen LGVs
) Electric HGVs
— Electric LGVs Hydrogen LGVs
B ) ~ Hydrogen buses
Baseline HGVs Electric LGVs
~ Electric buses
1 Hydrogen cars Hydrogen buses
Electric buses
1 Hydrogen cars
— Baseline cars Electric cars
— Electric cars
Baseline High demand Low deman
Applies to the High Demand a Applies to the Low
Islanded: Community focusse Demand and National N
scenario Zero scenario

W Electric cars  ®Hydrogen cars ® Electric buses ®Hydrogen busessElectric LGVs ® Hydrogen LGV

mElectric HGVs mHydrogen HGV#@ Baseline cars mBaseline HGVs#Baseline LGVs Buses

Figure 4.2.16: Total annual vehicle miles per year by scenario and vehicle type

hydrogen.
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Comparing future energy scenarios - Onshore renewables (electricity generators)

Our models indicate a significant expansion of ground
solar PV generation due to it being the most-efigtctive

and carborefficient solution to meet the forecasted ene
demands. In akcenarios, including National Net Zero,

Low Demand, High Demand, and Islanded: Commuinit
focussed, all suitable land was used for ground PV, wi
generation capacity of ¢.500 MW. Rooftop solar PV ar
onshore wind also deployed in all scenarios, at 215 M!
and 12 MW, respectively.

Anaerobic digestion increases substantially in the besg
"Islanded: community focussed" scenario. Since this

scenario does not allow import from the national grid, &
other technologies such as groundunted PV and solar
have reached the maximum capacity (due to constrain
applied such as best most versatile land), anaerobic

digestion is selected to meet the electricity demand in t
system. This is a demonstration of the capacity that wc
need to be met by reasonablydemand sources. For

Gwynedd this is unlikely to be a realistic representation
a future energy scenario for Gwynedd as there is no ct
aspiration for large investment in Anaerobic Digestion.

The other technologies such as hydroelectricty are lim
to the same capacity as the baseline, we do not expec
to grow. In practice, we know that it will be challenging
roll out the levels of deployment in the optimisation
modelling, and theresia big gap between the amount o
renewables installed per year now, to that needed to g
the levels of deployment in the modelling.

August 2024

Hydrogen CCG’

1,200 only present in

this scenario ®Hydrogen CCGT

" WHydrogen OCGT
1,000 mGround PV

®Rooftop PV

®Onshore wind
®Anaerobic digester
mHydroelectricity
ESolar car port
EBiomass boiler (ele:
mBiomass CHP

D
o O
o O

Installed capacityMW)
N
o
o

200 mBattery
mGas
0
2023 2030 205! 2023 2030 2050 2023 2030 2050 2023 2030 20¢
e T ~~ Low Demand Isled: .
ow Deman emand (no Natipsihbie ero

Community focussed

Figure 4.2.17: Future capacity of onshore renewables in each scenario for Gwynedd
* Battery storage was included within the model however no capacity was selected based upon the 24 hour timestep

Additional Percentage of total .
Dl ) . Estimated land area
capacity indicated across maximum theoretical S ———
scenarios capacity across scenarios q (km?)
(MW) (%)

Existing

Renewable technology capacity (MW)
(2023)

8.9 (0.35% of land in

Groundmounted solar PV 29.8 +465 98%
Gwynedd)
Rooftop solar PV 9.27 +206 €.100% n/a
Onshore wind 4.40 +8 ¢.100% 1 (0.04% land in
Gwynedd)
Anaerobic digester 0.49 +21 n/a n/a
Hydroelectricity 55.67 = n/a n/a
Tidal lagoon 0 +40 n/a n/a

100
Table 4.2.4: Existing and maximum future capacity of onshore renewables



Sponsors: Delivery partners

(?( ﬁg ARUP

CYNGOR o R T /‘2

GWYNEDD Uywodraeth Cymru 'C ARBON
Welsh Government TRUST

— R N,
4. The future local energy system ‘1>m %
Analysis
Electricity infrastructure - upgrades
The modelling results provide insights to the 0

anticipated future requirements for electricity
infrastructure upgrades, considering the current
capacities of primary substations. For example, when
a substation has limited demand headroom, but the
projectedncrease in demand for the area it serves
exceeds its current operational capacity, the need for
reinforcement can be identified.

In some cases, thearginal cost of upgrading and

connecting an additional unit of capacity to the

substation is less than the marginal cost of installing ar

additional unit of battery or thermal storage capacity to

reduce peak demand enoug|

be needd. Figure 4.2.18 shows the degree of upgrades

required in the High Demand scenario, which explores

a future scenario where electricity demand is high P
because of limited rollout of demand reduction

measures and consumer behaviour changes.

Theprimary substations that service the northeastern , . .
areas of Eryri National Park (Bethegand Upgrade required for primary substation
Caernarfonj are most likely to require between-36 (MW)

MW in upgrades. This modelling considers uptothe | 10-5

primary substation; there will be further upgrades E5-15

required to the 11kV network out from the substations [0115 - 30

which is not included within the modelling.

Figure 4.2.18: Map of electricity network upgrades in the High Demand scenarios
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4. The future local energy system

Uncertainties and limitations

There are numerous uncertainties that may impac
future energy system between now and 2050. The
uncertainties could influence the CAPEX, OPEX, .
carbon emissions associated with delivering the fi
energy system.

It is important to acknowledge these uncertainties
the LAEP to ensure that it is adaptable, and resilie
any negative impacts that uncertainties could lead

This analysis also highlights how the modelling
associated with the LAEP is not designed to be us
in isolation, and should be combined with other
evidence, as four scenarios do not cover all poten
future outcomes.

Table 4.2.5 summarises the impact of key sensiti\
and uncertainties on the future energy system
scenarios.

August 2024
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Uncertainty CAPEX OPEX Other notes
emissions
- B ~ If there is a lower roll out of solar or wind, the model maximises
Lower uptake / rolout of y Z % . . o
other renewables up to their maximeapacities and then
renewables . - B ;
imports electricity from the national grid.
Lower uptake / rotout of ~ 7 ~ Higher consumer bills and more capex spent on deploying heat
retrofits y y pumps, likely to result in poor consumer perception
Lower uptake / robout of ) 5 , Mofretchancetof r;ydlro?e_)r! scenario. dOPEtX cthal\lngﬁsdwould deper
heat pumps y ? on future costs of electricity, gas (and potentially hydrogen)
Lower uptake / rofout of A A . Higher energy infrastructure costs. Greater cosbtesumers.
demand side managemer y y y
Lower uptake of EVs g G " OPE)_( (_:hanges would depend on future costs of diesel/petrol an
electricity
Higher uptake of i ” ~ Higher uptake of hydrogen could facilitate a faster transition to n
hydrogen ’ y zero, with less pressure on telectricity network
Likely to drive more demand side management infaifethis
Increased grid electricity s 5 ~ occurs, carbon emissions and infrastructure investments would
import prices ' ' y reduce. However, increase grid electricity prices might also
slow down electrification and decarbonisation
Less people switch to heat pumps, more chance
Reduced gas prices y ” 7 of hydrogen scenario CAPEX impact would
depend on cost of heat pumps vs hydrogen
boilers
Increased CAPEX for - - « Could slow down electrification, with impact on overall GHG
electricalreinforcement y y y emissions. Could increase cost of electricity for consumers.
More extreme cold days mean higher heat pump capacities wou
- - be required. More hatummer days could lead to increased coolir]
More extreme weather ? Y %

with increase in OPEX. Overall emissions remain similar if annu
average temperatures are unvaried.

Table 4.2.5: Impact of key sensitivities on The future local energy system
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4. The future local energy syst
Analysis

Trends from optimisation model runs

Having run over 150 models across multiple Loce
Authority areas, we observed several trends. Wht
has not been possible to undertake modelling at ¢
hour timestep, we can be confident what the impz
would be. We have also observed how the syster
changes when we remove the electricity import. T
diagram in Figure 4.2.19 demonstrates what we
found over the multiple model runs that we have
undertaken.
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What does the model always do? I

Maximises onshore renewables (solar PV and wind

Chooses heat pumps as the dominant heating technology

Chooses to meet 10% of transport demand using hydrogen, andif0@tectricity

Imports electricity to meet demand where renewable energy generation is not available
Export surplus electricity generated

= =4 =8 -8 9

How does the timestep influence the system?

If we use a more granular tinnesolution for modelling (e.g. 2dour to Xhour timesteps):
The size of the electricity system increases

Thermal storage increases

The model sometimes chooses to add battery storage

=A =4 -4 A

What does the model do if electricity imports sestricted?

T I'ncreases any renewables that havenodt al

9 Builds hydrogen CCGT to meet electricity demand when renewable energy generation
is not available

1 Prioritises electrolysers to generagglrogen but sometimes chooses a
combination of electrolysers and hydrogen imports to meet hydrogen demand.

Figure 4.2.19: Trends from optimisation model runs
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Figure 4.3.1: Eryri National Park, Gwynedd. Photo provided by Ambition North Wales ©
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4. The future local energy syst
Deployment modelling

Methodology

We developed a deployment model to determine the
at which specific technologies could be deployed
between the baseline year and 2050. Exploring how
quickly different solutions could be deployed and
comparing this to the pace of change required helps
gauge what is achievable and what else is needed t
facilitate the changes required. The model can also
us break down the changes required into appropriat
time periods and provides a way to monpprogress.

The deployment pathways for each energy system
component describes the technological changes rec
over time. From this, we were able to compare how
GHG emissions would change over time against
national emissions reduction targets and indicate th
capital investment requirements between the baselir
year and 2050.

Figure 4.3.2 shows how assumptions were applied tc
nearterm and longerm deployment trajectories. Near
term indicates the period for which local and national
policy can be applied which is generally 26Z®0 but
can vary depending on technology.

Table 4.3.1 summarises the data sources used to
inform deployment rates for different technologies tt
were assessed in our optimisation modelling. A full |
of technologies deployed, their metrics, and relevan
policies can be found in Appendix B6.
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Deployment

Near-term trajectory

Rates based on local, regional,
national strategies, policies, tar¢
and pipeline projects.

Where no information iavailable
FES and DFES rates were appli

Long-term
trajectory
Rates based ¢
FES and DFE
technology
curves.

Baseline 2050

energy
system

energy
system

Figure 4.3.2: Deployment model overview of assumptions used to determine rates

Data source Description

Nati onal
Scenarios (FES}

Gr i d 6 s FES are arange of forecasted net zero technology trajectories to
2050 for the electricity system in Great Britain. They consider
national policies and ambitions for an extensive list of supply and
demand technologies at the distribution level.

DFES projects the FES technologies at a more granular
resolution (primary and secondary substation zones).

Distribution Future Energy
Scenarios (DFESy34

A review of national strategies to do with #eergy system was
carried out to support the deployment modelling. E.g. no new
gas boilers or fossil vehicles by 2035.

National policies and ambitions
review

A review of local strategies and plans was carried ositipgport
the deployment modelling. E.g. transport strategies containing a
target number of chargepoints for an area.

Local authority strategies and
plans e.g. local development
plans (LDP)

Stakeholder engagement Information captured in Welsh LAEP programme workshops.
Table 4.3.1: Summary of data sources used to inform deployment modelling
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4. The future local energy syst
Deployment modelling

Impact on total energy demand (GWh)
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Now - 2023

Energy demand increases initially as &
result of growth in housing &
commercial property, before efficien
measures, and electrification of heat a
transport take over.

2030

Total energy demand decreases betwe
20321 2042 in all scenarios driven by 4
switch to more efficient EVs and
improving the energy performance of
homes and commercial properties.

2040

In 2042 and later, energy demand star
to level off. This is likely due to the
housing and commercial property
growth matching the energy reduction
achieved through energy efficiency
measures and the switch to EVs slow
down.
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Figure 4.3.3: Change in total energy demand by scenario (GWh)
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National NZ

2044

2050

Total energy demand decreases to low
levels in the Low Demand scenario,
primarily driven by improving building
energy efficiency to achieve heat
demands that are associated with hom

with EPC A ratings.

106



4. The future local energy syst
Deployment modelling

Energy demand from buildings (GWh)

Both electricity and heat demand in buildings

increases to 2050 in the National Net Zero, High
Demand and Islanded scenarios. This is primarily
because the modelling assumes an increase in tt
number of homes and commercial buildings betw
now and 2050High Demand, National Net Zero ai
Islanded: communityocussed scenarios all plot th
same curve, since the data input is the same.

In the Low Demand scenario, the electricity deme
remains constant, and the heat demand decreast
2050, despite the increase in the number of build
This is due to prioritising reducing heat demand
through improving insulation in existing and new
buildings.

The average heat demand of each individual dom
property decreases from approximately 13,000 to
11,000kWhearhomdn the High Demand, National Ne
Zero and Islanded: communitgcussed scenarios,
and to 8,000kWihafhome in the Low Demand
scenario for domestic properties.

For nonrdomestic properties, the heat demand
decreases from 99 to 94kMkumzin the High
Demand, National Net Zero and Islanded scenario
and to 75kWhearmzn the Low Demand scenario.
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Buildings electricity
demand (GWh)

Electricity demand in the National Net Ze
High Demand and Islanded: Community
focussed scenarios follow the satrend.

2023

2024
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Figure 4.3.4: Projected electricity demand for buildings in each scenario for Gwynedd
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Heat demand in the National Net Zero, F
Demand and Islanded: Communftycusse
scenarios follow the same trend.
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Figure 4.3.5: Projected heat demand for buildings in each scenario for
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Energy demand from transport (GWh)

1,800 ~
=
o 1,600 -
U) | —
Q
Q 1,400 A
<
g
g 1,200 A Transport energy demand initially increases as
e increase in demand is assumed in line with
g 1,000 - population growth. This growth is then outweigl|
= by the shift away from private vehicles to public
2 800 - transport and active travel. A switch to more —
g efficient EVs also contributes to this decrease.
e 600 - changes in energy demand are very similar bet
> the LowDemand, National Net Zero and Island:
E, 400 Communityfocussed scenarios.
L

200
0 T T T T T T T T T T T T T T T T 1

S HEB9BEREEE B EEEREYEEEEEEEE
——High Demand ——Low Demand ——lIslanded: Community focused ——National Nz

Figure 4.3.6: Projected energy demand from road vehicles by scenario for Gwynedd
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4. The future local energy syst
Deployment modelling

Summary of deployment of critical energy components across Gwynedd

Figure 3.7 summarises the deployment rates* for-
term system components, so we baeftter understan
where we are now and where Gwynedd needs to
to, providing a starting point to frame the challeng
for more detailed analysis.

2023: By 2030:

a
[£==N

700 buildings
with heat pumps installed /

®
I

7,550 buildings
rated EPC A-C /
29

EV charge points? /

¥ @

Up to 12,300 buildings
with heat pumps installed /

Ités important to note
uncertainty associated with tldeployment modellin
as there are many variable factors and unknowns
example:

By 2050:

Up to 25,000 buildings

retrofitted /

Up to 5,700
EV charge points® /

-@®-  Around 2,300 buildings _‘#’_ Up to 11,400 buildings
' with rooftop solar PV¢ A with rooftop solar PVe /
t‘fii N 2dg'8 lMVYD\C;f groun_?- Up to 150 MW of ground-mounted
Tl DU SR capacity qb)lar PV capacity equivalen
(equivalent to 60 footba to 0.1% of Gwynedd Iarb/
pitches, :
,i:f 4.4 MW ﬁ Upto 45 MW
of onshore wind capacity / of onshore wind capacity /

B8 mumnn
4
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1 Technological advance and innovation
1 Supply chains and how they develop

1 Large scale activity to decarbonise infrastructu
other levels: regional, UK and beyond.

Average annual rate of change
between 2023 and 2030:

Up to 1,650 heat pump
installations per year

ﬁ Up to 2,500 buildings
/ retrofitted per year
'ﬁ Up to 800 charge points

/ per year®

/ _i_ Up to 1,300 rooftop solar PV
1

installations per year¢

*,
2 Upto 17 MW of ground
solar PV per year

ft Approximately 0.1 MW of
onshore wind by 2030

4

Figure 4.3.7: Summary of key deployment metrics from optimisation modelling aAccording to the National Charge Point Regi¥tfas of May 2023. Refers to individual charge points.
*Assuming 4kWp per charge point. Note that the power rating selected will be dependent on location and use case. EgeRapie chore suitable at

service stations due to the length of stay of customers. Based on the Wales EV Charginf&trategychargers in Gwynedd are likely to be slow chargers

(<7kW) with a small number of fast-Z2kW) and rapid (4350kW) EV chargers.
*Assuming 4kWp per roof and per installation.
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4. The future local energy syst ‘\>m
Deployment modelling

Impact on GHG emissions ~———High Demand Low Demand
National NZ Islanded: Community focusse

Figure 4.3.8 compares projected GHG emissions
each future energy scenario ($8®apter 4. The futu T M Rl
energy system (methodolodigr a description of

scenarios). 600

Table 4.3.2, the GHG emissions from each scena
are compared to the Welsh Gov targets, which ar
relative to the 1990 emissions level of 1,100ki€M
Gwynedd. As of 2023, Gwynedd already has a Gl
emissions reduction of 40% to 660kt&0O

The ADo Nothingd scena
continues operating as it is today, with no further
action. Any change can largely be attributed to the 100
forecasted decarbonisation of the electricity grid.

0 -97.5%-97.5%-97.5%-98%

All four modelled scenarios miss the Welsh Gov Z o ~
target of a 63% reduction. The High Demand and 3 § g g g g & % & g

i 0
ISIand.ed scqnarlos meet the 2040 target .Of 89% Figure 4.3.8: GHG emissions (ktCOze) to 2050 for each modelled scenario compared to the Do Nothing scenario
reduction, with the Low Demand and National Ne:

g
£
a
g

High Demand
Community
Focussed
National Net

500

400

300

eSS HOCRSY:

200

Zero coming close, with reductions of 87% and 8¢ gcenario 2030 2040 2050

respectively

None of the scenariods Welsh Gov targets -63% -89% -100%

due to residual emissions of 17ktg@O0The most :

common sources of residual emissions in 2050 ar Nfatlonal Net zero -44% -88% -28%

from electricity demand (77%) (FES projection for High Demand -46% -90% -98%

grid carbon factor is low, but not zero or negative)  |sjanded: Community focussed -44% -90% -99%

and electricity generation from natural gas that mi

be used to produce hydrogen (23%). Low Demand -45% -87% -99%
Do Nothing -41% -42% -42%

Table 4.3.2: Decrease in GHG emissions (ktCO2e) to 2050 for each scenario compared to the 1990 GHG emissions value
and the Welsh Government emissions reduction targets
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4. The future local energy systi
Deployment modelling

Impact on employment

Reducing the amount of energy we use and using
renewable energy can have wider benefits so it is
important that they are understood to support decisiol
that impact the future of the energy system. The bene
realised can be economic, social and envimemiad. For
example, for every £1 invested in energy efficiency
measures, the NHS can save £0.42 (amounting to an
savings of £1.4 billion in England aloh&)

Employment impacts

Investments in local energy systems can be expecte
have employment benefits by providing local, skilled
jobs. These will include direct jobs from construction
operational phases of thievelopmerit®.

Method

We conducted a literature review to extract relevant
indicators to estimate the employment impacts deriv:
from investment in different decarbonisation measur:
such as energy efficiency improvements, installing h
pumps and EV chargepoints or constnugta solar farm
We have selected indicators that reflect jobs created
the local area to assess the local benefits associatec
each scenario, and, where possible, excluded impac
associated with employment that are likely to be felt
beyondtheloda ar e a. This mean
employment impacts, or jobs created within the supg

August 2024

chain to support a particular project (e.g. for a wind f
this could be jobs supplying or manufacturing the ble
for wind turbines) are not considered.

Our assessment considers jobs that might be displac
other parts of the economy owing to an investment ir
energy efficiency or renewable energy. For example
investment in renewable energy might displace jobs
other parts of the power sector suctihase associated
with power generation from gdised plant. Where
possible, indicators from surveys or studies complete
for projects in Wales have been used so that the
employment impacts reflect the economic conditions
Wales as closely as possible.
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4. The future local energy syst
Deployment modelling

Impact on employment
Results

Values in Table 4.3.3 are presented inHiithe
Equivalent (FTE) so that employment impacts car
measured for the lifetime of the project or plant an
duration. For example, a job that lasts 1 year for a
project where plant lifetime is 10 years would coul
1*1*0.1 = 0.1FTEs over the duration of thmject.

Employment impacts are greatest in the Energy I
scenario, which driven mainly by the high levels c
biomass modelled (due to no imports being allow
into the system) and partly by the need for greate
renewable capacity and significant rolit of
insulation retrofit measures in this scenario comp.
to others, driving a need for more skilled workers
across the supply chain and opportunities for
employment in these positions.

August2024

Metric

Energy change (GWh,
relative to 2023)

Employment impacts

between 2022050 relative
to the Do Nothing scenario

(net FTE),

Do Nothing
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Low Energy
Demand Island
-1,031 -526
(-32%) (-16%)
+4,100 +3,400

Table 4.3.3: Summary of economic impacts for each scenario: employment impacts and air quality activity costs. Figures shoelate to
the period 20231 2050. Air quality activity costs are presented using 2022 prices and are not discounted
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4. The future local energy syst
Deployment modelling

Impact on air quality

The energy system can also impact air quality, whi
in turn impacts human health, productivityellbeing
and the environment. Accordingly, understanding t
impacts to air quality is important when planning
future policy or programmes of work.

Method

We used the Green Book supplementary guidance
air quality™° activity costs from primary fuel use an
the transport sector to estimate the air quality cost
each year (2023 to 2050) for each scenario. Activi
costs simplify evaluating the effects of air pollution
estimating the value of changes to air gyghiér unit
of fuel consumed. Table 4.3.4 provides a summan
the activity costs used in 2023 for the fuel types
included in this analysis. The activity cost for
electricity was assumed toryeover time; the costs f
all other fuels were assumed to remain constant.
Appendix B8 provides additional details on the
derivation and assumptions for each of these cost:
quality activity costs are presented using 2022 pric
and are not discourde

The Green Book does not include air quality impac
of landfill gas, organic matter, sewag@s, or
hydrogen. We assumed that these fuels have the
same air quality impact as natural gas.

August 2024

The air quality impacts of EfW are not addressed in
analysis, as the Green Book does not include a fac
EfW or waste incineration. Rather, the air quality
impacts are presented only as change in activity co
relative to baseline (2023). Thidetdtively assumes tt
no new EfW plants are constructed, and so there is
overall difference in air quality impact.
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Air quality cost (2022

per kWI'?If%E)Z p

Nepsp
Rl
S ity
Hydr%gen
y 4
Landfill gas
Natural gas
lAEC
D%rgé}nic matter
Bedpl

Sewage gas

Table 4.3.4: Air quality activity cost factors

pence
rices))

2%

0.1
3.74

0.1
1.33

U.1
0.15
0.16
0.16
0.16
122
0,18
%o

0.16
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4. The future local energy syst
Deployment modelling

Impact on air quality
Results

Activity costs presented in Table 4.3.5 show estimates
the impact of air pollution per unit of fuel consumed in
each future energy scenario and estimates for the
employment impacts associated with each future enerc
scenario, compared to the Do Nothsagnario. It can be
seen that a cumulative saving of £390m to £290m due
increased air quality can be achieved through reduced
on local healthcare services.

Figure 4.3.9 presents annual economic savings, with a
costs decreasing to approximately £1m per year by 20!
compared to 2023 for the High Demand, Low Demand
National Net Zero scenarios. The Islanded: community
focussed scenario reduces to dlighigher £6m in annual
activity costs due to the increased use of natural gas tc
produce hydrogen.

Overall, lower energy demand and renewable energy
generation uptake equates to less GHG emissions, res
in better air quality, creating savings through reduced s
on healthcare services.
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Metric Do Nothing National High

Net Zero Demand

Islanded:
Community -
focussed

Cumulative air £770 million £410 million £380 million
guality activity costs

between 2022050

(Admillion

prices)

£400 million £480 million

Table 4.3.5: Summary of economic impacts from air quality for each scenario. Figures shown relate to the period
2023 1 2050. Air quality activity costs are presented using 2022 prices and are not discounted

_ £30
E National NZ
— £25
J2
; £20 s High Demani
=
5 £15
I — LOW Demanc
S £10
c
C .
< f£5 Islanded:
Community
£ focussed
== D0 Nothing
3 s : < g g

Figure 4.3.9: Annual financial savings stemming from the increase in air quality in each modelled scenario to 2050
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4. The future local energy syst
Deployment modelling

Investment requirements

High levels of investment will be requireddchieve
the scale of change required to achieve a net zero
energy system. Table 4.3.6 (overleaf) shows the
estimated capital investment (CAPEX) required to
build out the critical system components for net zer
that were identified in our scenario analydikese
costs are presented as absolute figures and shoulc
weighted against a suitable counterfactual to
understand the additional investment required.

This table shows the parties responsible for these
investments and kepterdependencies.

Some of these priority intervention areas will also |
additional operational expenditure (OPEX)
requirements. For example, heat electrification mic
result in higher operational costs for consumers. T
final capital and operational costs of the enesggsten
are also subject to potential changes in supply, po
and consumer perception.

We havenodt estimated ir
where there is a high level of uncertainty in costs:

9 Electricity network reinforcement costs will
depend on the extent of network upgrades whic
will be needed across the LV, HV and EHV
networks, requiring more detailed analysis.

9 Costs for gas infrastructure have not been inclu

August 2024

due to the high uncertainty around the scale of
the gas network in 2050

Investment throughout the report

Potential future required investment to meet the
modelled scenarios and achieve short term aims ¢
found throughout the report. The key pieces on
investment in this report are:

9 CAPEXI Indicative CAPEX required fogach
energy proposition across all scenarios can be
found in Table 4.3.6 on page 116 (overleaf).

9 Priorities- A breakdown of the suggested priorit
investment areas to 2030 for Gwynedd can be
found in the plan on a page found on page 123.

9 Buildingsil nvest ment costs
to Il ow carbon buildin
in Table 5.1.2 on page 129.

9 Transpori | nv e st ment Decarsnise
the transportsystenrdo pr oposi ti or
Table 5.1.3 on page 132.

f Renewable$| nvest ment Increaset
renewable energy generation across the
countyop proposition can
on page 136.

9 Hydrogen: Investment costs for potential future

Sponsors: Delivery partners

-
*é‘ﬁf ARUP

S —
CARBON
TRUST

PDE-

Uywodraeth Cymru
Welsh Government

CYNGOR
GWYNEDD

hydrogen energy components can be found on
139.
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Deployment modelling

Investment requirements
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Indicative Basis for CAPEX estimate Party responsible for CAPEX Dependencies on other
CAPEX (Em) to investments
2050
1. Maximise energy efficiency of 4007 4,615 Cost of deep retrofit Welsh Government, local authority, Registered Socia
buildings interventions Landlords, building developers, building owners and
landlords
2. Groundmounted solar PV 200 Build out of ground mounted Welsh Government, Building developers, local author Electricity network
solar PV (owned land assets), Registered Social Landlords,
3. Onshore wind 8.3 Build out of onshore wind building owners and landlordsgnewable energy Electricity network
developers
4. Maximise rooftop PV 230 Build out of rooftop PV Building developers, building owners and landlords, Electricity network
local authority (owned buildings), Registered Social
Landlords, renewable enerdgvelopers
5. Decarbonise transport 96-98 Build out of EV chargers Charge Point Operators, local authority, Electricity network, hydrogen
building developers, landowners and landlords networks
6. Decarbonise heat 170- 320 Heat pumpbuild out costs, hea Building owners and landlords, local authority, Electricity network, energy
network decarbonisation cost Registered Social Landlords, building developers efficiency of buildings
7. Electricity network reinforcement 33 Electricity network reinforcement costs will depend on the extent of network intervention which will be needed across

the LV, HV and EHV networks, requiring a more detailed analysis by the DNO.

0. Roll-out of energy system
flexibility

Key uncertainty

Thermal storage costs Project developers, transmission or distribution netwc Electricity network
operators, building owners, energy providers, buildinc
owners and landlords

Project costs (incl contingency, 5707 2,800 50% of CAPEX above
prelims, professional and

development costs etc) (50%)

Total c.1,7001 8,300

Table 4.3.6: Indicative investment requirements
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5. Action planning

Overview

Figure 5.1.2 shows the process followed to develop
thecomplete LAEP and routemap to transition the
local energy system in Gwynedd.

Energy propositions
Identifying priority focus zones

We discussed what energy system components wer
common in all scenarios and asked stakeholders wh
they felt should berioritised in the nearerm. We
considered this alongside other technical and social
factors (e.g. generation and demand headroom) to
prioritise focus zones where they might be deployed

Creating energy propositions

We took what we learnt from these discussions, anc
revisited the energy vision and objectives that were
agreed with stakeholders. With the strategic vision il
mind, we reviewed the results from scenario analysi
and deployment modelling to crediteir energy
propositions. These form the strategic foundation foi
Gwynedddéds LAEP and cons
describe what, how and where to prioritise the
deployment of these energy system components.

Identifying priority focus zones

We looked atvhere critical system components in eac
energy proposition could be prioritised for deploymel
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and identified priority focus zones, accounting
for technical and social factors.

We considered this alongside other technical and sc
factors (e.g. generation and demand headroom) to
prioritise focus zones with particularly favourable
conditions for deployment.

Creating the plan

Introduction (Chapter 1)
Stakeholder engagement (Chapter 2)

The current energy system (Chapter 3)

Developing actions Method
Using input from stakeholders, highlighted overleaf, .
created a routemap and action plan to drive the loca Analysis

energy system transition in Gwynedd which includes
what needs to happen and what key stakeholders w
to contribute to delivery of the LAEPhIs routemap ar
action plan can be found in the LAEP Main Report.

The future energy system (Chapter 4)

Scenario analysis

Deployment modelling

Action planning (Chapter 5

Energypropositions

Creating the plan (LAEP Main Report)

Figure 5.1.2: Overview of the approach taken to develop
the near-term recommendations for the LAEP



5. Action planning
Energy propositions

Identifying priority focus zones
Prioritising energy system components

Figure 5.1.3 shows our approach to prioritise-low
regrets energy system components in Gwynedd tc
forwards whendentifying priority focus zones for
their deployment. We consulted primary and
secondary stakeholders across the county and asl

9 Is the energy system component deployed in
all scenarios?

9 Is this component a strategic priority identified
by stakeholders during engagement?

9 Does this energy system component align with
wider objectives that
LAEP?

9 Is this energy system component identified as a

priority area in Nort
We combined this feedback witfsights from scenar
model |l ing to develop G\

which are the framewor!l
energy propositions focus on areas of the energy
system that contribute significantly to the avade
emissions and have been idé&ead as a priority zone
for change in the near term. Energy propositions ai
combination of energy system components choser
priority to drive change in a particular part of the
energy system, that have an indicative timeframe

August 2024

for deployment and magnitude. For example, an
energy proposition that includes onshore wind as
critical energy system component will specify whg
capacity is needed and by when, as well as indice
investment requirements to achieve it.
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5. Action planning
Energy propositions

Identifying priority focus zones

Short-term

Sponsors:

-
O
GWYNEDD
Uywodeaeth Cymru
Wielsh Government

Ucheigais

B>E

Certainty of outcome

High

Delivery partners

ARUP

——
S —

CARBON
TRUST

-

£ Retrofit measures (newer homes)

£ Retrofit beyond social housing (ECO4)

£ EV Chargers in urban areas and town centres

£ Heat Pumps and Rooftop solar PV in off gas grid homes
and new builds

£ Canopy PV

£ Small scale grounthounted solar PV

£ Small scale hydropower

A Heat pumps in gas grid properties coupled with thestaabge
and solar PV

A Active travel shift in rural areas/visitor hubs

A EV chargers in more rural areas

A Retrofitting heat pumps in older properties

A Onshore wind

A Electrical infrastructure upgrades

Time to
deliver

Long-term

£ Groundmounted solar PV

£ Larger scale solar

£ Active travel shifts in areas with a higher population
density

£ Electrical infrastructure and grid updates

£ Energy from Waste (although most of this is exported to
Flintshire currently)

A Increasing public transport/buses in rdoglations
A Anaerobic digestion
A Electrolysers
A" Hydroelectricity
A Hydrogen refuellers
A Hydrogen imports

Low

Figure 5.1.3: Summary of feedback from workshop 5 (pathway prioritisation) T A pr i or i t i ssiynsgt eenm ecrognyponent s o
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5. Action planning

Energy propositions

Energy propositions in more detail

Sponsors:

7

WVielsh Government

Proposition 1: Transition to low carbon buildings

Ambition: Reduce heat demand and improve the ene
efficiency of existing buildings through retrofitting
measures aimed at reducing overall electricity and he
demand, while also transitioning away from fossil fue
intensive heating systems. Scenarios showpheaps as
the neatterm, least regrets technology to decarbonise
heating systems in homes. The following actions will
considered:

1 Installing rooftop PV (with targeted battery storage
1 Upgrade to LED lighting (with improved controls)

9 Improving building fabric H
ﬁ HE

1 Installing heat pumps

Proposition 3: Increase renewable energgeneration
across the county

Ambition: Investigating opportunities for local and
community ownership of renewables, providing low
cost, clean energy to residents. Ensure that land sui
for renewable energy assets is identified. Battery st
should be considered to minimise dependency and
exposure to grid price volatility and connection
challenges. The following actions will be considered

9 Deployment of groundnounted solar P\

9 Deployment of tidal ' »i*‘f
1 Deployment of hydroelectricity )K'if.i R

9 Smart LocaEnergy Systems

Proposition 2: Decarbonise the transport system

Ambition: Reduce transport demand, improving acti
travel routes, enhancing the public transport networt
encouraging shared transport modes, thereby minin
dependency on private vehicles. We will facilitate the
adoption of EVs by installing charge pointslan
encourage a transition to more sustainable transport
modes. The following actions will be considered:

9 Installation of EV charge points
9 Improving active travel routes
and public transport network

[7==%

Proposition 4: Reinforce and transition the energy
networks: electricity and gas networks

Ambition: There will be a significant increase in electri
demand between now and 2050, driven by the uptake
electric vehicles, and a shift to electricity for home hea
Make upgrades to the electricity network that are requ
to ensure increasing elecity demand can be met. Maki
upgrades to the gas network that are required to ensul
future hydrogen demand could be met. This is key to
ensuring the success of other propositions. The follow
actions will be considered:

<

9 Upgrading theelectricity network
9 Readiness of the gas grid for hydrog

AX

Figure 5.1.4: Summary of propositions

August 2024
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5. Action planning
Energy propositions

Identifying priority focus zones

Our fAplan on a pageo (¢
and scale of recommended n&zmm changes
required across Gwynedd. The map highlights 15
modelling zones identified as priority focus zones ft
the lowregret energy system components included
Gwyneddobés energy propos
chargers, robop PV, grounemounted PV, onshore
wind, and insulation retrofits. To prioritise where ea
low-regret energy system component should be
deployed, each modelling zone was ranked using t
or more of the considerations in Table 5.1.1, each
weighted by theercentage indicated. A modelling
zone was only considered for prioritisation if it was
greater than 8% of its primary substation service ar

i Off-gas homes prioritise zones with higher
baseline proportion of offjas housing. These
homes will be thenost challenging to transition t
hydrogen and therefore are the most likely no
regrets targets for conversion to heat pumps.

I Socioeconomics prioritise zones with higher
baseline rates of deprivation (lower WIMD score

9 Property ownership - prioritise zones with the
highest baseline percentage of social housing.

i Substation generation headrooni prioritise
zones with the most baseline generation headr¢
available.

9 Listed buildings i prioritise zones with the least

August 2024
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number of currently listed buildings.

9 Domestic energy efficiency prioritise zones witt
the highest baséline percentage of homes with
EPC rating of D or below.

9 Built additional substation capacity - prioritises
zones where the least upgrades are required in tl
high demandcenario, since heat electrification is

- 0, - - -
typically a major contributor to grid upgrade Off-gas homes 25%
requirements (which may be b edb . .
se?/eral years)( y be badgged by Socioeconomicg? 25% 30% - 20%
{1 Built EV charging capacity T prioritise zones Property ownershiy ~ 25% - - 20%
with the most EV charging built in the high _ i
headrooni® i - 90% )

9 Built additional capacity of each local
generation technology(rooftop PV, ground Listed building$* - - - 5%
mounted PV, or onshore wind)prioritise

Domestic energy

zones where the most additional new capacity i efficiency’? - - - 35%
built between the baseline and 2050 high - —
demand scenario. Built additional 2506 40% . 20%

substation capacity
Built EV charging

In the map (overleaf), green areas show zones

identified as a priority focus zone for at least one capacity 30% - -
energy system component. The callouts indicate tf Built additional
total scale of change required by 2030, according capacity ofeach local i . 50% i

the deployment model analysis, and indicate eitree
total capacity (MW) to be installed or the number o T blo 511 oot data and rora SRR 0

homes requiring retrofit and the associated investn 7 2 0 2T Pa g6 cal cul ations
flguraes.

generation technolog

a t D
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Gwynedd's Plan on a pag2030

To support transformation of the energy system, pilot projects may be useful. The
map below highlights areas that could provide a useful focus for these pilots.

Figure 5.1.5 identifies zones with particularly favourable conditions for specific energy components, mal
them ideal locations for pilot studies. The summary tables (shown below) detail the (i) installed capacity
opportunity, (ii) required investmentrfeach component and (iii) total investment necessary for both enerc

Sponsors: Delivery partners
T ARUP
s
Uywodraeth Cymru
e CARBON

TRUST

&

component installation and electricity network infrastructure in each zone by 2030. Ranges have been c

by taking the minimum and maximum results from each future energy see(sméhapter For more detail). | (0 T (i) —(iii)
Note: intervention should still be carried .GIan-Yr-Afon
Zone A
0 - T : B ovo  onoc | I
£5.8-19m r
- 16MW £1.7m : t@ 23MW £9.8m £11-17m
Zone B
=3 Minffordd/Parc Bryn Cegin . total T 11MW (2050)  £8.0m(2050) ]
- Zone J
- 1w erassoc |7 |) EL | 2
2 *,
: & 42MW £1.8m £9.0-57m
® Llanfairfechan Z?(;‘IZIC o :
79kW £65k ST CMLG Dolgellau 2o X
. total =
- Zone L
550730 homes  £4/5Tm |smocom |- Mo LU | %20
Xt 700kW £770k £39-37m
» Zone E .
. total Zone M
amw erm oo v R
Accelerate 500/ 740 homes  £4i 66m 3t 1.9MW £2.1m £7.963m
pilot projects ‘ : ;
o[BS commacs R
Progress I —
k 2401 250kW £200k |£33-27m ®E 1307 390kW £130 290k _Ztg?aelN
Fi 515G dd’ tial tati f tuniti th
e enaion et s v sk meesepin e o e @ 1s0KW £120k ot
boundaries are defined by primary substation service areas. 1101 220KW £81 170k | total {‘ﬁ 130 150 homes £1i 15m
Heat Ground £12-21m ]
Zone O
pumps mounted PV Rooftop PV : 2oy — ] O t%?aﬁ
EV , Insulation H RYEE(els) ZO“elH X 540kW £600k £2.8-20m
Ajgust 2024 Onshore wind : - tota 123
charger measures g 350 750kW £270560k  |£3.0-26m




5. Action planning
1. Transition to low carbon buildings

Introduction

Nati onal policy indicates a Afabric, worst and

approach to improve the energy efficiency of the least thermally
efficientlowsi nc o me h o us e ReoThalpsorityin Wal e s o
Gwynedd is firstly to reduce heat demand in homes whilst

maintaining comfort levels and minimising the direct cost to

consumers for their energy needs, and second to decarbonise the

heat source used. Our modelling shows that the mostarubt

carbon &ective way to achieve this in Gwynedd is through

insulation retrofit (discussed here) and replacing gas boilers

with heat pumps in most cases (discussed overleaf).

Focus zones for insulation retrofit

We used several factors (refer to Table 5.1.1) to compare each

model |l i ng zoneds-tefimansutation rettofitd. i ty for near
Figure 5.1.6 illustrates the results; the higfsesiring zones are

included in Figure 5.1.5 as priority focus areas.

For comparison, Figures 4.2.9 to 4.2.13 show the quantity of
insulation retrofits required in the low demand scenarios.

For reference, the zones which are focus zones for heat pump

installation (discussed further overleaf) are also highlighted in

Figure 5.1.6. I n the Afabric firsto approach,
would precede heat pump retrofits. Care should be taken in

these areas to coordinate insulation and heat pump reasfits

needed.

August 2024
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5. Action planning

Sponsors: Delivery partners
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Proposition 1: Transition to low carbon buildings

Focus zones for retrofit

Focus Zones D and E: Carmel
and Rhoslan (around Porthmadog and Y
Fron)

There are approximately 4,000 homes in tt
substation zone3.he average energy
performance of homes is very low in this
area (80% are EPC D or below) and
according to the WIMD (2019), the LSO/
covering Porthmadog Tremadog and
Llanberis have high percentage of fuel
poverty (around 30% of households).
Prioritising retrofit in this area could have
significant impact by not only improving
energy efficiency and reducing fuel bills |
also by directly addressing fusbverty.

It should be noted that there is a relati
high number of listed buildings, especi
in and around the Porthmadog area w
may mean retrofit is more challenging.

August 2024

Now:

4

By 2030:

Up to 25,000 home
retrofittec /s

By 2050

Up to 64,000 homes
retrofittec

r -

7,600 home:
rated EPC AC V4

Welsh Government TRUST

P

Around Bethesda

1 Although not identified as a focus zone,
this is still ide
zoneswith favourable conditions for
retrofit (high levels of multiple
deprivation and proportion of homes
with below averag&PC ratings).

Focus zone rankings
(higher score = more favourable

0

4 Focus zoné insulation retrofits
100 Focus zoné heat pump retrofits

Focus Zones K and N: around
Llanymawddwy and Brithdir

There are approximately 3,000 homes in
these substation zones. The average ener
performance of homes is very low in this
area (75% are EPC D or below) compared
others, and there is a high number of hom
that havenodét yet r
measures such as floor insulation. Homes
largely suitable for this measure which
presents an opportunity to-codinate an
area or streetbased approach to installatior
in this area. The substations that service th
area (especially around Brithdir
Machynlleth substation) have limited spare
capacity to support an increase in energy
demand, so retrofits here would reduce the
load on the substation and would be neede
before heat pumps could be installed.
Around 15% of homes in Brithdir are socia
housing The Council should actively enga
with Registered Social Landlords including
Adra,Gr RQynefin and North Wales
Housing.

Figure 5.1.6: Focus zone rankings for domestic insulation retrofits in Gwynedd by modelling zone
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Proposition 1: Transition to low carbon buildings

Focus zones for heat pump installation

Electrifying building heat (e.g. via heat pumps)
could play a dominant role in decarbonising the
buildings sector. Building characteristics, and the
costs associated with grid upgrades will influence
the specific locations for deploying electric

heatng technologies over others. We used several
factors (se€hapter For more detail) to compare
each modelling zon#4edns favourability for near
heat pump retrofits. The highestoring zones

are included in Figure 5.1.7 as priority focus
areas.

For comparison, Figure 5.1.7 also shows the
homes in Gwynedd currently not served by the
gas network (around 50%). These homes could be
low-regrets options for retrofits since they will be
the most challenging to serve via a future
hydrogen network.
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5. Action planning

Proposition 1: Transition to low carbon buildings

Focus Zone H and N:around
Maentwrog and Brithdir
1 Almost all homes are ofjrid

(98% around Trawsfynydd 0

and 99% around Brithdir).

1 The substation(s) that service
these areas are less likely to
require upgrades to meet
future energy demand makingj
new connections potentially
easier and cheaper to obtain.

1 There is only a relatively
small proportion of social
housing here which means a
different approach to engage
owneroccupiers and private
rental market would be
required.

Focus zoneankings
(higher score = more favourable)
0

Figure 5.1.7: Focus zone rankings for heat pump installations across Gwynedd by modelling zone

August 2024

700 buildings with
heat pumps installed /

By 2030:

® Up to 12,300 buildings
with heat pumps installed /

By 2050:

P . N/ z
A% Focus zoné insulation retrofits

10@ Focus zoné heat pump retrofits
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In general, areas across Gwynedd
where homes are currently not ser
by the gas network (around 50%)
could be lowregret options for
retrofits since they will be the mos!
challenging to serve via a future
hydrogen network. Therefore, thes
will most likely need to be converte
to electrified heat sources (such a:
heat pumps)

Fraction of homes without gas heating
[ Jo-02

[ o02-04
Bl 04-06
N 06-08
Mmos-1 = -
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5. Action planning

CYNGOR
GWYNEDD

Proposition 1: Transition to low carbon buildings

Prioritisation of rooftop PV

Across all future energy scenarios, rooftop PV wax
another prominent technology whitgatured in
Gwyneddds energy mi x.
included in this energy proposal because it is
commonly integrated into wholeouse retrofit
projects. Considering rooftop PV with other retrofit
measures is beneficial for deployment planning,
especidly as it is often included in retrofit funding
opportunities.

The factors that were considered in the prioritisatic
zones for rooftop PV installation, are set out in Tal
5.1.4 These highesanking focus zones are aligned
with the priority areas identified in the plan of a pa
(Figure 5.1.5 on page 123).

Rooftop PV is a more developed, markedady

technology that doesn't require extensive planning
permission. We therefore forecast deployment to o
at a relatively consistent rate between now and 20!

August 2024

Now: By 2030:
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By 2050:

Up to 11,400 buildings

_:6:_ 2,300 buildings with
1 with rooftop solar PV¢

rooftop solar PV® ¢

53,750 buildings with
rooftop solar Pve

A

P

Focus zone rankings H 1

(higher score = more favourable : 1
1

0 - '

! :

_~¢'_ Focus zoné rooftop PV: :

100 retrofits L Uy i

Figure 5.1.8: Focus zone rankings for rooftop solar PV in
Gwynedd by modelling zone

Focus Zone A: Parc Menai

Our model projects rooftop PV
installations across the Parc Mer
zone (that serves Bangor) reachi
6 MW by 2050. This is
predominantly due to the density
housing and larger amount of roc
space identified in the area. The
Parc Menai substation zone has
higher generation headroom,
indicating that the primary
substations are more likely to ha
the spare capéy needed for
connecting solar PV systems to 1
network.

South of Gwynedd

Modelling zones also identified
with the favourable conditions for
rooftop solar PV are located in the
south of Gwynedd, around towns
and villages of Tywyn, Corris and
Abergynolwyn where there is a
higher density of housing than the
rest of Eryri National Park and
therefore potentially a greater
capacity for rooftop solar PV
installation.
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5. Action planning
1. Transition to low carbon buildings

Investment requirements

The deployment model estimates the capital investr
required for insulation retrofits and heat pumps.

Investmentequirements for insulation retrofit

The upfront investment for insulation retrofit varies
depending on the package of insulation measures
appropriate for each archetype and the desired lev:
energy efficiency. In the High Demand scenario, th
cost ofretrofit can between £4,56&15,000 per
household and £60,000£480,000 per commercial
property. In the Low Demand scenario, the cost of
retrofit is between £45,00€130,000 per household
and £73,000 £240,000 per commercial property.

Investment requirements for heat pumps and rooftc
solar PV

The upfront cost for a heat pump and rooftop PV 4 k
system is estimated between £4,80and £4,400,
respectively. For most homeowners, the cost of
equipment is a significant barrier to installation, whicl
has contributed to a slow uptake across thé&*JK

Note that the modelling process does not account {
the feasibility of physically installing heat pumps,
which may be more challenging in denser areas wi
terraced housing. Similarly, the modelling does not
assess the feasibility of installing rooftop Bystems,
as it does not evaluate the structural integrity of

systems.
Funding Sources

There are different funding sources that could be
explored to support delivery of these interventions:

1 Social housing grants
1 Interestfree loans for unoccupied housing

1 Private rented properties can be eligible for the
GBIS (Great British Insulation Scheme) and
landlords are also required to get theioperties
to EPC C by 2030

1 The Great British Insulation Scheme (GBIS) is a
government energgfficiency initiative
administered by Ofgem. Its primary goal is to
enhance the energy efficiency of the least energ
efficient homes in Great Britain, thereby addres:
fuel poverty and r@ucing carbon emissions. For
owneroccupied housing GBIS is limited, and
uptake is low (throughout GB there were only 1,
installations in November 2023).

1 Bulk purchasing schemes through the council ca
attractive to increase uptake of solar PV, insulati
and batteries. Many councils have trialled these
programmes, so lessons learnt should be availal

1 The Optimised Retrofit Programme (ORP) is a

Sponsors: Delivery partners
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Welsh Government

homes. It considers factors such as building
materials, energy sources, and infrastructure.
Registered Social Landlords (RSLs) and local
authorities can participate. ORP Phase 3 (2022
2025) focuses on affordable warmth and energ
efficiency and aligns witthe Welsh Housing
Quality Standard 2023. The program aims to cr
a route to net zero for each home.

Indicative (Emillions) investment

Energy required highana (range between

system low demanc scenarios)
component(s)

20232030 20302050

Retrofit £100- 1,700m £150- 2,400m
(domestic)
Retrofit (nor £60- 230m £90- 330m
domestic)
Heat pumps £25-37m £130-2 00m
Heat networks £0.08- 0.10m £5.0-5.1m
Rooftop PV £59m £170m

Table 5.1.2: Investment costs for the transition to low carbon

comprehensive approach to decarbonising exist buildings to 2030 and 2050

rooftops, which could impact the ability to install su
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5. Action planning
2. Decarbonise transport

Focus zones for public transport and EV chargepoints

The transport proposition for Gwynedd prioritis
areduction in car use as much as is possible
through improved provision of active travel ro.
and public transport. Gwynedd is sparsely
populated in most areas and rural in nature, w
means that the private car is likely to play a ro
the future othe local transport system, as is
shown in our modelling. Therefore, the priority
will also be to support the transition to electric
vehicles through the provision of convenient,
accessible chargepoint infrastructure, starting
opportunities on publlg-owned land.

Active travel and public transport

We used the transport hierarchy in our modell
which follows Welsh policy of 13% conversion
active travel. Most bus services are commerci
operated in the County leaving limited influenc
for the Council to shape the service, such as
setting faresnd choosing vehicles. However, t
Active Travel (Wales) Act 2013 places a duty «
the Council to promote the use of active travel
through means such as maintaining and expal
the active travel network and actively

August 2024

communicating information about the network

The Council is currently developing a network
over a hundred charging points for electric
vehicles across Gwynedd and work is in progi
to install more charging points in locations in t
areas of Aberdyfi, Barmouth, Bangor, Bethes
Blaenau Ffestimg, Caernarfon, Dolgellau,
Harlech, Llanberis, Penygroes, Porthmadog,
Pwillheli and Tywyn over the coming months.
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5. Action planning
2. Decarbonise transport

Introduction

Predicted EV chargepoi
EV Charging Stratedy*is that by 2030, there
could be a total of 31,555 EV chargers in Gwyne
of which:

1 115 are rapid
1 3,170 are fast
1 28,270 are slow chargers

Note that these numbdrsr o m Wal es 6 I
Strategy are likely to be amended imminently,
reflecting a slower initial rate of deployment.

Our modelling indicates that by 2030, up to 5,700
chargers will need to be deployed to meet future

Total capacity of EV chargers (kW)

transport demand (shown in Figure 5.1.9).
Key |
High Demand
Low Demand

Islanded: Communitfocussed

National Net Zero
EV charging Strategy for Walés
requirements for chargers

August 2024
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Now:

e

By 2030:

2¢ Up to 5,70C
EV charge points EV charge point

By 2050

Up to 25,000
EV charge point

140,000

14,000
120,000 12,000
100,000 10,000
50,000 The rate of 8,000

deployment of EV
60,000 chargepoints in the 6.000
Low Demand,
Islanded: Community
40,000 focussed and Nationa 4.000
Net Zero
20,000 2,000
0 0

JONHHHRCEHENHBR0a8433834483¢

131

Total number of EV chargers



5. Action planning
2. Decarbonise transport

Focus zones for public transport and EV chargepoints

Electric vehicle ownership is expected to incre
based on national policy and legislation that
requires a phaseut of new combustion engine
vehicle sales by 2035 under the zero emissiol
vehicles mandaté®.

We used several factors (seeapter For more
detail) to compare e.
favourability for neaiterm installation of EV
chargers. The highestoring zones are include
in Figure 5.11(overleaf) as priority focus areas

Figure 5.1.11 shows one focus zone for EV
chargepoints. These areas are the least likely
be able to afford an EV. Therefore, car clubs
would also be suitable where affordability is lo
this enables access asupports a modal shift.

To support the development of an efficient, ec
effective EV charging network, further analysi
of off-street parking availability, transport
patterns and | ocatio
destination public charging will be required to
refine the strategiplacement of EV chargers. F
example, considering charging hubs in areas
limited off-street parking, or at locations

August 2024

regularly visited by residents such as supermi
car parks.

The maps shown in Figure 5.11 show focus z
and projected vehicle mileage to prioritise for
public EV charging infrastructure.

Priority focus zones are identified by assessin
electricity demand headroom (40% weighting;
Welsh Index of Multiple Deprivation (30%

weighting) and the deployment of EV charging
capacity (30% weighting) from scenario analy

Energy system component

EV chargepoints

l nvest ment

2023- 2030

Sponsors: Delivery partners
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This shows strategic areas for the developme
EV charging infrastructure.

Investment requirements

The investment required for EV chargers is at
£100m by 2050. There are various UK
government grants for renters, flat

owners, houses with estreet parking, as well ¢
workplace charging schemes.

(Ad6millions) re
low demand scenarios

2030- 2050
£70-72m

£12m

Table 5.1.3: Investment costs by energy system component
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5. Action planning
2. Decarbonise transport

Focus zones for EV chargers

Development of EV charging infrastructure is
priority intervention area. Further analysis of
off-street parking availability, transport patter
and | ocations of o6de
public charging will beequired to refine the
strategic placement of EV chargers, particule
since a considerable proportion of residents
not have offstreet parking.

The map in Figure 5.1.10 shows the projecte
vehicle miles in millions of miles by substatio
boundary.

August 2024
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Focus Zones B and C: Minffordd/Parc Bryn Cegin and Llanfairfechan

Substation zones around Bangor were identified as a priority focus zone for EV charging. The high populatiol
and high projected vehicle mileage in 2050 in this area points to higher car dependency and/or the number o
the area, whichnmkae condi ti ons more favourable for EV char
limited off-street parking which means other options for providing charging facilities would need to be explore

e

Projected annual vehic
miles (millions of miles

chargepoints: highest scor 07 15

more favourable
0

tg» Focus zones fi 01 50
EV "
1(,),0 071 150

Figure 5.1.10: (Left) Priority focus zones for EV chargepoints by modelling zone and (right) projected vehicle miles (millions of miles) in
2050 by modelling zone across Gwynedd
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Proposition 3.Deployment of renewable energy generation

Onshore renewables

In the initial stages of the modelling process, the
6Scoping Renewabl e Eneil
Gwyneddd 2015 report wi
suitable for onshore wind amggoundmounted
photovoltaic (PV). As this report is now almost 10
years old, the modelling took a maximum theoretic
amount of wind and solar energy from a Walgde
study#’. We also accounted for the protection of
good quality agricultural land (grades 1,2 and 3) ar
environmental (including the Eryri National Park)
and historic designations (S€bapter 4in the
modelling process. For onshore wind, hub heights
80m and outputs of 2MW were considered.

Figure 5.1.11 shows the locations of land that coulr
be suitable for onshore wind (highlighted in green),
groundmounted solar PV (highlighted in orange)
and areas suitable for both (highlighted in blue). Tt
modelling indicates that up to 12 MW of onshore
wind energy and 510 MW of ground mounted solar
PV could be developed in the highlighted areas. Fc
context, the most ambitious National Grid Future
Energy Scenarios (FES) scenarios assume there
could be another 77.2GW of solar and 30.8GW of

beyond the scope of this report, since there are ma
other factors to consider when assessing suitability
and feasibility of renewable projects e.g. competitio
for other land usesumulative landscape impact,
grid constraints and local policy considerations.

Figure 5.1.11 also shows available grid capacity in
each modelling zone. Suitable locations where ther
is also spare capacity should be prioritised in the
shortterm, and this prioritisation is discussed furthe
overleaf. Where there is little or no cajpam the

grid for renewables, see the energy networks
proposition(4. Reinforce and transition the energy
networkg which goes into more details about the
net wor ks é pl an-seady distribuon ¢
networks. In constrained areas, opportesito
reduce peak demands through storage, and other
flexibility options also become important, which are
discussed in other propositions.

It will be for Gwynedd to decide what a realistic
contribution to Wales
maxi mi ses | ocal benef
other development priorities

0
it

onshore wind eross the UK.
The areas identified for groumdounted solar PV

and onshore wind will need further investigation

Gwynedd's renewable energy opportunities report is n
out of date and consideration should be given to updat
it to inform the update of the Local Development Plan

August 2024
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Substation Generation Headroom (MW)
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@ 6-9 = Solar and wind area (Welsh wide
. 9-12 study)

Figure 5.1.11: Areas suitable for wind and ground-mounted solar PV
development in Gwynedd and substation generation headroom (MW)
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Proposition 3. Deployment of renewable energy generatic

Focus zones for local electricity generation

We used several factors to compare each
model |l ing zoneds-tefmavo
installation of groundgnounted solar PV and
onshore wind. Figure 5.1.12 illustrate the results
the focus zones with the highest rankings for
favourability are included. undmounted solar
PV is focused on areas to the east of Gwynedd
and north west of Eryri National Park (the
highlighted areas in Figure 5.1.15). Due to the
number of environmental and historic
designations and additional constraints providec
to the model, only a small amount of onshore
wind was identified (8 MW) which is equivalent
to 0.04% of the land area in Gwynedd.

Onshore wind and grounrdounted solar should
still be considered in the other four zones not
discussed below, especially sinndividual wind
and solar projects may cross zone boundaries.

Note: Where substation capacity is limited,
alternative delivery models could be explore
For instance, if a generator utilised a privat
wire connection, it would bypass the need f
additional substation capacity, thereby
eliminating headroom constraints

August 2024

Focus Zones E, G, | and J: Rhoslan, Tryweryn, GlatYr-Afon and Bala: In all focus zones there is suitable land
identified for groundmounted solar which means that the theoretical capacity for solar generation is greater in these
areas. Zone | (around Glafr-Afon) has the greatest amount of land suitable for onshoreavidanore spare capacity
compared to other areas in Gwynedd, which means less grid intervention may be required to accept new renewabl
generation connections here.

Focus zone rankings
(higher score = more favourabl

. 100

Figure 5.1.12: (left) Focus zone rankings for ground-mounted solar PV by modelling zone (right) focus zone rankings
for ground-mounted solar PV by substation zone

(A

P

Focus zone rankings
(higher score = more favourabls

0

-
100

P

0

Focus zoné
groundmounted P\

Focus zoné
onshore win
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Proposition 3. Deployment of renewable energy generatic

Onshore renewables

Figure 5.1.13 shows all electricity generation proje
in the baseline and the pipeline across Gwynedd.

Investmentrequirements

The deployment model estimates the capital
investment required for grouadounted solar and
onshore wind. These are shown in Table 5.1.4.

Energy Investment
system (Admil lions)
component between high and low

demand scenarios

2023- 2030 2030- 2050

Ground £52 £150
mounted
solar PV
Onshore ~£0 £8.3
wind

Table 5.1.4: Investment costs by energy
system component

Baseline Local Generation Pipeline Local Generation Baseline Local Generation Pipeline Local Generation Baseline rooftop PV (MW) by outward code
Technology Technology Existing Capacity (MW) Capacity (MW) [ _Jo-02
O Anaerobic Digestion A Battery e 1 a1 [ Jo2-08
@ Biomass A Biomass @ 5 A S s - 16
® Energy from Waste A Hydrogen @® 10 A 10 625
@ Hydropower & Hydropower . 50 A 5 540
© Landfill Gas A Landfill Gas A 100
@ Onshore Wind A Onshore Wind .100
@ Sewage gas A Solar PV (Ground)
@ Solar PV (Ground) A Solar PV (Roof)
A Wave

Figure 5.1.13: (from left to right) Electricity generation projects in the baseline and pipeline and baseline rooftop
solar PV by outward code, investment requirements for priority focus zones for onshore wind and ground-mounted
August 2024 solar PV 136
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Proposition 3.Deployment of renewable energy generatiol

Introduction

Figure 5.1.15 shows the range of possible deploy
of groundmounted solar and onshore wind across Now 2030 205(
scenarios in Gwynedd, accounting for projects th:

: S : . 500 & : ;
are in the pipeline (see previous page) and natior : : :
targets. The figure shows the minimum and maxn 450 * : :
deployment rates across scenarios. In Gwynedd, : :
rate of installation is almost the same across all 400 & . :
scenarios. s :

S350 | :
Now: - 29.8 MW S i :
= ground solar PV capacit 3300 ’ . :
‘S : H :
i 4.4 MW 8250 : :
onshore wind:apacity o ’ . :
— i it ! : :
% 200 E . The amount of§roundmounted PV is high :
_ B : : compared to wind because the model consid |
By 2030: '@ Up to 150 MW £150 : ; the most cost and carbon effective technolog | @
ground solar PV capac / : . practice the most appropriate technology will | i
e s determined by many derent acors ardre | |
ushoe wily capaCI/ 50 & : that shown in the model. :
By 2050: . . :
0
2023 2026 2029 2032 2035 2038 2041 2044 2047 205(
p Groundmounted solar PV (range between highest and lowest sct
l:.,Onshore wind (range between highest and lowest scenario)
Figure 5.1.14: Maximum deployment rates for ground-mounted Figure 5.1.15: Summary of scale of renewables deployment across scenarios

solar PV and onshore wind in 2023, 2030 and 2050
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Proposition 4. Reinforce and transition the energy networks: electricity and gas network

How networks operate at the moment

To achieve a net zero energy system, there are r
changes needed to both the electricity and gas
networks. SPEN (electricity distribution network
operator in North Wales, and WWU (gas distributi
network operator in Wales) are regulated utilities,
thdr operation is controlled by business planning
cycles. They submit business plans in cycles:

1 For electricity networks: RIIEED2 runs from
20232028, and ED3 will commence in 2028; tt
exact time period has

1 For gas networks: GD2 runs from 2021 to 202!
was considered whether to extend GD2 to alig

t wo networks. However
GD3 will start in 202
anted period. Conside

length of GD3.

Outside of these cycles, a strategic reopener can
submitted to Ofgem to determine if there is suffici
evidence to make a case for additional investmen
beyond the business plans. Both networks undert
annual planning through the process calledEBF
(Distribution Future Energy Scenarios), shown in
Figure 5.1.16. DFES contains the underlying
modelling that supports their business planning,
which typically considers data for electricity and g
separately and doesnét

August 2024

to the other, and as we know there are many
interdependencies in the energy system. Therefol
the whole systems modelling undertaken within tr
LAEP process can be used as evidence to make
strategic changes to the networks.

It is clear from the stakeholder engagement
undertaken throughout the project, that one of the
barriers is that the costs and timeframes of getting
connections for renewable schemes and new
development can make projects unviable.

As of 2023, the gas network provides natural gas
50% of homes iliswynedd. Policy context for
hydrogen shifted on 4December 2023 with a
decision to allow blending of 20% hydrogen into tF
network which will reduce the carbon emissions fr
the gas network by 7%,
carbon solution.
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Figure 3 Annual process to create our DFES
July Septembe Octobe Novembe: December
>
ESO FES
published
Figure 5.1.16: SPENOGs annual
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Proposition 4. Reinforce and transition the energy networks: electricity and gas network

Network transition planning
Gas distribution network

The gas network provided natural gas to 75%
homes in 2023.

£1.4 million is invested in the iron mains
replacement programme every week, which w
make the current gas network hydrogeady.
Policy context for hydrogen shifted on'14
December 2023 with a decision to allow
blending of 20% hydrogen into the network
which will reduce the carbon emissions from t
gas network by 7%, - hu
carbon solution.

Investment

The pricecontrol periods set out the allowance
needed to complete the required mains
replacement for that period, for GD2 due to el
in 2026 this was already awarded. WWU are
currently preparing our GD3 business plan wt
will set out the requirements needed &hivcer the
programme for the next price control period.

Most funding provided is through innovation
funding. Ofgem provide WWU with Network
Innovation Allowance funding (NIA) for

August 2024

innovative projects on our whole network. WV
looks for opportunities to deliver innovation th
benefit the entire network and all local authori
within it, but also welcome any opportunities t
collaborate with a specific local authority if the
arerelevant projects in their area.

There is additional funding available from Ofg
via reopeners (described earlier) which allow
access to funding based on specific criteria.

WWU are actively involved in a range of
innovation projects. Some examples specific 1
WWUG6s network in Wal:

Regional decarbonisation pathwdy€ompleted
in 2022, these pathways provide a strategic p
to decarbonise Wales (and Southwest Englan
outlining future gas network requirements to
achieve the optimal energy system for the W\
network. Most of the projects described below
have beenekigned to progress these findings
the resulting roadmap.

North Wales Conceptual PlérAssess capability
of existing infrastructure in North Wales for
transporting hydrogen from Hynet Phase 3.

Hyline Cymrui plans for a new dedicated
hydrogen pipeline across south Wales, linking
hydrogen production with industrial demand.

Cartrefi Hydrogen Homels Demonstrate
low-carbon heating alongside fabric retrofit,
using different technologies.

Industrial Fuel Switching Feasibility of fuel
switching two sites in North Wales.

For more information
visit Network Innovation Allowance Annual
Report 2223
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5. Action planning

Network transition planning
The future position

Our modelling shows that the electricity network
needs upgrades and reinforcement to get ahead «
pace of change in renewables, heat pumps, EV
charging and electrolysis. The map in Figure 5.1.:
shows areas where substation upgrades are neec
the rest of LAEP is carried out.

The substation upgrade areas, are those that sho
prioritised for investment from the electricity
network, considered for hydrogen or "considered"
part of a smart local energy system (SLES).

Electricity networks

To undertake the level of change shown in Figure
5.1.17, which will be required if the uptake in EVs
renewables, heat pumps and electrolysis meets ti
modelled amounts, theumber of substations that v
need upgrading is 32 out of 44. This equates to a
of 200MW capacity.

Additional upgrades to the network may be requir
following comprehensive contingency analysis.

In the high demand scenario (worst case)idked
cost of upgrades is £33m to 2050, which amounts
approximately £510 per home.

August 2024
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Proposition 4. Reinforce and transition the energy networks: electricity and gas network
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Figure 5.1.17: Map showing where substation interventions will be required by 2050 if the rest of the plan

is followed (High Demand scenario)
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Proposition 4. Reinforce and transition the energy networks: electricity and gas network

Network transition planning

2,500

2,000

1,500

1,000

Electricity demand (GWh)

a
o
o

JENHEHHEEEREEE e addadE

® Existing buildings norheat power demand Electrification of heat in existing buildings New developments

B Flectrification of transport Electrification of industry Electrolysis

Figure 5.1.18: Projected power demand increase over time
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Proposition 4. Reinforce and transition the energy networks: electricity and gas network

Network transitions
Hydrogen networks

There is more uncertainty around the changes nee
to the gas network to enable the transition to net z
There is a need to understand the role of the gas
network in 2050, by continuing to explore the
transition to 100% hydrogen and alternatives ssch
bi omet hane for specifi
continue to explore this, and to make sure that chz
made in the energy system do not negatively impe
the gas network transition. We know that the
deployment levels required for heat pumps will be
difficult to achieve and therefore need to keep
alternative options open. Our modelling excludes t
cost of decommissioning the gas network, which i
expected to be significant.

The gas network is undergoing a significant REPE
programme to make the gas networks more suitak
for hydrogen by replacing iron mains within 30 me
of a property. The programme is mandated by UK
Health and Safety Executive and funded by OfGer
AcrossWales, WWU is currently 22 years into the
year programme, with a projected end date in 203
Gwynedd this is 77% complete.

Our modelling has shown a no demand for hydrog
in the future for industry, but a demand of
200GWhl/year for transportation.

To test the sensitivity of hydrogen (séeapter 4: The

future energy systeffor sensitivity modelling
August 2024

outputs), we undertook some optimisation model ri
incorporating hydrogen for heating. In these model
runs we see an additional amount of peak capacity
hydrogen heating. However, our HeatNet modellini
did notshow any focus zones for hydrogen heating
Chapter 4: The future energy systfanan explanatio
of how our HeatNet tool operates). The optimisatio
model chooses hydrogen boilers for peak capacity
only, which is a very unlikely domestic set up since
would be expensive per household. Therefore, we
believe the future of hydrogdar home heating is stil
uncertain and have excluded this from the stesrh
road map and propositions, unless the local authot
already underway with pilot projects.

The model shows the hydrogen required for
transportation is produced via electrolysis and img
The capacity of electrolysers required in Gwynedc
13-25MW. This is a small fraction (0.13.25%) of th
UK 10GW'™!target. Hydrogen is currently localisec
the model, which means it is used at the point of
production, or imported into the system from a
national asset.

The investment needed to meet the modelled scei
for hydrogen in Gwynedd is £83Bmillion until 2030,
and £3665 million until 2050.

Storage

Short term and seasonal storage also needs
consideration. While our modelling does not show

lot of electrical storage, most scenarios use the
electricity grid as storage, choosing to export whel
there is excess renewable energy in the system ai
import when there is a deficit of renewable energy
the system. Especially since neighbouringloc
authorities which opt for weathelependent
renewables (e.g. PV and wind) are likely to be
generating (and thus exporting) renewable energy
similar times, there is a need for national asset lev
storage to provide flexibility and resilience in the
energy system. This could come in many forms,
including batteries, hydrogen storage with CCGT
and CCUS, nuclear, or more innovative alternative
Especially where these storage solutions incorpor:
multiple energy vectors (for example, hydrogen
storage) th relevant network operators will require
close collaboration to ensure the storage solution
effectively meets the needs of the regional or
national energy system.

An approximate cost that would be available

for national asset level production of electricity
and storage would need to be commensurate to
the OPEX costs for electricity imports in the
model. Our model uses wholesale electricity
costs; based on a cost of 6.3p/kWh for the
1040GWhlyear of electricity imported in the

high demand scenario, this equates to £66million/y
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Proposition 4. Reinforce and transition the energyetworks: electricity and gas networks

Network transitions

Smart Local Energy Systems (SLES):
SLES use different energy assets and
infrastructure (known as Distributed Energy
Resources (DERS)) to enableampalevel
optimised demand and supply balance.
SLES minimises unnecessary transition
between vectors and can lead to benefits in
terms of costs and carbon emissions. They
are particularly beneficial where there is
strong interplay between demand energy
vectors (heating, cooling, electricity, and
hydrogen).

SLES technologies can provide flexibility
services to the national or local power
networks, by shifting electricity demand in
response to pricing or carbon

signals. Technologies can interdatectly
with the DNO, or they may be aggregated
by a central SLES market / control platform
which enables the different technologies to
interact with one another, and even enable
peer to peer trading of energy

generation, demand and storage.

August 2024

Smart local energy systems

We have undertaken model runs at hourly, 3 hour ¢
24-hour intervals across all the LAEPs that we have
developed. These show that as the interval shorten
annual electricity use (i.e the GWh shown in the Sa
diagram) increases which is due to feaks in the
demand. When the demand is smoothed out over z
hours, the annual electricity use is smaller. If there
mechanisms to manage local supply and demand,
annual electricity use could be decreased

Areas to focus on would be those that need substa
interventions (see Figure 5.1.18), liaising with the
networks on the order of planned upgrade to the
network will enable the local authority to prioritise
where pilot programmes and ralut of SLES wold

be most appropriate.

Investment in SLES can reduce the cost of upgrade:
needed in the electrici
specific costs for SLES because they should be
undertaken in circumstances where it will reduce the
to the electricity network and expediate tinee that it
takes to get a grid connection. Applying SLES to awvc
reinforcing the electricity network (thus reducing the
of network upgrades) has nuanced impacts on the
reliability and safety of the network which should be

carefully considered by each community before
implementing this approach.

Regulations need to make it easier for local
communities to benefit from renewables installed
behind the substation (as opposed to behind the m
Local communities should be able to respond to sic
about their demand to use their localised eletyrici
Electricity suppliers are rolling this out on a nationa
basis (for instance Octopus saver sessions), and
localised trials have been happening, however this
not easy to put in place currently.
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Deployment modellingNational, regional and local policies applied

National (UK or Wales) proposed andcommitted policies Source

UK Governmeni Decarbonising TransportA Better, Greener
) ) Britain.
No more fossil vehicles from 2035 Available at:https://www.gov.uk/government/publications/transpq

decarbonisatiomplan

No new gas boilers from 2035

UK Governmeni Net Zero Strategy: Build Back Greener. Availab
at: https://www.gov.uk/government/publicationsAzetrc
UK Government committed to deploying CCUS at scal2080s strateqy

Phase out unabated coal by 2024

UK Government committed to 10GWalidroduction by 2030

Rigorous new targets for green building revolution. Available at:
New homes low carbon heating ready by 2025 https://www.gov.uk/government/news/rigorensw-targetsfor-
greenbuildingrevolution

Energy Security Bill factsheet: Lewarbon heat scheme. Available
UK Government projects 600,000 heat pumps a year by 2028 (UK), up from _at: https://www.gov.uk/government/publications/enesggurity
35,000 in 2021 bill -factsheets/energsecuritybill -factsheelow-carborheat
scheme

UK Governmeni Energy efficiency: what you need to know.

700,000 building retrofits by 2025, and all buildings2®s0 (UK) Available at:https://www.gov.uk/government/news/energy
efficiencywhatyou-needto-know
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National (UK or Wales) proposed and committed policies
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Private rented homes EPC C by 2030, and EPC B for commercial units

UK Governmeni Heat and Buildings Strategy (2021). Available a
https://www.gov.uk/government/publications/heattbuildings

strategy/heagndbuilding-strategyaccessiblavebpage

Only 4 low carborindustrial clusters by 2030, and one net zero cluster by 2050,,. https://www.gov.uk/government/publications/industrial

UK Governmenti Industrial Decarbonisation Strategy. Available

(UK) decarbonisatiostrateqy

Quicker and more proportionate consenting regime for energy staalige Available athttps:/www.gov.wales/developmeniational

Welsh Government Developments of national significance (DNS

planning applications have been delegated to Welsh Local Planning Authorities

significancedns-quidance

Heat strategy for Walegwvailable at:https://www.gov.wales/heat

Welsh Government requirement to explore heat networks within Future Wales

strategywales
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Local proposed andcommitted policies Source

Hectares of new sites allocated: 55.1ha

Anglesey and Gwynedd Joint Local Development Plan March 2

642.9 hectares of existing employment land will be safeguarded

Anglesey and Gwynedd Joint Local Development Plan M20&?2

Housing target for the Plan area is 7,184 units, taking into account vacancy rates.

Anglesey and Gwynedd Joint Local Development Plan March }

Land supply of 7,902 units

Anglesey and Gwynedd Joint Local Development Plan March }

53% ofhousing land is directed to Bangor and Urban Service Centres

Anglesey and Gwynedd Joint Local Development Plan March

Projected electricity demand (2026): 937GWh

Anglesey and Gwynedd Joint Local Development Plan March !

Total potential forenewable energy delivered by 2026 (GWh) : 2,247GWh

Anglesey and Gwynedd Joint Local Development Plan March

Projected gas demand 2026 (GWh): 647GWh

Anglesey and Gwynedd Joint Local Development Plan March }

55.1ha allocation of land f@amployment and business purposes

Anglesey and Gwynedd Joint Local Development Plan March }

New affordable homes for sale or letting to Gwynedd residents: 500

Anglesey and Gwynedd Joint Local Development Plan March !

Construction of 100 newaffordable homes

Anglesey and Gwynedd Joint Local Development Plan March !

Construction of 280 new units for homeless and vulnerable people

Anglesey and Gwynedd Joint Local Development Plan March }

Projected population by 2036: 130,219

Anglesey and Gwynedd Joint Local Development Plan March

Population increase from 202D36: 4

Anglesey and Gwynedd Joint Local Development Plan March !

Projected households by 2036: 58,340

Anglesey and Gwynedd Joint Local Development Rianch 2022

Affordable houses built during the planning period: 476

Anglesey and Gwynedd Joint Local Development Plan March ]

Projection for installating renewable electricity capacity during planning period: 1,113GW

Anglesey and Gwynedd Joihbcal Development Plan March 204

Projection for installating renewable heat capacity during planning period: 24GWh

Anglesey and Gwynedd Joint Local Development Plan March

Capcity of Ryhd Y Groes Rhosgoch solar farm site: 50MW

Anglesey andswynedd Joint Local Development Plan March 2(

Growth level of 7,184 residential units between 20026

Anglesey and Gwynedd Joint Local Development Plan March !
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Appendix Al

Deployment modellingNational, regional and local policies applied

Sponsors: Delivery partners
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Local proposed and committed policies Source

275 new residential units were granted permission in 2020/21

Annual Monitoring Report 2020021

20202021- 92 units designated as affordable housing

Annual Monitoring Report 2020021

360 homes were completed during the monitoring period,

Annual Monitoring Report 2020021

In 202321, 104 affordable housing units were complegegpunting for 29% of the total

completions for the year.

Annual Monitoring Report 2020021

A total of 3,924 units were completed in the Plan area between 2011 and 2020/21, which is
12.3% lower than the trajectory projection of 4475 units.

AnnualMonitoring Report 2022021

The average density of new housing permissions in the Plan area during the AMR period wi

units per hectare.

Annual Monitoring Report 2020021

Three affordable housing exception sites were permitted during theg&uéd, totaling 10 units.

Annual Monitoring Report 2020021

Planning permissions were granted for renewable schemes with the potential to contribute ¢

3.9MW within the JLDP area.

Annual Monitoring Report 2020021

The renewable enerdgrget of achieving 50% of the potential capacity by 2021 was not met,
with only 52.4 GWh for electricity and no GWh for heat achieved up to that year.

Annual Monitoring Report 2020021

Number of buildings scheduled for retrofit under REFIT I0A Phase 2: 36

REFIT I0A- IGP Phase 2

Number of buildings scheduled for retrofit under REFIT IOA Phase 1: 15

Larkfleet IGR REFIT IOA Primary Schools Phase 1

Number of buildings scheduled for retrofit under REFIT IOA Phase 1: 2

Larkfleet IGR REFIT IOA Corporate Sites Phase 1

Number of buildings scheduled for retrofit under REFIT IOA Phase 1: 4

Larkfleet IGR REFIT I0OA Leisure Facilities Phase 1

Number of buildings scheduled for retrofit under REFIT IOA Phase 1: 3

Larkfleet IGR REFIT IOA Residential Phase 1

Number of buildings scheduled for retrofit under REFIT IOA Phase 1: 4

Larkfleet IGR REFIT IOA Seondary Schools Phase 1

Gwynedd council fleet size: 543

Green Fleet Plan 2023029 (Gwynedd)

August 2024
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Appendix Al
Deployment modellinggNational, regional and local policies applie

Local proposed and committed policies Source

Planned reductions in emissions from 22021: 30% Carbon Management Plan 200&wvynedd)

Gwynedd council energy consmption (2013/2014): 77,600MWh Carbon Management Plan 2015 (Gwynedd)

Carbon footprint of Gwynedd Council's building portfolio : 9,207:€0 Decarbonisation Oppurunity Screening Report (Gynedd)
% Energy spend oelectricity for council building portfolio: 63% Decarbonisation Oppurunity Screening Report (Gynedd)
Potential capacity (Mwe) [Electricity]: 310.8MWe Gwynedd Renewable Energy Capacity Study

Potential generation (GWh) [Electricity]: 623.8GWh Gwynedd Renewable Energy Capacity Study

Potential Capacity (MW1t) [Heat]: 355.5MW1t Gwynedd Renewable Energy Capacity Study

Potential Generation (GWh) [Heat]: 192GWh Gwynedd Renewable Energy Capacity Study

Gwynedd population (2011 census): 121,900 Gwynedd Renewable Energy Capacity Study

Planned EV charging locations in Gwynedd: 114 Lleoliadau EV chargers locations (Gwynedd)

AUgUST Zuz4
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Appendix A2
Glossary of terms

Term

Action

Anaerobic Digestion

Baseline

Batteries
Biomass boiler

Carbon Capture and Storag
(CCS)

Carbon neutral
Cardiff Capital Region

Certainties

Demand

Demand headroom

August 2024
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Definition or meaning

The process of doing somethih@ specific action assigned to a responsible person preferably with a date to be
completed.

Processes biomass (plant material) into biogas (methane) that can be used for heating and generating electricity .

The baseline is the data showing the current energy system, containing the 2019 data sets provided by the LA and
publicly available data.

Devices that store electrical energy to be usedaeatime .
A boiler which burns woodbased fuel (e.g. logs, pellets, chippings) to generate heat and electricity .

The process of capturing and then storing carbon emissions before they enter the atmosphere .

Check preference with LA and note down in the tabl@lwssary of terms.docx

The Cardiff Capital Region, that covers the 10 local authority areas covering South EasBldelesu Gwent;
Bridgend; Caerphilly; Cardiff; Merthyr TydfilMonmouthshire; Newport; Rhondda Cynon Taf; Torfaen; and Vale
of Glamorgan.

A fact that is definitely true or an event that is definitely going to take place. In terms of a local energy systetresertain
include funded projects, etc.

Local energy demand that the local energy system needs to meet.

The difference between the electrical capacity of a substation, and the electricity demand at the substation at the time of
peak demand.
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