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Electric Vehicle EV

Financial conduct Authority FCA

Firm Generation FG

Feed in Tariff FIT

Great Britain GB

Gas and Electricity Markets Authority GEMA

Government Pipeline and Storage System GPSS

Grid Supply Point GPS

Ground Source Heat Pumps GSHP

kW /MW / GW Kilo / Mega /
Gigawatt
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Gigawatt hour
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Hydrotreated Vegetable Qil HVO

Information and Communications Technology ICT

Information Technology IT

Local Heat and Energy Efficiency Strategy LHEES

Last in First off LIFO
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Lerwick Power Station LPS

Low Voltage LV

Marine Coastguard Authority MCA

Microgeneration Certification Scheme MCS

Marine Gas Oil MGO

Met Office Integrated Data Archive System MIDAS

Mobile Storage Unit MSU
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Renewable Obligation Certificate ROC
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Transmission/Distribution System Operator TSO/DSO
Transmission Network Use of System TNUoS
University of the Highlands and Islands UHI
United Kingdom UK
Vehicle to Grid V2G
Vanadium Flow Battery VFB
Work Package WP

Wind Turbine Generator WTG
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EXECUTIVE SUMMARY

The ISLANDER project aims to significantly advance the decarbonisation of European islands
through innovative energy solutions, initially demonstrated on the island of Borkum in
Germany. A key focus of this project is not only the demonstration of new technologies but
also their potential scalability and adaptability to otherisland settings in Scotland, Greece and
Croatia. This holistic approach includes the integration of renewable energy sources, energy
storage systems, electromobility, active prosumers and district heating into the islands’
existing infrastructure. In December of 2024, EMEC submitted a report on the replication of
ISLANDER in Orkney. Following on from this the same has been done for both Shetland and
the Western Isles. This report is intended to be supplemental to the Orkney report as there is
significant overlap, particularly in respect to regulation.

This report, read in conjunction with the Orkney replication report, aims to achieve two things,
firstly, a comprehensive overview of the ISLANDER project, detailing the various hardware and
software components stated for deployment, the execution of pilot projects within a living
lab environment and the exploration of main use cases. These elements are organised into
three critical technological aspects: optimal design, deployment of hardware components,
and advanced control and operation. These technological aspects are split throughout seven
Work Packages all of which (except Work Package 6 —demonstration and validation) are to be
replicated on the follower islands. Our objective is to ensure the operational optimisation and
the resilience of the energy grid, particularly focusing on islands with inherently weak grid
characteristics.

Secondly, this document presents the aims and objectives from Work Package 8 (WP8) of the
ISLANDER project. This work package will look at replicating previous work packages and
implementing these to a targeted island group (Shetland and the Western Isles). The initial
work packages, WP1 to WP7, were based on data and an implementation plan for the island
of Borkum in the Frisian Islands, northwestern Germany. WP8 aims to use the initial work
packages stated and used for the island of Borkum, the trigger island, and replicate these to
targeted follower islands.

The authors stress that the energy future and national infrastructure planning in the UK has
changed markedly since the ISLANDER project was conceived. The UK has some of the most
extensive and advanced plans for wind development in Europe, these include gigawatt scale
wind projects and interconnectors reaching out to the remote islands in Scotland. These
projects are set to dominate the energy futures of the Western Isles and Shetland, which will
act like landing points for offshore wind projects. This will likely crowd out community scale
developments of the kind proposed by ISLANDER as infrastructure is improved to facilitate
transmission scale export as opposed to distributions level, local generation.

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669

Page | 11



Page | 12

1

DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS —SHETLAND AND WESTERN ISLES
Version 3.1
© ISLANDER consortium | public document

INTRODUCTION

The ISLANDER project seeks to offer a blueprint for decarbonisation of island communities. To
this end, the island of Borkum in Germany has been used to demonstrate an example
approach, comprising of:

Ultracapacitors for grid smoothing.

Batteries for energy storage.

Hydrogen technologies for energy storage and alternate offtake.

Local heat networks, driven by seawater in the Borkum case.

Solar and wind generation.

EV storage and intelligent charging facilities which can assist with grid smoothing.
Demand response to optimise the costs of electricity as well as local grid load.

This document seeks to offer a plan for replication of these technologies in the Shetland
Islands and the Western Islands in the UK.

It is structured to mirror the ISLANDER work packages, presenting a plan of activities and
listing issues encountered when considering the ISLANDER solution for these Islands.

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669
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2 WP1 REPLICATION - ENERGY SYSTEM: THE
SHETLAND ISLANDS

2.1 Energy Overview — Shetland Islands
2.1.1  Status of Shetland’s Grid Structure

Currently Shetland is isolated from
the UK National Grid. Power is
supplied over a 33 kV distribution
network including thirteen subsea
cables connecting the smaller isles
to the Shetland Mainland. 80% of
the power is generated by two
fossil fuel power stations:

e Lerwick Power Station (LPS)- A
Diesel fired station that
supplies 50% of the power
(72.8 MW). It incorporates an
8 MW battery which exists to
boost the proportion of
renewables on the grid. Lerwick
Power Station is approaching
the end of its life.

e Sullom Voe Terminal Power
Station (SVT) - An
Independently owned oil-fired
power station that supplies
30% of Shetland’s demand. It
primarily exists to power the oil
refinery but contributes to the
grid as required by contractual
agreement.

The remaining 20% of electricity is
generated by various renewable
systems which includes wind at all
scales. Notincluded in this is Viking,
a 443 MW wind farm commissioned
in 2024. Its generation greatly
exceeds the requirements of the
istand and will export electricity to
the UK mainland. Major grid
upgrades are planned to Figure 1: Shetland 33kV electricity network and Primary
accommodate this development. substations.

On the island the 33kV

distribution grid will be boosted to 132 kV in places and a new 600 MW HVDC link to mainland
Scotland (Gremista Grid Supply Point) which is nearing completion with commissioning set to
be finished in 2025. This new link also will carry power from new offshore windfarms around
Shetland to the mainland UK. It is intended that this will be the main source of electricity once
completed, taking over from the power station in Lerwick. There are 11 primary substations
across the archipelago (SSEN, 2025). Their names and locations are shown in Figure 1.

This project has received funding from the
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2.1.2  Stability of Energy Distribution

As a small and historically isolated distribution network. Shetland faces issues with grid
stability particularly as the amount of renewables on the network increases.

The Northern Isles New Energy Solutions (NINES) project created Shetland’s Active Network
Management (ANM) system, aimed at transforming how electricity demand and generation
are balanced on an isolated grid. Commissioned in 2014, NINES was developed by SSEN in
response to Shetland’s limited grid capacity and growing reliance on renewable energy
sources. As one of the first projects of its kind in the UK, NINES demonstrated the potential of
ANM to enable greater renewable integration and defer costly network reinforcements in
remote energy systems. The Shetland ANM was designed with a priority system for new
renewables generation on the Shetland Grid. Generators can be switched off or curtailed by
the ANM to keep the grid stable. The ANM priority list is as follows:

e Garth Wind Farm.

e Luggie's Knowe Wind Turbine.

e Nova Innovation Shetland Tidal Array.
e North Hoo Field Wind Turbine.

e Ollaberry community wind farm.

Garth Wind Farm is constrained less than 10% of the time. The community owned wind farm
is located on the Isle of Yell and is vulnerable to prolonged constraint in the event the subsea
cables supplying Yell are damaged and take a long time to repair. At the time of writing, a fault
has been identified in one of the subsea cables to Yell, identified after previous outer coating
damage and armour corrosion was identified. A replacement cable is expected to be installed
in 2025. This is an ongoing risk when considering electrical networks on interconnected
islands. A similar issue occurred in the Western Isles where the subsea power cable from Skye
to Harris failed in 2020 forcing local wind and hydro schemes offline for 10 months.

Luggie’s Knowe Wind Turbine is constrained around 40% of the time with the expectation that
constraints will drop considerably on completion of the GSP and connection to the national
grid.

North Hoo Field wind turbine is owned by Northfish who supply biomass to medium scale
customers in Shetland. The turbine does feed the Shetland grid but when the turbine is
curtailed the energy can be used for drying wood chips.

Burradale wind farm started generating energy in 2001 and is renowned as one of the world’s
most productive wind farms with outputs typically exceeding 50% (57.9% in 2005). Burradale
is never constrained through the ANM.

Ollaberry wind farmis a small locally owned wind farm with a capacity of 200 kW and is always
on.

All small scale wind and solar installed as "connect and notify" are always on. Small scale
generation is subject to G83 Regulation which limits small scale generation to 3.68 kW per
phase. (Energy Network Association, 2012)

Nova Innovation Shetland Tidal Array is a relatively small capacity at 300 kW. At the time of
writing the constraints it receives are unknown. Given its small capacity and consistent
production, based on predictable tides rather than wind, it is not likely to be severely
constrained.

In addition, LPS have an 8 MW / 6 MWh battery and a new 6 MW engine which assist in demand
response.
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2.1.3  Shetland's Existing Energy Use
2.1.3.1  Electricity consumption

As with Orkney and most of the UK, the demand for energy is significantly higher in the winter
than in summer due to an increased demand for heat, light etc. Like Orkney, Shetland sees a
huge number of visitors in the summer months, but these are mainly confined to cruise ships
which usually supply their own power. Decarbonisation of the cruise industry is outside the
scope of ISLANDER The peak total electrical demand in Shetland in winter is around 50 MW.
BEIS (Department for Business, Energy, and Industrial Strategy) makes energy consumption
statistics available. Shown below are the BEIS total electricity consumption and energy
consumption figures per customer. (UK Government, 2024)

Annual Mean Energy Consumption per Customer -
Shetland

m Domestic M Industrial/Commercial

70,000

60,000

L

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Mean Energy Consumption per Customer (kWh)

Figure 2: Average electricity consumption per customer. BIES UK Gov Stats
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Total Yearly Energy Consumption - Shetland
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Figure 3: Total energy consumption per year

2.1.3.2  Electric Vehicle Demand

EV demand can be considered in two forms, unidirectional and bidirectional. Unidirectional
electric vehicles are operated only charging from the grid whereas bidirectional electric
vehicles can interact with the grid by charging or discharging. Currently, there are
approximately 39 charging stations installed on the island for a total of around 283 electric
vehicles. The adoption of EVs throughout the Shetland Islands is presented in Figure 4.

Total Rapid Plug-in Ultra Low
Chargers Chargers Vehicles Emission Vehicles

Shetland 39 6 283 218

Table 1: Electric vehicles and associated infrastructure currently on Shetland.
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Figure 4: Progression of EVs implemented throughout the Shetland Islands. DVLA registrations 2009-2024

2.1.3.3  Street Lighting Demand

Street lighting is a large consumer of electricity and a large cost to the council. The historic
annual energy costs are presented in the Road Asset Management document produced by SIC
(Shetland Islands Council, 2017). The equivalent energy amount is estimated based on records
of electricity prices and reproduced in Table 2. Note: the figures in Table 2 are expected to
have reduced since 2017 due to implementation of some of the energy saving measures
outlined in section 3.8.

Cost (000s £)

Rate
(£/kWh)

Estimated
consumption
(kwh)

1879.43

212 0.1128

12/13

189 0.1185 1594.94
224 0.1222 1833.06
228 0.1208 1887.42
258 0.1372 1880.47

Table 2: Streetlighting cost and estimated consumption.

2.1.3.4 Three levels of Thermal Demand

Generally, the islands' thermal energy needs are met from Oil, Electricity (direct or via heat
pumps) and District Heating (in parts of Lerwick). Shetland is not connected to the UK Gas Grid.

Specifically for Shetland, the primary thermal energy requirement is highest during the winter
months. Therefore, itis suggested to model the thermal energy demand based on the ambient
temperature of Shetland. The accompanying Figure 5 displays the average temperatures
recorded on the island between 2017 and 2024.
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Yearly Temperature Variation in Shetland
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Figure 5: Annual change in temperature recorded in Shetland.

Figure 6 presents the minimum, average and maximum temperatures recorded within the
Shetland Islands in 2024.

Temperature Change in Shetland (2024)
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Figure 6: Range of temperature recorded in Shetland (2024).
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2.1.3.5

Heating & Domestic Renewables

This section includes domestic scale renewables which are primarily used to generate power
for the host property’s own use with any excess being fed into the grid.

Domestic Heating in Shetland comes primarily from Qil, Electricity (direct or via heat pumps)
and District Heating (available in parts of Lerwick only). Solid fuel is still in use in domestic
properties but is largely used to supplement or back-up another heating method. More rural
areas have some properties running solely on solid fuel including peat, coal, wood logs and
waste wood. Peat cutting is still carried out but by a small proportion of the population and
typically not on a scale required for a primary heating source.

There has been a steady uptake of heat pumps, particularly for new builds and those eligible
for energy improvement grants. GSHP installations have slowed compared to ASHP since 2016
due to the high cost of GSHP installation and the eligibility of ASHPs for energy improvement
grants. Solar PV and BESS installations have increased due to their eligibility for energy
improvement grants. Table 3 and Table 4 show the breakdown of the heating technology on
Shetland (Shetland Island Council, 2025) (MCS, 2025).

Year Year Year Year Year Total Since
2020/21 2021/22 2022/23 2023/24 2024/25 2009

ASHP 68 129 67 71 133 930
GSHP 2 6 0 2 0 66
Solar heating 0 0 0 1 0 14
Biomass 0 0 0 0 0 21
Solar PV 10 17 51 84 93 337
BESS 0 0 0 23 66 97
Small wind turbine 0 0 2 3 0 215

Table 3: Low carbon heating and renewable generation installed under MCS in Shetland since 2009

Properties Total

Total domestic properties in Shetland 11,567

Connected to Lerwick District Heating Scheme [EMWAL]
(includes non-domestic customers) (149)
Heat pumps 930

Storage Heating 5355

68
£

Table 4: Total domestic properties and the heating source where known.

Storage Heating

Over 5000 properties in Shetland use electricity for heating in the form of storage heaters. It
is unclear if there are statistics relating to the age of these units. They are all currently
considered ZDEH (Zero Direct Emission Heating). Due to this ZEDH categorisation, these
properties are not considered a priority for decarbonisation, but the council acknowledges
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“...number of properties that are currently on storage heating and a large proportion
of these will be older storage heating. Under the definition, these are ZDEH systems,
however these systems are difficult to control and expensive to run. Therefore,
including these systems for upgrade dramatically increases the scale of the challenge
ahead.”

Biomass

There are some medium scale biomass users in Shetland. Most notably in the seven rural
leisure centres, two of which also feed heat to the adjacent schools, and in some larger
commercial and industrial premises. The total biomass capacity across rural leisure centres and
schools is 2.2 MW, with annual production exceeding 4 GWh. This biomass capacity was
installed when Renewable Heat Incentive (RHI) created favourable financial conditions for it.
RHI contracts typically run for 20 years, so these are still receiving subsidy. The unsubsidised
operational cost of biomass heating in Shetland is similar to the operational cost of oil heating,
soitis likely the existing biomass systems will remain in use even once the RHI payments cease.
The main difference is the higher capital cost for installation of biomass, so once a biomass
system is at the end of its operational lifespan the heating method will need to be reviewed.
Some biomass users either have a district heating connection or are close enough to connect,
others are rural.

Heat Pumps

The only heating systems being installed under energy improvement grants are air source heat
pumps and connections to the Lerwick District Heating Scheme. Some private properties are
installing heat pumps at their own cost - again, most heat pumps are air source with some
ground source being installed.

2.1.4  Energy Mix on the Shetland Islands

Table 5 shows the energy use on the Shetland Islands according to UK government regional
statistics (UK Government, 2022).

Fuel Type Energy Percentage
(GWh) (%)

w68 32
55
23 04
280 603
00 00
sia 58
5443 1000

Table 5: Energy Mix on Shetland (2020) UK gov statistics.

Table 6 shows the emissions from different energy types according to Shetland Islands Net
Zero Routemap (Shetland Islands Council, 2022). Note: the figuresin Table 5 and Table 6 come
from different sources and may differ due to differing collection methodologies.
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Fuel Type Energy Percentage
(ktCO2€) (%)

Electricity 175.1 29.0
Solid Fuels 4.2 0.7
Petrol / Diesel 37.1 6.1
Fuel Oil (Marine, Agri, heating) 2411 39.9
Aviation 29.8 49
Other 103.0 17.0
Lerwick DHN 141 2.3
Total 604.4 100.0

Table 6. Greenhouse gas emissions from enerqgy sources on Shetland.

2.1.4.1 Fossil fuel energy

Coal /Solid fuel

Coal is used for heating in a small number of properties as the primary source of heating (see
Table 4). Peat was historically an important source of heating fuel, but usage declined in the
1960s with the increased availability of oil and coal (Shetland Museum and Archives, 2021). A
small amount is still burned; this is due not only to tradition, but also for cost reasons amongst
the poorest households, as identified by the Scottish Government’s consultation on the ban
of the sale of peat (Scottish Government Riaghaltas na h-Alba, 2023).

Liquefied Petroleum Gas (LPG)

There is no mains gas Network in Shetland. There are some commercial and domestic
properties with bulk gas tanks, but these are not common. The high cost of electricity
combined with colder climate means the cost of domestic heating in Shetland is significantly
higher than other parts of the UK. The absence of mains gas exacerbates this.

Kerosene

Kerosene is still an important source of domestic heating. It is the main source of heating for
around 3,700 properties.

Petrol and Diesel

Petrol and Diesel are still the primary fuels for road transport. Of the 17,868 vehicles
registered as of Quarter 2 2024, over 98% were petrol or diesel powered. Lerwick power
station (72.8 MW) is diesel fired. SIC state that it accounted for around 88 MWh of electricity
production in 2023/2024 (Shetland Islands Council, 2024). Using a nominal 3 kWh per litre of
Diesel, Lerwick power station burns around 29 million litres over 1 year. In addition, almost all
agricultural vehicles and mobile plant rely on diesel.

Gas Oil and Sulphur Free Gas Oil

These fuels are primarily used in industry, agriculture and for heating. A significant amount is
also consumed as marine gas oil. The largest component of Shetland’s emissions come from
the marine sector due to its location and the costs associated with ferries and bulk transport.

As discussed in the Orkney report, section 2.1.4.1, decarbonisation in this sector is outside the
scope of ISLANDER.

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669




DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS —SHETLAND AND WESTERN ISLES
Version 3.1
© ISLANDER consortium | public document

Additional Non-Renewable Power Generation

The Sullom Voe Oil and Gas facility receives piped oil and gas from several fields in the North
Sea. It processed around 5.5 M barrels of oil in 2023, this is roughly one tenth of its production
peak in 1984 (Shetland Islands Council, 2025). The site is entirely self-sufficient and includes a
100MW Gas CHP facility. There is a 22 MW electricity export license to the Shetland
distribution network. This facility supplies around 30% of Shetland’s electricity needs.
Whether this situation persists depends on what proportion of Shetland’s energy will come
from the GSP once it comes online; this is currently unknown. Decarbonisation of the Qil and
Gas industry is outside the scope of ISLANDER.

2.1.4.2 Renewable Energy

As is the case with Orkney and much of the rest of the county, renewable energy enjoyed a
boom after the introduction of Renewable Obligation Certificate (ROC) and Feed in Tariff (FiT),
schemes in 2002 and 2010 respectively. The expansion of wind and solar consumed grid
capacity and there has been a de facto moratorium on new generation in highly constrained
grids such as Island groups since around 2016.

PV (MW) Onshore Wave / Tidal Total
Wind (MW) (MW) (MW)

Shetland 1.2 14* 0.3 15.5*

Table 7: Renewables installed capacity 2023 - UK government statistics.
*This dataset does not include Viking Windfarm which constitutes 443 MW.

Wind Energy

According to UK government statistics, there are currently 14 MW of wind installed. In
addition, thereis also the 443 MW Viking wind farm. This is live, but not connected to the local
Shetland grid yet.

There is approximately 0.36 MW of installed small scale wind turbines (around 5-6 kW) which
typically produce around 18,000 kWh per year. These were mostly installed around 10+ years
ago when subsidies made them more attractive and feed-in rates were paid for generation
regardless of whether was fed into the grid or used by the owner, so it made sense to use this
free energy to electrically heat the owner's home. There is no longer any feed in payments
available for new wind turbines, so very few are installed now. Previous contracts were for 20
years, so continue to pay out. Table 8 details the existing large wind farms on Shetland.

Name Capacity (kw) Commission Date
Burradale Windfarm Phase 1 - A 1,980 01/01/2001

Burradale Windfarm Phase 2 - A 1,700 01/02/2003

Hillhead Wind Ltd 183 02/10/2014

North Hoo Field Ltd 500 04/11/2014

Luggie's Knowe 3,000 09/12/2015

Garth Wind Farm 4,550 08/03/2017

Ollaberry Wind farm 200 Unknown

Viking 442,900 Partially commissioned

Table 8: Installed wind farms in Shetland over 50kW

There are several very large projects in development:

e Viking Energy Wind Farm, 443 MW (live and exporting to UK Mainland - but not
connected to Shetland grid until Gremista Grid Supply Point goes live)

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669




DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS — SHETLAND AND WESTERN ISLES
Version 3.1
© ISLANDER consortium | public document

e Luggie's Knowe Phase 2 Wind Turbine, 5 MW + 14.9 MW BESS (expected to be
operational in 2027/28)

e Energy Isles Wind Farm, 126 MW (likely late 2020s / early 2030s)

e Arven Offshore Wind Farm, 2300 MW (2035 onwards)

e Stoura Offshore Wind Farm, 500 MW (2035 onwards)

e Beaw Field Wind Farm, 72 MW (late 2020s)

e Mossy Hill Wind Farm, 48 MW (late 2020s)

e Neshion Energy Park Wind Farm, 50+ MW (2030)

e Girlsta Wind Farm, 15 MW (planned switch-on date yet to be confirmed)

Solar Energy

Most solar projects are small-scale domestic or agricultural installations of a small number of
kWs - there are some 11 kW arrays consisting of “connect and notify” arrays on 3 phases
(3.7 kW per phase) as per G83 regulation (Energy Network Association, 2012). Solar PV
accounts for approximately 0.32 MW in total.There are no known large-scale (>50 kW) PV
installations.

Hydro Energy

There are no large-scale hydroelectric sites. UK government statistics suggest some historical
small scale hydro generation. Past generation was small and doesn’t contribute significantly
to generation on Shetland

Marine Energy
There is one 0.3 MW tidal stream generator which is paired with a 0.3 MW Lithium battery.

2.1.4.3 Energy Storage

Energy may be stored in number of ways such as electro-chemically (e.g. batteries) in pure
chemical form (e.g. hydrogen) or thermally (e.g. hot water tanks or storage heaters). There has
been rapid development in battery technologies in recent years with variants in the lithium-
ion (or Li-lon) concept becoming widely available from small/domestic scale, through their use
in electric vehicles to larger, utility scale applications.

Stationary storage devices (batteries)
Existing

e Lerwick Power Station has battery storage which stores 6 MWh energy and can release
8 MW power for up to 45 minutes.

e Nova innovation have a 300 kW battery with 500 kWh storage connected to their
Shetland Tidal Array in Yell.

In Development

e Zenobe areinstalling 70 MW / 140 MWh of battery backup to be connected to the new
grid supply point in Lerwick. This is planned to help manage peak demand and to
provide a temporary backup supply to give sufficient time for Lerwick Power Station
to start-up.

e Shetland Aerogenerators have applied for planning permission to install a 15 MW BESS
as part of their Luggies Knowe Phase 2 project. The energy capacity (total MWh) of this
development isn’t yet known and is likely to be determined closer to the build time.
The exact purpose of this BESS is unknown with all options being on the table: grid
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balancing; storage of curtailed energy; arbitrage and private wire.

e Neshion have plans for a 25 MW BESS to be installed alongside their 50 MW windfarm
in the north mainland of Shetland. The energy capacity (total MWh) of this BESS is as
yet unknow as is the exact use.

Mobile storage: EVs and vehicle to grid

As of 2024 there were 264 electric vehicles in the Shetland but the infrastructure and
regulatory framework for using this as grid storage in Shetland does not exist.

Hydrogen storage

Shetland was a world leader in small scale hydrogen with PURE Energy Centre in Unst having
a very small-scale electrolyser and two hydrogen cars in the early 2000’s. PURE Energy Centre
are now a Hydrogen technology company selling products and expertise worldwide. There are
no other existing Hydrogen or P2X projects in Shetland.

2.2 Holistic Energy System design and Deployment

See Orkney ISLANDER Replication report, Section 2.2 for an overview of a Holistic energy
system.

2.2.1 Energy Generation
2.2.1.1  Wind Resource

Shetland boasts an exceptionally robust wind resource, making it an ideal location for
harnessing wind energy. The islands experience high average wind speeds due to their
northern latitude and exposed geographical position. Average wind speeds are typically
around 8.5 meters per second, which is significantly higher than in many other regions. This
consistent and powerful wind resource enables the high efficiency of wind turbines installed
on the islands.

With the completion of the Viking Windfarm, Shetland has the installed capacity to produce
well over 100% of the local electricity demand. This surplus energy provides a significant
opportunity for Shetland to export clean energy or utilise it for other sustainable practices,
such as hydrogen production.

The wind generators installed in Shetland currently range from small-scale to large-scale all
with various characteristics of cut-in, rated and cut-out wind speeds.

e Small-scale turbines in Shetland are typically used for domestic or small community
applications. Small-scale wind turbines usually range from a few kilowatts to around
50 kW. They are often seen on farms, residential properties, or small businesses.

A typical small turbine would be around 6 kW, similar to the SD6, supplied by SD Wind
Energy, which hasa 5.2 kW @ 11 m/s rating, with 2.5 m/s cut in speed, and continuous
operation at high speed. (SD Wind Energy, n.d.)

e Large-scale wind turbines are usually part of larger wind farms, the largest are to be
found as part of the Viking Windfarm which consists of 103 x 4.3 MW turbines

Figure 7 and Figure 8 give information about the wind conditions in Shetland over the period
from 2017 to 2024. Like the rest of the UK, windspeeds are higher in winter than in summer.
This is useful in the UK and specifically in Shetland because electrical load is generally higher
in the winter. Even in summer the resource is so good that many turbines could run at or near
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rated power for much if the time if the grid could cope with the generation.
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Figure 7: Weibull Distribution for Shetland indicating windspeed distribution between 2017 and 2024
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Figure 8: Mean, minimum and maximum of mean daily windspeed from 2017 to 2024
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2.2.1.2 Solar Radiation Resource

Shetland, while renowned for its wind resources, has less potential for solar power due to its
geographical and climatic conditions. The islands are situated at a high latitude in the north of
Scotland, which results in shorter daylight hours during the winter months. During the
summer, while the days are longer, the solar irradiance (the power per unit area received from
the sun in the form of electromagnetic radiation) is generally lower compared to more
southerly locations. On average, solar irradiance values in Shetland are modest. Solar panelsin
Shetland generate less energy annually compared to regions in Southern England, reflecting
the lower intensity and duration of sunlight.

Despite these limitations, solar power can still contribute to the local energy mix, particularly
in the summer months when daylight extends up to 19 hours a day. However, the overall
contribution of solar power to Shetland’s energy system is significantly smaller than that of
wind power.

Surface downward longwave and shortwave radiation fluxes are two critical components of
the Earth's energy budget, each with distinct characteristics and sources:

e Surface downward shortwave radiation flux - This consists mainly of solar radiation,
which includes visible light and ultraviolet radiation. It originates from the sun and
reaches the Earth's surface either directly or after being scattered by molecules and
particles in the atmosphere. Shortwave radiation can be absorbed by the surface,
which heats it, or reflected back into the atmosphere and space. The ability of a surface
to absorb or reflect shortwave radiation is determined by its albedo (reflectivity). For
example, snow-covered surfaces have a high albedo and reflect most incoming
shortwave radiation, while darker surfaces, like oceans or forests, absorb more.

Figure 9 displays the average shortwave radiation flux for the island between 2017 and
2024, as per Copernicus ERAS reanalysis (Hersbach, 2023).

Shetland - Shortwave Downard Flux
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Figure 9: Mean Shortwave radiation downward flux, Shetland.

e Surface downward longwave radiation flux - This type of radiation is primarily emitted
by the atmosphere itself. It is also known as terrestrial or infrared radiation. The
atmosphere emits longwave radiation due to the absorption of upward shortwave
radiation from the sun and subsequent heating of the atmosphere, as well as the
absorption and re-emission of surface-emitted longwave radiation. Longwave
radiation is a form of heat energy emitted by the Earth's surface and the atmosphere.
It is continuously absorbed and re-emitted in all directions, including back toward the
Earth’s surface, which helps to warm it. This phenomenon is a fundamental part of the
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greenhouse effect, where greenhouse gases trap and re-emit infrared radiation,
warming the planet.

Figure 10 displays the average longwave radiation flux recorded on the island between

2017 and 2024.
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Figure 10: Long-wave radiation flux from solar activities in Shetland.

The following meteorological data (irradiance and ambient temperature) gathered from
Shetland has been collated. The average temperature along with the average irradiance, are

displayed in Table 9.
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Table 9: Average monthly irradiance and temperature in Shetland from 2017 to 2024
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2.2.1.3 District Heating

The ISLANDER project aims to use seawater thermal capacity to supply part of the district
heating in the community of Borkum, this will be considered as part of the optimised energy
solution for the Shetland Islands within the replication process.

Thermal demand in the Borkum residential sector has been partially electrified by replacing
fossil fuel consumption at boilers by electrical consumption in a heat pump.

The ISLANDER district heating plant consists of three distinct circuits:

1. Seawater circuit
2. Refrigerant circuit (within the heat pump)
3. Steel water circuit.

This plant operates by providing a flow of hot water that exchanges heat with the air to raise
the ambient temperature. Traditionally, the water is heated in a boiler through the
combustion of fuel. However, in the ISLANDER project's proposed system, the heat will be
supplied partially by a heat pump. This heat pump will utilise seawater to transfer heat to the
refrigerant. Seawater maintains a more stable temperature throughout the year and is
warmer than alternative sources such as air.
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The reference standard water temperature around Shetland is presented in Table 10:
Averaged Seawater temperature in Shetland per month 2017 - 2024.

Month Sea Temperature (°C)
January 9.1
I IERY 8.4
March 8.2
April 8.4
y 9.5
June 11.3
July 12.8
August 13.5
September 13.2
October 12.2
November 11.2
December 9.9

<
o

Table 10: Averaged Seawater temperature in Shetland per month 2017 - 2024

District heating has been installed in Shetland in the main town of Lerwick. The system is
discussed below:

SHEAP

The Lerwick District Heating Scheme is owned and operated by Shetland Heat Energy and
Power (SHEAP) (SHEAP, 2025) which in turn is wholly owned by Shetland Charitable Trust
(SCT). It has been in operation since 1998 and provides heating to over one third of the
domestic properties in Lerwick (over one tenth of the domestic properties in Shetland) and to
most of the public, large commercial and industrial buildings in Lerwick. SHEAP provides
approximately 50 GWh of heat to the network primarily from the council owned Energy
Recovery Plant (Incinerator) with a small amount of waste heat from Lerwick Power Station
and backup oil boilers. Lerwick District Heating Scheme is a third-generation scheme with
supply and return temperatures designed as 95/55 °C. It can provide heat to customers at a
rate of 8.05 p/kWh plus connection and standing fees.
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Figure 11: SHEAP's network (Lerwick District Heating Scheme)

Power

The main power source is a 6.3 MW ERP, an incinerator which burns around 25,000 tonnes of
waste per year from Shetland, Orkney, the offshore oil and gas industry and mainland
Scotland. During the winter, demand rises to a peak of around 9.5 MW which cannot be met
by the ERP so it is supplemented by oil fired boilers. In 2021 the incinerator invested in water
cooled wear zones which has allowed output to be increased by up to 1.5 MW in winter and
reduced by 1.5 MW in summer. In 2022 it was connected to Lerwick Power Station to take
advantage of surplus heat. Conversely, in the summer, the demand drops to 4 MW and heat is
dumped.
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Lerwick Power Station will switch off in late 2025 but will remain as emergency backup. SSEN
are investing in new generators for LPS to ensure resilience. The Lerwick District Heating
Scheme takes up to 1.5 MW of waste heat from the Power Station in the form of cooling water
from the first of these new generators. This was via a new connection made in 2021, made
with the full knowledge that the LPS would close but was still viable in the short term both
financially and environmentally. There may be an opportunity to take heat from LPS in future
during run-up periods or to supply heat to LPS when they are switched off. These
opportunities are likely to remain unclear until the switch-off actually happens.

Customers

40% of the heat is used by over 1000 domestic properties, the remainder is used by
commercial and public building including several schools, the hospital, the fire station,
commercial hight street, industrial area, several care centres, and the sports facility.

Carbon Offset

The following comes from a Welsh government case study on SHEAP: (Welsh Government,
2019)

...[calculated] estimated annual savings in greenhouse gas emissions and fossil fuel
imports. Data was collated on the individual customer heating systems used prior to
installation of the district heating scheme, in addition to operational efficiencies of
energy production. For the purposes of the study, the ERP was considered as carbon
neutral on the assumption that the biodegradable waste 85% burnt in the ERP would
have otherwise been sent to landfill and eventually degraded to methane.

The original study estimated that utilising waste as an energy source saves
approximately 4,000 tonnes a year of fossil fuel imports. This saving is now estimated
at approximately 6,000 tonnes. Carbon dioxide savings were originally calculated at
approximately 12,000 tonnes a year although this is now closer to 15,500 tonnes.

The annual carbon dioxide savings of 15,500 tonnes a year equate to approximately
1.9 tonnes for each resident of Lerwick.

Expansion

In 2023 it was claimed by SHEAP that ‘three or four houses were currently being added every
month and there was always a considerable waiting list.” (The Shetland Times, 2023)
Construction of 300 houses is expected to begin in 2025, the Staney Hill development. This is
expected to be connected to the district heating scheme. (Hjaltland Housing Association,
2025)

Knab Redevelopment is a project to convert and expand a complex of old buildings into a
residential area of around 150 dwellings. This project is in early stages, but district heating has
been explored and there are no obvious restrictions on it being connected to the SHEAP
system. (David Narro Associates, 2018)

These new additions are designed on fourth generation principles with low supply and return
temperatures 70/40 °C or even 60/30 °C. This drastically minimises the impact of these new
schemes on network capacity. Major expansion of the scheme would require infrastructure
upgrades in the form of booster pumps on the return line and additional energy capacity.
There is limited opportunity for the scheme to connect more public / commercial / industrial
customers as most of the reasonably accessible customers are connected already — there are
a few exceptions to this which SHEAP are already exploring. The domestic customer base is
just over one third of Lerwick’s houses. With some small main line expansions and connection
of those properties near to existing main lines but not yet connected it should be possible to
connect a further third of Lerwick’s properties. Approximately one third of properties in
Lerwick are impractical or likely to be cost prohibitive to connect to the district heating (e.qg.
old parts of Lerwick, historic lanes, high elevation, far from main lines).
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Other District Heating in Shetland

Lerwick is the only area of Shetland which benefits from a district heating scheme. Many areas
have been discussed within SHEAP (Sandwick, Scalloway, Mid-Yell) but the only one
investigated seriously is Brae, the largest town in the North end of Shetland. Brae has a the
only other large high school, a health centre and leisure centre and a reasonable number of
domestic houses in close proximity giving a suitable base demand to build a heat network
around. The heat source has not been dictated by the council and will be narrowed down by
the Feasibility study. It is likely the feasibility study will recommend a mix of spilled wind, heat
storage and seawater heat pump. Whilst all three are proven technologies for district heating
systems, the formeris likely to be challenging to achieve as heat storage from curtailed energy
isnot commonplace in the UK. Itis also likely that the new large interconnector will mean much
less curtailment.

Alternative Heat sources

The ISLANDER concept envisaged district heating powered by renewable resources. Various
proposals have been made in the past to help decarbonise the system; regardless of what
happens at the supplemental power level, the ERP is expected to stay since removing it would
create a new waste management problem in Shetland.

According to the SHEAP website additional heat sources are being investigated. A 2013
presentation from OREF (OREF, 2013) presents a list of options:

e Electric boilers connected to wind turbines.

e Waste oil boiler (discarded from seafood industry).

e Sea/sewer water heat-exchanger.

e Industrial waste heat capture.

e Geothermal.
Approximately 10 years ago SHEAP had plans to install a seawater heat pump to supplement
heat to the district heating scheme. The financial viability of this relied heavily on the
renewable heat incentive scheme which subsidised heat generation. Without this it would
have proved cost prohibitive. The issue with seawater heat pumps - or indeed any heat pump
on the network - is that the district heating supplies water at 95 °C in winter and circa 85 °Ciin
summer with water returning from the network at 55 °C. The proposed sea heat pump would
supply water at 70 °C which would be classed as "low grade" heat, requiring significant volume
of high-grade heat, above 95 °C to make it usable on the network. Seawater heat pumps can
supply higher temperatures, but this then reduces the coefficient of performance
significantly. To summarise, the Lerwick District Heating Scheme will struggle with heat pumps
due to the poor Coefficient of performance (COP) and high price of electricity. This could
possibly be revisited given the improvements of heat exchanger technology mentioned above.
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2.3 Changing Demand and Energy Landscape

Extensive changes are expected in Shetland as the Islands’ natural renewable resources are
harness for national decarbonisation. Figure 12 shows that boundaries of these projects as
currently understood.
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[ Operational
| Awaiting / Under Construction
[ ] Proposed / In Planning
Offshore Wind
I Operational
[ Awaiting / Under Construction
|| Proposed / In Planning
Electrical
— 11 kV
— 33 kV
— 132 kV
4 m— >132 KV
i - - - Future Lines TBC

-~ X Fi
™ -~
.
N o
) ~
\ y ‘
) |
. )
v /
. 4 ]
.
///\\ ‘\_ p /
y \ X

Figure 12: Shetland electrical infrastructure plans.
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These new projects would total 3.6 GW of generation and with only 2.4 GW in transmission to
the mainland currently planned, it remains an open question what will happen to then excess
1 GW of local generation. The business case for a significant portion of the proposed
generation capacity will require either anincrease in local demand and/or more interconnector
capacity. Figure 13 compares selected major generation projects to the levels of demand
associated with the upper limit of hydrogen project developer ambitions. Initial hydrogen and
derivative projects are likely to be orders of magnitude smaller e.g. EnQuest’s proposed 50
MW (0.05 GW) e-fuels project at Sullom Voe. The first 400 MW phase of Statkraft’s proposed
green ammonia project would be large enough to create a meaningful level of demand for
projects such as an initial phase of the Ocean Winds offshore wind generation projects, which
are linked to Statkraft’s proposals (Figure 14).

I Selected major generation projects ] Possible demand (Green H2)

e A .\ / ( :
Statkraft SSE Stoura Arven SCESE Grean e “1m tonnes of H2”

Projects (3) (Viking Energy) (ESB) (Ocean Winds) (As't“a’;:::;; (EnQuest)
246 MW 443 MW 500 MW 2,300 MW 1,000 MW 98 GW
(@60% capacity factor)
Onshore wind Offshore wind Onshore H2 / derivative fuels

Figure 13: Selected major generation projects and demand associated with H2 developer ambitions

Electrification of offshore oil and gas production could also lead to increased electricity
demand in Shetland. The draft SIC Energy Strategy cites the power requirement for the Clair,
Rosebank and Cambo as being around 220 MW. (Shetland Islands Council, 2024)

The following 2 projects are also in development:

Enquest, via their subsidiary Veri Energy are developing a green hydrogen production facility
at Sullom Voe Terminal. The first phase of this is 50 MW with future phases taking the total
project up to 300 MW. This project has been shortlisted for revenue support through the
Second Hydrogen Allocation Round (HAR2). (UK Government, 2023)

Enquest have stated their ambition is to produce one million tonnes of hydrogen per annum
which would require circa 9.8 GW of installed wind capacity to achieve — significantly above
the current projects in the pipeline.

Statkraft are developing two P2X projects in Shetland:

e Shetland Hydrogen Project 1 is a facility for the production of green Hydrogen and
conversion green Ammonia for marine shipping industry and is expected to be sited
close to Lerwick close to the new Mossy Hill Wind Farm. The scale of this is not yet
clear but given the proximity to Lerwick it is likely to be a modest size. (Shetland News,
2025)

e Scatsta Projectis a P2X development on the site of the former Scatsta Airport, close to
Sullom Voe Qil Terminal in the North Mainland of Shetland. This development is in the
order of 350-400 MW and is also for the production of green Hydrogen and conversion
green Ammonia.
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Figure 14: Statkraft Scatsa proposal

There is a high degree of uncertainty as to which hydrogen projects will be built when, and
which vessels (locally and internationally) will transfer to which fuels at what point. Figure 15
from the SIC Energy Strategy provides an indicative overview of how up to 350 MW of
windfarm capacity could be required to meet local demands for electricity and hydrogen-
based fuels.
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Figure 15: Flying bricks diagram produced by SIC Future Energy Team

In addition to extensive plans for Hydrogen, SIC are considering the electrification of internal
ferries and the possibility contributing to the decarbonisation of the offshore Oil and Gas
infrastructure.

2.4 ICT Requirement Specification

For information on ICT requirements, see Orkney ISLANDER Replication report, section 2.3.
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3 WP2 REPLICATION — LARGE-SCALE DEPLOYMENT
OF DER+HES SOLUTIONS

This section explores the use of Demand Response and Head End System Solutions.

3.1 Revision of the regulatory framework

Note: Regulation at European, UK and Scottish level is the same for Shetland as for Orkney.
Details on this can be found in the ISLANDER Orkney replication report, section 3 and are not
reprinted here.

This deliverable is intended to establish the guidelines for an effective deployment while
fulfilling all the national and local regulations which apply.

D2.1-Set of Applicable Local and National Regulations presents the critical regulatory aspects
that need to be considered in order to implement the ISLANDER project following current
legislation framework. This covers regulations in low and medium voltage installations, district
heating and hydrogen installations, as well as the relevant energy market.

As regulations are periodically updated, it is imperative that this process is repeated if and
when the ISLANDER project is replicated in the Shetland islands. As such, this section only
presents high level information on the Shetland regulatory context.

Following the structure of D2.1, as illustrated in Figure 16, the national regional and local
regulations that apply will be elaborated upon in the context of replicating D2.1 in Shetland.

Supplier

. i L I i
European National e Local regulations .
reccomendations

regulation regulations regulations

Figure 16: Regulation Analysis Methodology, D2.1

D2.1 also outlines the following points with which regulations should be examined:
e Name of the current regulation.
e Scope of the regulation: main objective and targeted audience.
e Name of the institution in charge of regulating mentioned topics.
e Name of the auditing agencies in charge of each system.
e Related policy frameworks involved in the regulated topic.
e Access to the regulation: Link or way to access.
e Analysis of regulation.

3.1.1 RES production of electricity and compensation
The DEZNZ (Department of Energy Security & Net Zero) is responsible for setting policy for
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the electricity sector in GB, while the market is requlated by the GEMA (Gas and Electricity
Markets Authority), which acts through Ofgem (Office of Gas and Electricity Markets) (CMS,
2015). The UK electricity industry was privatised in the 1989 Electricity Act (now Electricity
Act), which is the primary legislation for electricity in the UK. Following privatisation of the UK
electricity sector, the landscape of the UK electricity market changed to be in-line with changes
in European Union legislation, mostly concerning free competition, transparency, free access
to the network and security of supply (CMS, 2015).

The Shetland grid is owned by Scottish and Southern Electricity Networks (SSEN) Distribution,
previously known Scottish Hydro Electricity Distribution. As the DNO (Distribution Network
Operator), SSEN Distribution operates and maintains the distribution network, including
managing new generation and demand connections. The distribution network supplies power
from the transmission system to users. There is currently no transmission infrastructure on the
islands but a 600 MW HVDC interconnector to the UK Mainland is due to be commissioned in
late 2025.

The majority of Shetland’s Energy is generated by the diesel power station in Lerwick and the
gas fired plant at the Sullom Voe oil terminal. Renewable generation contributes 20% to the
generation according to official statistics.

Development has been hamstrung by the inability to export energy since Shetland is 100 miles
from the coast of Scotland. The recent interconnector, ostensibly to take power from the
Viking windfarm and other large developments, will hopefully provide the necessary offtake
allowing existing renewable to generate more. Once the Grid Supply Point becomes active,
this will become Shetland’s main source of power and the Lerwick power station will be kept
for emergencies.

The capacity on this new export cable is, however, already oversubscribed. It is unclear at this
time how new and existing small scale/community owned projects will be accommodated. The
future of the ANM is uncertain and the future of the current limitations on domestic
generation are also uncertain.

Itis however clear that the large amount of wind generated locally will be orders of magnitude
higher than local demand.

3.1.1.1  Regional/Local

The Local Heat and Energy Efficiency Strategy is currently under consultation. It identifies four
priorities (letters correspond to those in the LHEES itself):

A. Making Shetland’s homes energy efficient.

B. Removing poor energy efficiency as a driver of fuel poverty.

C. Improving carbon efficiency of non-domestic Council buildings.
D. Exploring heat networks for non-domestic Council buildings.

The following table has largely been reproduced from SIC's Local Heat and Energy Efficiency
Strategy (appendix 2). Some additional relevant documents have been added (Shetland Island
Council, 2025).

Name Description
Local Housing Strategy 2022-2027 Sets out a strategic vision for the delivery of
(Shetland Islands Council, 2021) housing and housing-related services and the

outcomes that SIC seek to achieve. Includes a
focus on improving housing conditions to
increase energy efficiency and tackle
poverty.
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Our Ambition The key focus of the Plan is to reduce
(Shetland Islands Council, 2021) inequality of outcome in Shetland. This plan
provides strategic political direction to help
Shetland Islands Council focus on the things
that can help most to create opportunities
and achieve long-term sustainability for
Shetland. Various sections within the
Corporate Plan are relevant to LHEES:

e Climate Change

e Sustaining current jobs and creating
new ones

e Skills and learning

e Fairer Shetland

Local Development Plan (2014) Describes the Council’s land use Strategy for
(Shetland Islands Council, 2014) the next 20 years. Requires that new
buildings take actions to reduce emissions
through low and zero-carbon generating
technologies.

Strategic Housing Investment Plan (2021- | Details the resources to be applied and

2026) prioritised for the delivery of housing supply.
(Scottish Government, 2024) Sets target for 376 new units of

accommodation across Shetland over the
next 5 years.

Shetland Energy Strategy (2024) Covers all aspects of energy transition which
(Shetland Islands Council, 2024) will impact all aspects of life in Shetland. The
four long-term outcomes of the Shetland
Energy Strategy are to:

e Reduce emissions

e Secure affordable energy

e Create and retain local wealth
e Develop skills and capacity

SIC Climate Change Strategy 2023-2027 Sets out how the Council will mitigate and
(Shetland Islands Council, 2023) adapt to the climate crisis. The Council
intends to reduce carbon emissions from
buildings in line with net zero targets and
ensure new buildings are net zero. Areas
covered include:

e Developing green skills

e Promoting access to funding

e ABS/Warmer Homes/ HES/ ECO

e Energy efficiency advice

e Facilitating feasibility studies
Indicative Regional Spatial Strategy (2021) The Planning (Scotland) Act 2019 established

(Shetland Islands Council, 2021) a new duty for a planning authority, or
authorities acting jointly, to prepare and
adopt a Regional Spatial Strategy. Regional
Spatial Strategies (RSS) are long-term spatial
strategies which are to identify:

e The need for strategic development
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e The outcomes to which strategic
development will contribute

e Priorities for the delivery of strategic
development

e Proposed locations, shown in the
form of a map or diagram.

Shetland Health and Social Care Partnership: | From the document introduction:

Joint Strategic Plan (2025) “The plan describes our vision for our
(Shetland Islands Council, 2025) community health and care services in
Shetland. The Plan tells you about our
priorities, the goals and outcomes we want
to achieve, and how we will plan and provide
services to meet the needs of those in
Shetland. We regularly review and update
our Plan to ensure we work to provide the
best possible health and social care services
for our community.”

Net Zero Route Maps (NZRM) (2022) Two NZRM outlining how the Council and
(Shetland Islands Council, 2022) Shetland as a whole can work towards
achieving net zero emissions by 2045.
Includes goals to increase energy efficiency
in buildings and move properties to heat

pumps.
Asset Management Strategy (2019-2024) Describes the Strategy for managing
(Shetland Islands Council, 2023) buildings owned by the Council. Prioritises

energy sustainability by reducing energy
consumption.

Table 11: Summary of relevant local policies reproduced from SIC's Local Heat and Energy Efficiency
Strategy (Shetland Island Council, 2025)
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3.1.2 Energy market

An output from D2.1 of the ISLANDER project was general study on the energy markets in all
the follower islands. The results of this study are reproduced below in Table 12: Energy
markets regulation analysis for Shetland, United Kingdom.

Obstacles to ease the energy production

Type of obstacle (requlation/ | Definition of obstacle Is there a tentative proposal

social/ economical...) to solve this obstacle? Who
should be involved in solving
it?

Obstacle 1: The existing Shetland There are extensive plans for

Distribution network distribution network is at the upgrade of the existing

capacity capacity distribution network but

space in the new capacity is
quickly allocated. There is
lack of clarity around how
the ANM will operate in the
future and how new
generation will be curtailed.
The decisions the SSEN take
with respect to ANM, priority
queues and new generation
once the GSP becomes
active should be carefully

considered.
Obstacle 2: Transmission use of system | These charges are locational
charges and are higher for sites

further from main centres of
national demand. These high
charges are a barrier to the
larger projects referred to
above. The charging
methodology is set by
Ofgem.

Table 12: Energy markets regulation analysis for Shetland, United Kingdom

3.2 Deployment of hydrogen-based storage

Shetland was a world leader in small scale hydrogen with PURE Energy Centre in Unst having
a very small-scale electrolyser and two hydrogen cars in the early 2000’s. They are now a
Hydrogen technology company selling products and expertise worldwide. There are no other
existing Hydrogen or P2X projects in Shetland.

There are three known P2X projectsin planning in Shetland in Lerwick, Scatsta (Former airport)
and Sullom Voe QOil Terminal. The exact scale of these is unclear but it is likely that at least one
of these, should they go ahead, will be on a large scale to make use of energy from the large
windfarms being developed. See section 2.3 for an overview of known hydrogen projects in
development.

EMEC's conclusions with respect to the Hydrogen in Orkney are laid out in Section 3.2 of the
Orkney Replication Report. These conclusions are relevant to using Hydrogen as an energy
carrier for grid storage in the Shetland context.

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669




DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS — SHETLAND AND WESTERN ISLES
Version 3.1
© ISLANDER consortium | public document

3.3 Deployment of fast-response peak shaving + intra-day
storage (Ultra caps + Li-ion battery)

The deployment of fast response peak shaving intra-day storage, in the form of a Battery
Energy Storage System (BESS), could be an option to reduce curtailment in the ANM as the
batteries can be used to absorb excess generation. There are already 6.5 MWh (8.3 MW) of
storage capacity in batteries installed as part of Lerwick Power station and the Nova tidal array.
There are another 110 MW of battery storage projects in the development pipeline

3.4 Deployment of RESS household solutions

As stated in SICs LHEES (Local Heat and Energy Efficiency Strategy) (Shetland Island Council,
2025), the council is focussed on improving energy efficiency for all homes. The council has
adopted a ‘fabric first" approach, focusing on improving home insulation as the priority.
Integrating household renewable energy generation is not part of this strategy.

The experience of ReFLEX Orkney, as detailed in the section 3.4 of the Orkney ISLANDER
Replication report, is valid here due to the DNO being the same in both cases and on both
Archipelagos. The same issues with respect to regulation and the difficulties installing more
than 3.6 kW of generation still apply.

3.5 Deployment of RESS building solutions

The ‘D2.5 RESS Building Solutions’ deliverable had a specific focus on integrating PV and
storage technologies in buildings. This objective faces much the same barriers already
discussed in Sections 3.1 and Section 3.4. Due to these limitations, there is greater scope for
decarbonisation of heating than just electricity usage.

A lack of data exists on non-domestic buildings across the whole of Scotland including
Shetland and what data does exist is limited (Shetland Island Council, 2025). Public buildings
are well known and SIC have been working on decarbonising its property portfolio, with
insulation initiatives and retrofitting renewable heating systems. In addition, there are 141
buildings connected to the SHEAP, representing 8% of all non-domestic buildings in Shetland.

There are limited renewable energy solutions that are analogous to RESS planned to be
integrated at present.

3.6 EV charging

D2.6 assessed potential EV charging infrastructure in Borkum, with a key focus of aiming to
have the EV charging system integrated in the smart grid network and the smart IT platform.

Shetland has a much small electric vehicle fleet than in Orkney, however the takeaway from
ReFLEX as discussed in section 3.6 of the Orkney ISLANDER Replication report is broadly
applicable to the Shetland context as well. The main difference is the unknown future nature
of the ANM system on Shetland.

It is expected that most charging will be done at home due to limited distances travelled on
the Island.

As it stands, V2Gis not really an option until the UK energy market allows it properly, and there
is better integration between the grid operator and smart metering / EV arrangements - this
is likely to be secondary to the current net zero approach of increasing the amount of
generation, i.e. policy change needed to expedite it.
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3.7 Seawater district heating network

As described in Section 2.1.3.5, Lerwick already has a district heating network powered
primarily by a waste incinerator. Using seawater as a supplemental heat source has been
investigated and rejected due to the ‘low-grade’ of the heat produced.

3.8 Upgrading of street lighting network

SICis already aware of the implications streetlighting has from a carbon reduction and energy
consumption standpoint, stating in its carbon management plan:

“This is Shetland Islands Council’s first formal Carbon Management Plan (CMP). The
plan aims to reduce emissions from our fleet, buildings, street lighting and other
facilities. It prioritises actions that reduce our carbon footprint with the added benefit
of cutting costs in most cases.”

There were 3,995 streetlighting columns in Shetland in 2017 consuming roughly 1.8 MWhr of
electricity annually. In October 2012 SIC approved the Streetlight reduction policy. Its
objective was to “manage the reduction of street lighting through risk assessment so as to
retain lighting at locations where it is most needed.” (Council, 2019) Effectively, this meant
removing lighting circuits that had come to end of life instead of replacing them and ‘part-
night' lighting, where lights are off between midnight and 0600.

As of 2019 this changed due to the availability of affordable LEDs and public push-back over
the removal of lighting in certain areas. Moving to a policy of LED replacement with selective
dimming means a 70% reduction in electricity usage and significant cost savings.

Shetland has a high variation in seasonal daylight hours, with night lasting approximately 5
hours in June and more than 18 hours in December hence there is high variability in the
monthly usage and consumption of electricity for lighting.

The benefit of integrating into a smart IT platform could be substantial as much of Shetland’s
streetlighting illuminates areas that have long periods of no footfall. Using smart solutions to
improve the energy and cost efficiency, as well as limiting light pollution should be
investigated as part of the replication effort of ISLANDER in Shetland.

3.9 Summary for replication actions

The local context changes rapidly in Shetland, and a lot of change is expected in the coming
years. When replicating the ISLANDER solutions, many of the aspects discussed in this section
will need to be revisited to ensure that the local energy landscape is well understood at that
time.

The following tasks make up the plan for replicating the adoption of ISLANDEDR DER + HER
solutions:

Regulation and Policy

e Conduct review of regulation and policy and assess the landscape of the local and
national energy sector at time of regulation.

e Assess whether barriers have been removed.
e Assess whether solutions are still effective or needed post grid upgrade.
Deployment of hydrogen-based storage

Currently, the assessment is that this is unfeasible in Shetland at present and so will not be
part of the replication plan. If there are clear indications from the regulatory task above, or
anywhere else, that that is no longer the case, then this decision can be reassessed.

RESS for fast response peak shaving
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When replicating, the value of installing BESS in Shetland would need to be reassessed.

Stakeholder mapping and engagement - To achieve this, both the local authority —
Shetland Islands Council —and the DNO - SSEN — would need to be on board.

RESS for Household solutions

Review at LHEES (Shetland Island Council, 2025) and assess what opportunities can be
taken advantage of at time of replication — where can RESS be implemented,
accelerated or barrier removed.

Engage SIC for collaboration — essential.
Identify funding opportunities for RESS in buildings.
Identify if barriers have been removed.

RESS for buildings

Review at LHEES (Shetland Island Council, 2025) and assess what opportunities can be
taken advantage of at time of replication — where can RESS be implemented,
accelerated or barrier removed.

Engage SIC for collaboration — essential.
Identify funding opportunities for RESS in buildings.
Identify if barriers have been removed.

EV Charging

Regulatory review.

Review of impacts of ANM.

Funding opportunity identification.

EV Tariff review.

Map location for battery/storage assets to grid pinch points for control programming.

Seawater district heating network

Engage with SHEAP and SIC.

Street lighting

Impact assessment of street lighting.
Assessment of benefits case of smart IT platform integration to be built.
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4 WP3 REPLICATION — DIGITALISATION OF THE
ENERGY SYSTEM

4.1 DNO plans for modernization

The following is a list of the key documents referring to SSEN's network upgrades.
e Gremista Grid Supply Point: Strategic Development Plan (Jan 2025) (SSEN, 2025)
e Shetland Future Developments - Beyond 10 Year Plan - “Attachment 2" (SSEN, 2025)
e Shetland History of Policy Decisions - “Attachment 4” (SSEN, 2025)
e North Mainland Shetland Reinforcement Project (SSEN, 2024)
e The slidepack associated with an SSEN Developers Focused Webinar (June 2024)
e NINES Documents (reports 4B and 7A are of most relevance) (SSEN, 2017)
e Other documents

4.1.1 Upgrade of the distribution
network and increase of its
resilience

The Shetland grid is summarised in section
2.1.1. There are a range of improvements
trialled/proposed and some selected for
implementation already:

e A new 600 MW HVDC ‘Shetland 1
interconnector has been built to offtake
power from the 443 MW Viking
windfarm to the Scottish mainland. It is
expected that in late 2025 this will also
connect to the local distribution
network, potentially allowing for
greater local generation on days when
renewables performance exceeds local
demand.

e There are plans for a second 1,800 MW
‘Shetland 2" HVCD interconnectoris also
planned. The landfall site is tbc.

e There are numerous cables planned for
the offshore windfarms in the vicinity of
Shetland.

e A third interconnector has also been
proposed but this is in early planning
stages.

In addition to the interconnectors to
mainland Scotland, there are plans for
internal distribution upgrades. Figure 17  Figure 17: Substation upgrades planned for Shetland.
shows the locations of the planned Shetland 1: 132 kV, Kergord Substation 220/132 kV,
substations along with some expected Zeélo%/;fg/:’cgSgaggg/iég//z‘fzskV/U/]VOFUEFQSUgszfg‘ZOV”
. . . an ' Southern or |
interconnector landing points. Shetland 2 400/275 KV
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4.1.2 Network automation

The expansion of the existing ANM system is expected to continue although the details of its
operation with respect to priority queues and curtailment going forward remains unclear.
There are currently extensive discussions being held amongst suppliers and SSEN to establish
how their connections will be affected in the future.

4.2 Integration to smart IT platform

It is necessary to review the systems in place prior to attempting replication. The systems
below align with that in deliverables D3.2 - D3.6.

The structure of the Smart IT Platform itself (D3.1) should not need to change as it appears to
be extensible.

Integration to the UK energy markets is unclear. Further work and evaluation is likely to be
required in this area. It is also likely that de-scoping technologies would enable a simplified
version of the system to be implemented, rather than have the current full system not
implemented.

A revised architecture, once integration options are fully understood, is likely to be needed.

4.2.1 Grid smoothing (UltraCaps/grid batteries)

The planning of this type of infrastructure on Shetland is highly dependent on what
resolutions are reached regarding new connections and ANM. At the time of writing this is
unknown. There are already batteries installed along with existing generation e.g. the battery
at the Nova Tidal turbine which has an ANM connection.

Ultra-capacitors are not currently authorised for use by SSEN on their networks

4.2.2 Domestic PV/batteries & building systems

Domestic energy assets below 3.6 kW are permitted to export to the grid. At the time of
writing, it is unclear how future systems greater than this will be integrated into the Shetland
electricity network. A number of individuals and community groups who were spoken to
during this project stated their understanding that there was currently “zero chance” of
securing a grid connection any time soon for projects of greater capacity than the 3.6 kW per
phase connect and notify limit restricting current ‘prosumer’ type installations in Shetland.

4.2.3 Hydrogen systems

There is some experience with hydrogen systems in Shetland with projects like PURE. But as is
the case in Orkney, there are safety and logistical problems that currently have no obvious
solutions. Any future for hydrogen in Shetland looks to be centred around repurposing natural
gasinfrastructure at Sullom Voe powered by a number of very large wind farms. This, however,
is decarbonisation at the national scale; this approach is likely beyond the scope of an
ISLANDER type project.

4.2.4  District heating

Shetland is unigue in having one of the oldest district heating systems in the UK. It already
services most of the accessible properties in Lerwick and most of the non-domestic buildings
too. Feasibility studies are also underway in the town of Brae. Any effort to decarbonise this
should focus on the heating technologies as opposed to trying to create more district heating
elsewhere in Shetland.
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4.2.5 EV charging stations

The recommendations here are not significantly different from those in the Orkney ISLANDER
Replication report, section 4.2.5.

4.2.6  Street lighting system

Contact should be made with Shetland Islands Council Roads to establish the current state of
street lighting control. This is understood to be time-based depending on daylight hours and
may not be particularly optimisable. Lighting is also understood to be of energy efficient LED
types in most installations, and a plan existing for replacement of non-efficient lighting
modules.
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5 WP4 REPLICATION - IMPROVED MULTI-SCALE
FORECASTING

5.1 Individual energy demand forecast

Note: The contents of Section 5 of the Orkney ISLANDER replication report are largely valid
for Shetland since much of the information would be sourced from the same national and
regional datasets.

The population of Shetland stands at 23,165 according to the 2022 Scotland census.
Demographic information is available from the Scotland census website (Scotland's Census,
2022)

5.1.1 Private (residential) users

Since Shetland is demographically similar to Orkney, we recommend the same process
outlined in the Orkney ISLANDER Replication report, section 5.1.1.

5.1.1.1  Demographics

The Shetland population distribution is similar to the UK. The largest population group is
approaching retirement, Figure 18 Figure 21: Average electricity consumption per customer.
BIES UK Gov Stats. Around 6,760 people live in the main town of Lerwick, the rest are
distributed amongst smaller towns with a large number living rurally. 62.2% of the population
live in detached houses and 25.1% are in semi-detached houses (Soctland's Census, 2022). This
is an important consideration for sampling due to how differences in dwelling type affecting
energy consumption.
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Figure 18: Population pyramid for Shetland — 2011 and 2022

5.1.2 Public users

The SICemploys 3,668 people (correct as of 2022) and are responsible for an array of municipal
services. There are the usual services expected of a small town, including a hospital, libraries,
emergency service stations, schools, sports facilities and historic buildings. (Shetland Islands
Council, 2025)

Electricity consumption figures are generally split between only domestic and commercial
users. This is due to how electricity is paid for in the UK where the tariffs are either business
or domestic. Public buildings will pay for electricity at business rates. Some estimates will have
to be made about how to parse total island business consumption into public and commercial.
Lists of public buildings can be requested from SIC as can energy bills. It may not be possible
to accurately say whether a facility is public or commercial. Ferries and ports, for example, are
a network of private, commercial and state-supported stakeholders.
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5.1.3 Commercial users

Shetland has a diverse economy; the largest industries are: (Shetland Islands Council, 2025)
e Seafood - both fishing and aquaculture.
e Agriculture.
e Tourism.
e QOiland Gas.
The numbers of employees per sector is given in Table 13. (Shetland Islands Council, 2025)

Of these industries, tourism is probably the most amenable to an ISLANDER type solution.
Maritime and agricultural decarbonisation is reliant on diesel powered plant and machinery,
and the technologies for replacing the existing plant are either expensive, in development or
not widely available.

The oil and gas Ffacility is largely self-sufficient from an energy standpoint. It is also National
scale infrastructure so any large changes would probably involve input from the UK
government as well as the consortium who own and operate it.

The energy contribution of tourism is in increased electricity use, space heating and internal
travel. It is likely the emissions reductions can be made across hotels, accommodation and
public transport and an ISLANDER type solution could contribute to that.

Shetland Employee Jobs by industry 2021 2022 2023 %
s 75 1 03
1250 %00 80 57
Electricity, gas, steam & air conditioning 150 125 75 0.5
supply

Water supply, sewerage, waste 100 100 100 0.7
management and remediation activities

1250 1250 1250 89
vehicles/cycles

90 90 %0 64
activities

7S w0 20 14
5. 3 3 02
s 75 0 o7
Professional, scientific and technical 450 500 450 3.2
activities

0  s0 500 3
security

250 1250 1250 89
2500 2000 2000 143
20 40 40 29
$0 50 500 36

Table 13: Employees in each sector excluding farm-based agriculture, self-employed, government-
supported trainees and HM Forces
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The following large consumers are expected to be added to the Shetland grid as part of future
developments. See Also Section 2.3.

e Lerwick Distillery — new distillery proposed (circa 320 MWh annual demand)

e New hospital —demand unknown, it is reasonable to assume that much of the demand
for the new hospital will simply match the demand of the existing hospital but if the
new hospital is built out with the reach of the Lerwick District Heating Network there
will be up to an additional 1 GWh of annual demand for electrification of heating and
hot water.

e Saxavord Spaceport — demand unknown but peak electrical power requirements
understood to be up to 2.5 MW

e Air travel — Loganair have noted their intention to introduce ES-30 Hybrid Electric
Planes onto some routes but as electrification of air travel is in its infancy it may be a
significant time before this is rolled out fully across all Shetland flights

5.1.4 Solar PV

The recommendations from the Orkney ISLANDER Replication report, section 5.1.4 are valid
for Shetland too.

5.1.5  Wind energy
The recommendations from the Orkney ISLANDER Replication report, section 5.1.4 are valid
for Shetland too. Noting the following topographical differences:

The elevation varies from 0 to 200 m across much of the island, reaching a maximum of 450 m.
This will have significant local effects on wind speed.

5.2 Weather forecast

Figure 19 shows the Met office weather stations on and near Shetland, the Lerwick met station
is located just outside the town to the southeast at 82 m above sea level. Met office data can
be requested online; some data requires payment - for further information see (Met Office,
2024). Alternative sources exist, such as ECMWF/Copernicus.
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Figure 19: Met Office stations on and near Shetland.

In addition to The Lerwick met station, data will be recorded by windfarms. Met mast/Lidar
data from wind sites can be of very high quality due to the need to adhere to strict criteria for
scenarios like power performance testing and operational grid forecasting. Not all wind farms
collect data like this, and not all wind farms keep their systems maintained; there may be
nacelle mounted anemometry or turbine power used as a proxy for wind speed. Some sites
may be willing to sell data or provide it under the condition that it is anonymized; operators
would need to be approached individually for this. In addition to this some non-met office met
stations are indicated on the OSCAR website (OSCAR, 2025).

5.3 Energy price forecast

The connection of Shetland to the main UK electricity grid, expected in 2025, means that
means that Shetland will be subject to pricing as set at the national level. The same limitations
for Orkney apply here. See section 5.3 in the Orkney ISLANDER Replication report.
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ISLANDER WP 4 is concerned with the acquisition of data for the use in models developed by
the ISLANDER project. A summary of potential sources for the data is presented below.

Required data

Sources

Comments

Users Private SSEN online smart meter data | Smart meter data is incomplete
and files are large
Questionnaires Local demographics needs to be
considered in sampling.
Public SSEN online smart meter data | Smart meter data is incomplete
and files are large
Requesting bills from SIC
SIC manage most public facilities.
Commercial | SSEN online smart meter data | UK gov for breakdown of energy
use by sector
Example questionnaires from | Care required in commercial
each industry. /public distinction
Renewable | PV Domestic PV requested from | Requires contacting individual
Generation user producers.
Estimated from historical Midas online data portal from
irradiance. Met Office. ECMWEF may also be
used.
wind Request from individual Contact local wind farm owners,
windfarms and/or SSEN.
Weather Lerwick Met station (+other ECMWF / Met Office allows
local) procurement of this data,
sometimes for zero charge
windfarm data Likely to need to be anonymised
and/or bought
Energy Price Energy price tied tightly to Weather, demand etc have little

gas price

effect on gas price. Geopolitical
events currently driving this.
Reform needed nationally.

Energy pricing historical data can
be obtained from Elexon.

EV usage / charging

Chargeplace Scotland

DVLA (EV
registrations/ownership
addresses)

Chargeplace Scotland run the
main public charging network.
Better understanding of EV
registration address would be
helpful, and the DVLA could be
contacted for this.

Table 14: Summary of data sources for WP4 replication
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6 WP5 REPLICATION - IMPLEMENTATION OF
ISLANDER SMART IT PLATFORM

The ISLANDER Replication Plan for Orkney identified that the complexity of the Orkney grid,
mix of generation, and distributed nature of EVs and households, as well as UK legislation and
working practices regarding the energy market resulted in the Smart IT Platform tool being
overly simplistic.

The implementation of high-capacity interconnectors to the Western Isles and Shetland from
the main UK grid means that these island groupings will become large scale generators in
future (if they aren’t considered so already) and able to take advantage of the large amount
of wind generation available within their own island regions.

Further to this, the UK authorities (either at local or national scale) have invested in local
energy infrastructure and this has included hydrogen and storage technologies. There is
therefore limited scope remaining for influencing the direction of travel and technology
selection and planning processes in these island regions.

As a result, the Smart IT Platform tool has not been executed for either region, as the results
will not be detailed enough to inform local planning, which may already have been in place.

A set of parameters for GridPilot has been generated, however, and this is articulated here,
should anyone feel there is value in use of the tool.

6.1.1 Photovoltaic

Parameter Suggested | Units Comments / Rationale
Value
Panel power peak 0.4 | kWp UK installations typically used 400W
panels
Guaranteed minimum 80 | % Default value
performance
Panel lifespan 25 | years Expected lifetime.
Temperature gamma -0.3 | %/°C Default value — to be checked.
coefficient
Installed power 0 | kwp Assume nothing installed ahead of

ISLANDER. We know this is false, but
serves as a worst case.

Installation cost 865 | £/kWp | Typical £165 panel cost + £700 install
cost per panel
Maintenance cost 0.025 | £/kwWh | assumed £200 per property per year =

3.6kW assuming 6h usage/day = 50%
efficiency. 6h*365d = 2190h , so 3.6kW *
2190h = 7884 kWh/yr ~£200/8000 =
0.025 £/kwh

Space required 1.87 | m?/kWp | Panelsare 1.7m x1.1m =1.87 m?

Installation space 189,588 | m Assume as # households, 3.6kW max on
each -16.8m2 for 11622 households,
reduced by 337 for the number of
prosumer households.

Table 15: Shetland Smart IT Platform parameters - PV
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6.1.2 Prosumers

Parameter Suggested | Units Comments / Rationale
Value

Panel power peak 0.4 | kWp Same as PV
Guaranteed minimum

performance 80 | % Same as PV

Panel lifespan 25 | years Same as PV
Temperature gamma

coefficient -0.3 | %/°C Same as PV

Assume nothing installed ahead of
ISLANDER. We know this is false but

Initial installed power 0| kWp serves as a worst case.
Maximum battery size 8 | kWh Typical size required for a UK household.
Panelinstallation cost 865 | £/kWp | Same as PV
Battery installation cost 1000 | £/kwWh | Estimate —to be checked.
Panel maintenance cost 0.025 | £/kWh | Same as PV

Added 0.63m2 for battery rack to PV
Space required 2.5 | m?/kWp | footprint.

1. Western Isles has 533 households
(estimated 3.5%) with PV - could
be considered prosumers at

Installation space 5661 | m? present. 16.8m?x 533
2. Assuming similar no as Orkney
46855 | m? ~24% of households (2789)

Table 16: Shetland GridPilot parameters - Prosumers
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Parameter Suggested | Units Comments / Rationale
Value
Vehicle's battery
capacity 50 | kWh From Reflex Orkney
Slow charger max Default charger modelinstalled by Reflex
charging power 7 | kW Orkney is 7kW Type lI
Fast charger max
charging power 22 | kW Standard fast charging rate.
Slow chargers installed 218 Every EV has a charger.
Fast chargers installed 6 13 Rapid Chargers in WI
Population density limit 1073 | ppl/km? | Population density of Lerwick halved.
Population density of
the island 16 | ppl/km? | Population density of the isles.

Table 17: Shetland Smart IT Platform parameters — E-mobility

Estimates for charger installation costs are not included at present. These need to be
evaluated to align with expected growth in EVs.

The time of day each EV spends charging, versus being driven has not been evaluated in the
Smart IT Platform data file. At present a single daily profile is used. The supporting data file

can be supplied as required.

6.1.4  Existing interconnection (no distro level)

Parameter Suggested | Units | Comments / Rationale

Value
Cable capacity 0| kw No interconnection at present
Network cost 0 | £/kwh | No interconnection at present

Table 18: Shetland Smart IT Platform parameters — Existing interconnection
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6.1.5 New Interconnection (existing Link 1)
Parameter Suggested Units | Comments/Rationale
Value

Existing 600 MW link to Scotland. GSP to
Cable capacity 600,000 | kW be commissioned 260 km

10,000,000 * 260km /25 years *
Network cost 173 | £/kwh | 600,000 kW
Installation cost 642,000,000 | £ According to SSEN

Table 19: Shetland Smart IT Platform parameters — New interconnection

6.1.6  New Interconnection (HVDC)
Parameter Suggested Units | Comments / Rationale
Value
New 1.8GW HVDC connection to
Cable capacity 1,800,000 | kW Scotland. Assuming 300 km
10,000,000 * 300km /25 vyears *
Network cost 67 | £/kwh | 1,800,000 kW

Nominal number based on allocated
funding of 4.3bn to EGL2 project
(Peterhead to Drax) to which this is
related and Link 1.

Installation cost 1,000,000,000 | £ 300 km from Shetland to Peterhead

Table 20: Shetland Smart IT Platform parameters — New interconnection

6.1.7  Onshore wind turbines (no Viking)
Parameter Suggested | Units Comments / Rationale
Value
Average large Orkney wind farms cut in
speed. Many different types, likely to be
Minimum wind speed 3.3 | m/s a poor estimate.
Optimal wind speed 15.6 | m/s Average of rated power speed.
Maximum wind speed 25| m/s Average of cut out speed.
Turbine power 1381 | kW Average of large Orkney wind farms
power.
Power already installed 12400 | kW Current installation power
Cost of installation 1500 | £/kw £1.5M per MW
Maintenance cost 68 | £/kwh | Maintenance cost fora 1 MW turbine.
Space required 50 | m?/kW | Estimate

Table 21: Shetland Smart IT Platform parameters — Wind
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6.1.8  Onshore wind turbines (With Viking)

Parameter Suggested | Units Comments / Rationale
Value

Average large Orkney wind farms cut in

speed. Many different types, likely to be
Minimum wind speed 3(m/s a poor estimate.
Optimal wind speed 13.7 | m/s Average of rated power speed.
Maximum wind speed 25| m/s Average of cut out speed.

Average of large Orkney wind farms
Turbine power 3747 | kW power.
Power already installed 455,560 | kW Current installation power
Cost of installation 1500 | £/kwW £1.5 M per MW
Maintenance cost 68 | £/kwh | Maintenance cost fora 1 MW turbine.
Space required 50 | m?/kW | Estimate

Table 22: Shetland Smart IT Platform parameters - Wind

/ WP6 REPLICATION — DEMONSTRATION AND
VALIDATION

Testing of the AYESA system is well defined in Work Package 6. Any changes to either the
AYESA Smart IT Platform or cloud-based demand response system would need to go through
system/unit, acceptance and operational test phases.

Unlike Orkney, Shetland is not a registered power zone so the scope for experiments at grid
level is somewhat reduced. In addition, the future with regard to how new electrical
connections will be integrated into the network is unclear.

8 WP7 REPLICATION - RENEWABLE ENERGY
COMMUNITIES

It is considered unlikely that the ISLANDER initiative would deliver the technical changes
required by itself: third parties would do this on behalf of ISLANDER.

Citizen engagement then becomes a matter for those parties to bring the Shetland
community with them.

This makes it very difficult to propose a citizen engagement model, as any ISLANDER concept
implementation would first need to agree what can and what cannot be implemented. Then
each sub-project would need to perform community engagement activities, potentially with
any other sub-projects that may be running concurrently.

Regardless, engagement with local stakeholders is essential.
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Key stakeholders are:

e Shetland Islands Council (SIC) - primarily infrastructure services who hold responsibility
for climate change, energy, estates, environmental services (e.g. waste management),
roads, ferries, ports and harbours.

e Hjaltland Housing Association (HHA).
e Scottish and Southern Electricity Networks (SSEN) — distribution.

e Shetland Net Zero (SNZ) — similar organisation as the former Shetland Renewable
Energy Forum.

Shetland does not have an equivalent organisation to ReFlex Orkney.

Shetland does not have a direct equivalent to Orkney’'s THAW. A number of organisations in
Shetland offer some of the similar services:

e Shetland Citizens Advice Bureau (CAB).
e Home Energy Scotland (HES).

e Shetland Islands Council Energy Helpdesk — responsible for surveys for energy
improvement grants.

Additional Stakeholders:

e Shetland Heat Energy and Power Ltd (SHEAP) — operators of Lerwick District Heating
Scheme.

e Shetland Charitable Trust (SCT) — organisation who control a substantial wealth fund
(>£400 m) managed and disbursed for the benefit of Shetland. They also own SHEAP.

Relevant industrial and commercial energy companies / projects:

e Veri Energy — wholly owned subsidiary of EnQuest, the operators of Sullom Voe
Terminal, focussed on decarbonisation and new energy projects.

e Norn (the Shetland Engineering Alliance) — a collaboration of four Shetland
engineering companies.

e Shetland Aerogenerators — local wind farm owner, operator and developer.
e Statkraft — developing wind farms in Shetland, with plans for hydrogen production.

e Viking Energy — owned by SSE Renewables and Viking Energy Shetland (local
stakeholders).

e Northfish —local biomass and wind energy company.
e Arven - offshore wind farm east of Shetland being developed by OceanWinds.
e Stoura - offshore wind farm east of Shetland being developed by ESB.

e Nordri — local electrical engineering firm installing renewable generation, typically
wind and solar, in Shetland.

Any ISLANDER concept implementation plan will involve some engagement with a number of
the parties above, then a communications exercise to solicit agreement for the plan and
subsequent implementation should be undertaken.
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9 WP1 FOLLOWER ISLAND — THE WESTERN ISLES

9.1 Energy Overview —Western Isles

9.1.1 Status of the Grid Structure of the Western Isles

The Western Isles currently gets most of
its electricity from the mainland UK
energy grid. There are two main circuits
fed by two 33 kV lines coming from the
north of the Isle of Skye. (SSEN, 2023)

The northern line (22 MW) feeds the Isles - (S;Lol;iNWAY
of Lewis and Harris; it lands at the south of -

the Island group where it is stepped up to
132 kV. This transmission line runs the
length of the Island to Stornoway. It is
stepped down and distributed over 33 kV
and 11 kV systems.

The southern interconnector (8 MW)
comes from the same point on the Isle of
Skye and lands on South Uist. The Isles of HARRIS GRID
North Uist, Benbecula, South Uist, Barra
and smaller interconnected isles are all
served a 33kV and 11kV distribution
network coming from here.

e Thelsland Group is supported by a
number of 33 kV / 11 kV primary
substations.

e There are two Primaries on Harris
(Stockinish and Tarbert) and eight
Primaries on Lewis (Arnish, Barvas,
Battery Point, Callanish, Coll, Gisla,
Laxay and Maaruig).

e Theisles of North Uist, South Uist,
Benbecula, Eriskay, Barra and
Vatersay are supported by four
primary substations (Clachan, Aird, T
Drimore and Pollachar). — ;

e SSEN Distribution also operates R
four embedded Diesel Power
Stations on the Western Isles.
These are Arnish and Battery Point
on Lewis, Loch Carnan on South
Uist and Barra Power Station on
Barra.

Battery Point and Loch Carnan power stations serve primarily as backup generation facilities,
particularly during periods of maintenance or upgrades on the main electricity network. For
example, at various times last year they were used during the replacement of overhead
transmission lines between Lewis and Harris. Specifically, the Loch Carnan power station
operates primarily as a 'peaking' plant during the winter months, supplementing supply when
electricity demand exceeds the capacity of the interconnector (approximately 22 MW). It is
also used during summer maintenance of the interconnector and provides contingency

Figure 20: Western Isles interconnectors.
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support in the event of an interconnector failure. The operational status of the Barra power
station is currently unclear; it may either be active or held in reserve as a backup facility. This
grid is much more reliant on its connection to mainland Scotland than Orkney or Shetland. It
has less local generating capacity but a high penetration of wind (44 MW).

9.1.2  Stability of Energy Distribution

Electrical loads both generate and absorb reactive power. Since the transmitted load often
varies considerably from one hour to the next, the reactive power balance in a grid varies as
well. This can result in unacceptable variations in voltage, including voltage depression or even
voltage collapse.

Compared to Orkney, the Western Isles have less renewables penetration but also have a less
robust connection to the UK mainland electricity grid:

1. The Western Isles have implemented limited ANM with a connection only at Point and
Sandwick. This system dynamically manages the connection of renewable energy
generators to the grid. It monitors the grid in real-time and adjusts the output from
these generators to prevent overloading the grid, ensuring stability.

2. Energy storage plays a crucial role in balancing a grid with a high percentage of
renewables. To date, the Western Isles haven't implemented large scale battery
storage technologies but there are several small hydroelectric sites and one small
hydrogen facility.

3. Community participation and innovative tariffs: encouraging community participation
in energy usage patterns and introducing innovative tariffs has helped in balancing the
grid. For example, tariffs that incentivise reduced consumption during peak times can
lead to a more balanced load on the grid. Some energy suppliers are starting to offer
dynamic time-of-use tariffs in the UK, but there are issues with older time-of-day tariffs
which are reliant on obsolete radio tele-switching technology, requiring consumer
equipment upgrades in poor signal areas.

The Western Isles are not directly connected to the mainland grid for large-scale power
transmission at present, but there are plans to increase this significantly with a 1.8 GW link to
the Isle of Skye.

Because the local grid is at capacity, the Distribution Network Operator (DNO) is resistant to
adding new generation assets. The DNO definition of generation assets includes grid-
connected storage assets, such as batteries — which therefore means there is a reluctance to
install these. There are extensive plans for modernisation discussed in section 11.1

No new generation >50 kW is being accepted, at time of writing, however generation of
<3.67 kW per-phase is still permitted/accepted under “G83” legislation.

9.1.3 Western Isles’ Existing Energy Use

9.1.3.1  Electricity consumption

Like most of the UK, electricity consumption increases during the winter due to the cold and
the dark causing an increased used in indoor lighting, heating etc. Unlike Borkum, the
population of the Western Isles does not increase massively in the summer with visitors.

BEIS (Department for Business, Energy, and Industrial Strategy) makes energy consumption
statistic available. Shown below are the total electricity consumption and energy consumption
per customer, Figure 21 and Figure 22 (UK Government, 2024)

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669




Page | 61

DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS — SHETLAND AND WESTERN ISLES

Version 3.1
© ISLANDER consortium | public document

Annual Mean Energy Consumption per Customer - Western Isles
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Figure 21: Average electricity consumption per customer. BIES UK Gov Stats
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Figure 22: Total energy consumption per year
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9.1.3.2 Electric Vehicle Demand

EV demand can be considered in two forms, unidirectional and bidirectional. Unidirectional
electric vehicles are operated only charging from the grid whereas bidirectional electric
vehicles can interact with the grid by charging or discharging. Currently, there are
approximately 54 charging stations installed on the islands for a total of around 227 electric
vehicles (UK Government, 2025). The progression of EVs adoption throughout the Western
Isles is presented in Figure 23: Progression of EVs implemented throughout the Western Isles.
DVLA registrations 2009-2024.

Total Rapid Plug-in Ultra Low

Chargers Chargers Vehicles Emission Vehicles

Western Isles 54 13 227 175

Table 23 - Electric vehicles and associated infrastructure currently on the Western Isles.

250
DVLA registered electric vehicles on Western Isles (cumulative)

200

150

Number of EVs

100

50

0
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Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2

Year

Figure 23: Progression of EVs implemented throughout the Western Isles. DVLA registrations 2009-2024

9.1.3.3 Streetlighting

No figures for the cost of streetlighting in the Western Isles were found, but based on the
Shetland figures and knowing that there are nearly 7000 lighting poles as compared to the
3995 in Shetland. It is estimated that Streetlighting consumes between 3 and 3.5 MWhr of
electricity annually.

9.1.3.4 Thermal Demand

For The Western Isles, the primary thermal energy requirement is highest during the winter
months. Therefore, modelling the thermal energy demand based on the ambient temperature
of The Western Isles is suggested. The accompanying Figure 24 displays the average
temperatures recorded on the islands between 2017 and 2024.
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Yearly Temperature Variation - Western Isles
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Figure 24: Annual change in temperature recorded in the Western Isles.

Figure 25 presents the minimum, average and maximum temperatures recorded within the
Western Isles in 2024.
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Figure 25: Range of temperature recorded in the Western Isles (2024).
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9.1.3.5 Heating

This section includes domestic scale renewables which are primarily used to generate power
for the host property’s own use with any excess being fed into the grid.

Domestic Heating in the Western Isles comes primarily from Qil, electricity (direct or via heat
pumps) and mains gas (available in parts of Stornoway only). Solid fuelis still in use in domestic
properties but is largely used to supplement or back-up another heating method. More rural
areas have some properties running solely on solid fuel including peat, coal, wood logs and
waste wood. Peat cutting is still carried out but by a small proportion of the population and
typically not on a scale required for a primary heating source. (Comhairle nan Eilean, 2024)

Domestic properties main fuel type: Qil 46%, Electricity 31%

Non-domestic properties main fuel type: Electricity 79%

There has been a steady uptake of heat pumps, particularly for new builds and those eligible
for energy improvement grants. GSHP installations have slowed compared to ASHP since 2016
due to the high cost of installation and the eligibility of ASHPs under energy improvement
grants. Solar PV and BESS installations have increased due to their eligibility under energy
improvement grants.

Year Year Year Year Year Total Since
2020/21 2021/22 2022/23 | 2023/24 2024/25 2009

ASHP 180 404 279 275 311 2,806
GSHP 5 1 0 1 58
Other Heat Pump 0 0 0 0 0 1
Solar heating 1 4 1 0 1 110
Biomass 0 0 0 0 0 123
Solar PV 8 7 30 74 120 561
BESS 0 0 0 2 37 42

Table 24 - Low carbon heating and renewable generation installed under MCS in Shetland since 20089.

Properties Total

Total domestic properties in Western Isles [REREN

Connected to Stornoway Gas Network 1,600

(includes non-domestic customers)

Table 25 - Total domestic properties, and those connected to Stornoway Gas Grid
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9.1.4  Energy Mix on the Western Isles
Table 26 shows the energy mix throughout the Western Isles in 2020. (UK Government, 2022)

Fuel Type Energy Percentage
(GWh) (%)

Electricity 147.7 25.6
Coal and Coal-Based Products 9.3 1.6
Manufacturing Fuels 3.5 0.6
Petroleum 341.9 59.3
Gas 24.4 4.2
Biofuels 50.0 8.7
Total 576.9 100.0

Table 26 - Energy mix throughout the Western Isles (2020).

9.1.4.1 Fossil fuel energy

Coal /Solid fuel

Solid fuel is used mostly for domestic heating. Coal is imported via road and ferry and
distributed locally it an important source of heat for those in or near fuel poverty. It is
occasionally supplied by charities to the poorest homes. (British Gas Energy Trust, 2024)

Peat is an indigenous solid fuel in the Outer Hebrides. While use has declined, peat cutting
continuesin most townships in Lewis and Harris and the Uists. Traditionally, peat is cut by hand
for private consumption although some mechanised extraction is known to take place (Pact
of Islands, 2011). This is due not only to tradition, but also for cost reasons amongst the
poorest households, as identified by the Scottish Government’s consultation on the ban of the
sale of peat (Scottish Government Riaghaltas na h-Alba, 2023).

There is very little mature commercial forestry in the Outer Hebrides and what virgin wood is
used (in the form of split log, wood chip or wood pellet) is imported by road haulage via
mainland ferry routes by local independent distributors (typically those distributing coal
products). An exception is the Stornoway Trust which supplies split-log arising from the
management of the mature woodlands surrounding Lews Castle.

Liquefied Petroleum Gas (LPG)

A small gas network operates in Stornoway providing piped LPG to 1600 Domestic properties
accounting for around 6% of the properties on the archipelago. Only 1% of non-domestic
demand is serviced by the gas network. Where mains gas is present, it is typically used for
space heating and cooking. The council had intended to decarbonise the gas network using
green Hydrogen, however there are significant obstacles to this. A non-exhaustive list of the
challenges of blending hydrogen into gas grids include:

e Increased leak rate due to smaller molecular size and higher diffusion rate, high
flammability, low ignition energy required.

e Risk of hydrogen embrittlement (Hydrogen diffusion into steel can encourage
propagation of any existing cracks and possible failure of the steel).

e Gas meter accuracy.
The Western Isles LHEES document identified properties on the Gas Network which may be

suitable for ASHP installation but in doing so would reduce the customer base and viability of
the gas network. It is likely that the proposed move to using hydrogen on the network will
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reduce any impetus locally or nationally to move customers from the gas network to the
electricity network for their heating and cooking.

LPG includes propane and butane. Bottled gas of this type is typically used for cooking and as
fuel for a small number of vehicles.

Kerosene

46% of domestic properties are heated by kerosene oil. In addition, 17% of non-domestic
buildings use kerosene as their primary fuel accounting for 21% of non-domestic demand.

Plans to move away from Kerosene are laid out in the Local Heat and Energy Efficiency
Strategy (LHEES). Houses are categorised by their suitability for heat pumps based on energy
efficiency.

Petrol and Diesel

Most of the transportation on the Western Isles is fossil fuel powered (98.9% of ~19,800
vehicles registered in 2024 were petrol or diesel) (UK Government, 2025). In addition, the
Islands maintain several small diesel generators for electricity production. Almost all
agricultural vehicles and mobile plant are dependent on diesel. See Table 27 for storage
capacity of fuels.

Gas Oil and Sulphur Free Gas Oil

These fuels are primarily used in industry, agriculture and for heating. A significant amount is
also consumed as marine gas oil. As discussed in the Orkney report, section 2.1.4.1,
decarbonisation in this sector is outside the scope of ISLANDER.

Storage Capacity (m?®) - Scottish Fuels Depot

Stornoway Loch Carnan Ardveenish

760 1590
1025 510 90 1625
340 320 111 791
570 320 17 1070
460 - - 460

Table 27 - Liquid fuel bulk Storage capacity 201 1. Ardveenish includes figures for facility in Castlebay,
Barra (Pact of Islands, 2011).

Additional Non-Renewable Power Generation
None known.

9.1.4.2 Renewable Energy

As is the case with Orkney and much of the rest of the county, renewable energy enjoyed a
boom after the introduction of Renewable Obligation Certificate (ROC) and Feed in Tariff (FiT),
schemes in 2002 and 2010 respectively. The expansion of wind and solar consumed grid
capacity and there has been a de facto moratorium on new generation in highly constrained
grids such as Island groups since around 2016. Table 28 below shows the installed capacity of
renewable generation in 2023 according to UK government statistics.
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PV (MW) Onshore Hydroelectric Anaerobic Total
wind (MW) (MW) Digestion (MW) (MW)

Western Isles 2.0 48.0 2.1 0.2 52.3

Table 28 - Renewables installed capacity 2023 - UK government statistics

Wind Energy

According to the UK government, there in currently an installed capacity of 48 MW of wind
installed spread across 195 installations. Known installations greater than 50 kW are listed

below
Name Capacity (kW) Commission Date
5,900 01/12/2006
900 19/10/2012
18,000 28/06/2013
910 10/08/2013
2,730 16/12/2013
58 29/03/2014
300 05/06/2014
o5 31/10/2014
70 31/10/2014
1,500 18/12/2014
9,060 17/06/2015
53 29/07/2016
100 09/09/2016
37,646 :

Table 29 - Installed wind farms in Wester Isles over 50kW
Solar Energy

In 2023 there was a total of 2 MW of installed capacity on the Western Isles across 533
installations. There are no known large-scale (>50 kW) PV installations.

Hydro Energy

There are two large Hydroelectric sites which were both built in the 1960s. There is an
additional micro-hydro scheme.

e Chilostair Power Station, 1 MW
e Gisla Hydro Power Station, 0.67 MW
e Bunavoneader micro-hydro scheme, 0.1 MW

Marine Energy
There are no known wave or tidal installations across the Western Isles.
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9.1.4.3 Energy Storage

Stationary storage devices
There are no known grid scale battery energy storage installations across the Western Isles.

Mobile storage: EVs and vehicle to grid

As of 2024 there were 224 electric vehicles in the Western Isles but the infrastructure and
regulatory framework for using this as grid storage does not exist.

Hydrogen storage
There is some existing Hydrogen infrastructure related to the Creed facility. It is not used for
electric power.

9.2 Holistic Energy System design and Deployment

An outline of a holistic energy system is given in the Orkney ISLANDER Replication report
section 2.2

9.2.1 Energy Generation
9.2.1.1  Wind Resource

The Western Isles boast an exceptionally robust wind resource, making it an ideal location for
harnessing wind energy. The islands experience high average wind speeds due to their
northern latitude and exposed geographical position. Average wind speeds are typically
around 5.5 meters per second at 10 m.

Asaresult, the Western Isles has the potential to generate substantial amounts of wind power;
estimates suggest that the installed turbines can produce well over 100% of the local
electricity demand at times. This surplus energy provides a significant opportunity for The
Western Isles to export clean energy or utilise it for other sustainable practices, such as
hydrogen production.
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Averaged Yearly Windspeed Variation- Western Isles
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Figure 26: Yearly Wind speed variation - Western Isles.
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Figure 27: Windspeed Weibull distribution for Western Isles

The wind generators installed in the Western Isles currently range from small-scale to large-
scale all with various characteristics of cut-in, rated and cut-out wind speeds.

e Small-scale turbines in the Western Isles are typically used for domestic or small
community applications. Small-scale wind turbines usually range from a few kilowatts
to around 50 kW. They are often seen on farms, residential properties, or small
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businesses.

A typical small turbine would be around 6 kW, similar to a SD6, supplied by SD Wind
Energy, which has a 5.2 kW @ 11m/s rating, with 2.5m/s cut in speed, and continuous
operation at high speed. (SD Wind Energy, n.d.)

e Large-scale wind turbines are part of larger wind farms and significantly contribute to
the electricity supply in the Western Isles. They are engineered for high efficiency and
durability given the high wind speeds in the area.

According to the Renewable Energy Foundation, there is 37.6 MW of installed capacity for
large WTGs >50 kW in size (Renewable Energy Forum, 2024). UK government statistics
state a total of 48 MW of installed wind at all scales over 195 sites. (UK Government, 2024)

9.2.1.2 Hydro Electric Power
The isles of Lewis and Harris are contiguous. Historically they have been considered separate
due to the lack of a road through the mountains between them. Here the terrain rises to 799 m

and feature many high lochs. Annual rainfall is high, averaging between 1.2 and 1.4 m. given
the terrain and the precipitation; this area is ideal for hydroelectric power generation.

Western Isles Monthly Rainfall
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Figure 28: Monthly rainfall in the Western Isles

There are 2 Hydroelectric power stations with a combined power output of around 2 MW

e Chliostair Powerstation is on the island of Harris built in 1960. Is has a rated capacity of
1.32 MW and has historically run at a load factor of 33%. It is supplied by water from
lock Chliostair at a head of 125 m.

e Gisla Power stationis on Lewis also built in 1960. It has a rated capacity of 0.72 MW and
is run at a load factor of 42%. It is fed from Loch Rég Beag at a head of 42 m.

There have been plans for a 300 MW pumped storage Eishken estate on Lewis since 2016
which would function along with the large, planned wind farms. Information is lacking and the
current status of this project it unknown.

There are several small installations of around 100 kw.
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9.2.1.3 Solar Radiation Resource

The Western Isles, while renowned for its wind resources, has less potential for solar power.
The islands are situated at a high latitude in the north of Scotland, meaning shorter daylight
hours during the winter months. During the summer, while the days are longer, the solar
irradiance is generally lower compared to more southerly locations often due to high cloud
cover. Solar panels in the Western Isles generate less energy annually compared to regions in
Southern England, reflecting the lower intensity and duration of sunlight.

Despite these limitations, solar power can still contribute to the local energy mix, particularly
in the summer months when daylight extends up to 18 hours a day. However, the overall
contribution of solar power to the Western Isles’ energy system is significantly smaller than
that of wind power, emphasising the islands' reliance on their abundant wind resources rather
than solar.

Surface downward longwave and shortwave radiation fluxes are two critical components of
the Earth's energy budget, each with distinct characteristics and sources:

e Surface downward shortwave radiation Flux - This consists mainly of solar radiation,
which includes visible light and ultraviolet radiation. It originates from the sun and
reaches the Earth's surface either directly or after being scattered by molecules and
particles in the atmosphere. Shortwave radiation can be absorbed by the surface,
which heatsit, or reflected back into the atmosphere and space. The ability of a surface
to absorb or reflect shortwave radiation is determined by its albedo (reflectivity). For
example, snow-covered surfaces have a high albedo and reflect most incoming
shortwave radiation, while darker surfaces, like oceans or forests, absorb more.

Figure 29 displays the average shortwave radiation flux for the island between 2017
and 2024, as per Copernicus ERAS reanalysis (Hersbach, 2023).

Western Isles- Shortwave Downard Flux

Mean Surface downward shortwave radiation flux
(W/m*2)

2017 2018 2019 2020 2021 2022 2023 2024
Year

Figure 29 — Short-wave radiation flux from solar activity in the Western Isles.

¢ Surface downward longwave radiation flux - This type of radiation is primarily emitted
by the atmosphere itself. It is also known as terrestrial or infrared radiation. The
atmosphere emits longwave radiation due to the absorption of upward shortwave
radiation from the sun and subsequent heating of the atmosphere, as well as the
absorption and re-emission of surface-emitted longwave radiation. Longwave
radiation is a form of heat energy emitted by the Earth's surface and the atmosphere.
It is continuously absorbed and re-emitted in all directions, including back toward the
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Earth’s surface, which helps to warm it. This phenomenon is a fundamental part of the
greenhouse effect, where greenhouse gases trap and re-emit infrared radiation,
warming the planet.

Figure 29 displays the average longwave radiation flux recorded on the island between
2017 and 2024.

Western Isles- Longwave Downward Flux
450

200

150

100

Mean Surface downward longwave radiation flux

50

2017 2018 2019 2020 2021 2022 2023 2024
Year

Figure 30 - Long-wave radiation flux from solar activities in the Western Isles.

The following meteorological data (irradiance and ambient temperature) gathered from the
Western Isles has been collated. The average temperatures, along with the average irradiance,
are displayed in Table 30.
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2017 2018 2019 2020
Average Average Average Average
Average Irradiance  Awerage Irradiance  Awerage Irradiance  Awerage Irradiance
Temp ('C W/m”2 Temp ('C W/m”"2 Temp ('C W/m”2 Temp ('C W/m”2
January 7.3 16.8 4.8 17.7 5.5 17.9 7.5 13.8
February 6.4 46.7 4.4 51.9 7.8 38.5 5.5 46.9
March 7.2 98.9 4.7 103.5 7.0 86.3 6.0 92.2
April 8.3 142.0 7.9 9.4 8.4
May 9.3 10.5
June
July
August
Septembel
October
November
Decembe
January
February
March
April
May
June
July
August 152.7
Septembel 84.3 109.7 103.7
October 42.2 55.0 10.2 59.7
November 8.8 19.1 94 20.3 71 254 8.1 22.0
Decembe 6.1 11.0 4.7 12.6 5.8 11.6 7.5 8.5

Table 30 - Meteorological data for the Western Isles (2017 - 2024).

9.2.1.4 District Heating

The ISLANDER project aims to use seawater thermal capacity to supply part of the district
heating in the community of Borkum, this will be considered as part of the optimised energy
solution for the Western Isles within the replication process.

The reference standard water temperature around the Western Isles in Table 31.

Month Sea Temperature (°C)
January 8.3
February 7.4
March 7.1
April 7.6
WEW, 8.9

107
122
129
127
119
105
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Table 31 - Reference water temperature in Western Isles.

The scale of opportunity for heat networks within the Western Isles is low due to the dispersed
nature of settlements and resulting low density heat demand. Housing stock in the Western
Isles is typically quite old, and a retro-fit of district heating to the building stock may be
challenging on economic grounds, as it would require replacement of existing heating
systems, and a large amount of building work and disruption to implement the network. It
could be considered for large new housing developments (on grounds of economies of scale).
Investigations into seawater district heating in Shetland found that due to the low
temperatures, the heat generated would be of low quality and therefore require
supplementation from some other source. It is not expected that this would be any different
than Shetland, in addition, competition for customers would undermine the viability of the
existing gas network for which there are already some decarbonisation plans.

District Heat Networks are therefore not seen as a priority for the islands’ LHEES. Two
potential heat network opportunities were identified as having suitable anchor loads and heat
densities. Both sites are within 300 m of Stornoway harbour so may be suitable for seawater
powered heating schemes:

e Sandwick Road campus (Comhairle Offices, The Nicolson Institute and lonad Spors
Leodhais)

e Lews Castle campus (Lews Castle, Museum nan Eilean and UHI North West & Hebrides).

To be aviable route for decarbonisation, District Heating is reliant on an affordable low carbon
energy source. Current discussions on the topic of District Heating have assumed locally
produced hydrogen from wind as the energy source although there is a large opportunity for
a combination of heat pumps and heat storage to be used given the scale of proposed wind
developments in planning

9.2.2  Storage Solutions

Storage solution technologies play a crucial role in managing the intermittency of renewable
sources such as wind and solar, and their increased deployment could significantly aid The
Western Isles’ ambitious decarbonisation goals.

Lithium-ion Batteries Storage

In the Western Isles, lithium-ion batteries have not been extensively installed. Small batteries
are used domestically to reduce individual properties reliance on the grid, but are subject to
G83 legislation if intending to export and so limited to 3.6 kW.

There are currently no large BESS projects in the Western Isles. In islanded mode (during
outage of the subsea cable), Lewis and Harris rely on the diesel generators at Battery Point to
regulate voltage and frequency. These ageing units, some from the 1950s, are slow to start,
respond poorly to changes, and are under significant operational stress. To maintain system
stability, wind generation must be curtailed during islanded operation. Sudden wind output
changes and the lack of inertial response from turbines make them incompatible with the
diesel fleet, preventing them from running in parallel. In response, Point and Sandwick Trust
(the owner-operators of a 9 MW windfarm on Lewis) are developing their own plans for a
25.5 MW / 50 MWh BESS system, see below.
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EnergyHouse1 HD

2 banks for modular rack disconnection
« Capacity: up to 3.16 MWh (Installed
capacity @Bol)
e HVAC
o Fire detection and fire-fighting system
PowerHouse HD
I e EPS C-BESS HD PCS
” e Uplo14.4 MW/ 14.4 MVA
e Up1o 1500V,
- e 690V, output
ComHouse HD

o MV switchgear (up 10 24kV)

o PROPHET EMS master controlier
o PROPHET EMS HMI

o Auxikary ransformer

33kV Substation

Auxiliary Transformer

Battery Modules
Acoustic Barrier

isting Old Maritime Equipment
to be Removed and Site Made Tidy

Transformer &
Ring Main Unit

Figure 31 - Proposed Point and Sandwick Trust BESS system

Ultra-capacitors (U-CAPS)

Ultra-capacitors are not currently authorised for use by SSEN on their networks.

Bidirectional Electric Vehicles (V2G)

There exists neither the infrastructure nor the regulation currently in the UK to use EVs as grid

storage.

Hydrogen-Based Storage

The Outer Hebrides Local Energy Hub (OHLEH) project has a local scale project split between
the Creed Integrated Waste Management Facility and the Scottish Salmon Company owned
hatchery at Barvas. The project integrates fish waste with domestic and garden green waste
for anaerobic digestion. Biogas from this process will power a CHP plant which will feed an
electrolyser to produce Hydrogen for use in a hybrid diesel/hydrogen refuse lorry and Oxygen
for use in the salmon hatchery. A 300 kW wind turbine will also power the electrolyser.
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Figure 32: Outer Hebrides Local Energy Hub (OHLEH project)

The Outer Hebrides Local Energy Hub also have plans to build larger Energy Hub at Arnish
Deep Water Terminal in Lewis. This aims to take electricity via private wire from the 180 MW
Stornoway Wind Farm to feed electrolysers to produce Green Hydrogen. The initial phase will
include a 10 MW electrolyser, and the second phase will include a 25 MW electrolyser to
produce Hydrogen for the Stornoway Gas Network to replace LPG. Currently this is scheduled
to coincide with the completion of the Stornoway Wind Farm in 2030.

Although very politically popular and providing obvious decarbonisation benefits, there are
technical, operational and safety challenges in Introducing Hydrogen into an existing gas grid
(IGEM, 2023). These challenges have forced delays in blending hydrogen into the main UK gas
grid and include:
e Increased leak rate due to smaller molecular size and higher diffusion rate.
e High flammability.
e Low ignition energy required.
e Risk of hydrogen embrittlement (Hydrogen diffusion into steel can encourage
propagation of any existing cracks and possible failure of the steel) (Guanwei Jia,
2023).
e (Gas meter accuracy.
This list is by no means exhaustive. The use of Hydrogen in a system not initially designed for
it will be required to meet the relevant Codes and Standards so is not as straightforward as it
initially appears.

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669




DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS — SHETLAND AND WESTERN ISLES

| o Version 3.1
AN I S a n e r © ISLANDER consortium | public document

9.3 Changing Energy Landscape

Know energy infrastructure projects are shown in Figure 33. It displays the extent of the
expected large developments both on and offshore.

9.4 ICT Requirement Specification

For information on ICT requirements, see Orkney ISLANDER Replication report, section 2.3.
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Figure 33: Western Isles Energy infrastructure projects.
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10 WP 2 FOLLOWER ISLAND — THE WESTERN ISLES

This section explores the use of Demand Response and Head End System Solutions.

10.1  Revision of the regulatory framework

Note: Regulation at European, UK and Scottish level is the same for the Western Isles as for
Orkney. Details on this can be found in the Orkney report, section 3.1 and are not reprinted
here.

The Western Isles grid is owned by Scottish and Southern Electricity Networks (SSEN)
Distribution, previously known Scottish Hydro Electricity Distribution. As the DNO
(Distribution Network Operator), SSEN Distribution operates and maintains the distribution
network, including managing new generation and demand connections. There is one 132 kV
transmission line the runs across Lewis and Harris.

The current 33 kV cable running between Skye and South Uist has been in service since 1993.
This cable has now reached the end of its serviceable life and is recorded as an HI5 cable which
means SSEN have concerns over the cable’s ability to continue to provide a reliable and secure
connection to the islands and wish the replace the asset to alleviate the health concerns. The
cable to Harris is in better condition but still in need of replacement.

The major constraint to new generation in the Western Isles according to Xero (Xero Energy,
2014)isin cost stability allowing for investment decisions to be made. The below is taken from
the 2014 report on grid access:

The planned transmission reinforcements for the Western Isles are the most
progressed of all the three Scottish Island groups. Earlier-stage issues such as
uncertainty over consents and timescales for generator programmes are less
important simply because enough time has passed for generators to be later onin their
development. Western Isles generators made detailed comments on the TNUoS'
methodology, reflecting the attention that has been focused on stabilising costs to
Facilitate an FID.

Some consented wind farms have been timed out on benefiting from an island CFDs?,
because cable delivery times are now beyond the current [Energy Market Reform] EMR
delivery period. In turn this delay is attributed to uncertainties on TNUoS, underwriting
and CFD market, with SHE-T [Scottish Hydro Electric Transmission — now SSEN] feeling
it cannot make a justified case for investment whilst these uncertainties prevail.
Unlocking this unhelpful circular situation where uncertainty introduces delay which
introduces more uncertainty is absolutely key for the Western Isles reinforcement to
progress. Hence options are focused on:

e Stabilising TNUOS costs through socialising cost movements beyond a certain
point, or; giving generators greater information and control over link costs, in
order that they can anticipate and manage cost risks.

e Giving generators more influence and control over the content and timing of the
needs case.

" Transmission Network Use of System (TNUoS) methodology is the way in which the UK transmission
network charges generators for access to the electricity grid to cover maintenance. It is important in
the rural context because location, among other things, influences the price a generator will pay, the
farther a generator is from demand centres, the more then need to pay.

2 CfDs are a marginal pricing subsidy for renewable energy in the UK. There were additional benefits for
islands in its early form that are no-longer available. (Wind Power Monthly, 2017)
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Underwriting amounts are significant in the Western Isles, with grid costs at a similar
scale to the costs of the generation projects. This is directly impacting the competitive
environment for generation, limiting the market to players not reliant on bank finance.

e The scale of underwriting is impacting on the players that are able to progress
generation projects in the Western Isles and largely limiting it to utility-scale
onshore wind.

e Project diversityin the Western Isles is likely to suffer unless some projects reliant
on bank finance can also receive help with an underwriting funding gap.

Effectively, Xero are saying that generators couldn’'t build and couldn’t take advantage of
subsidies specifically intended for islands due to the lack of infrastructure, and that the DNO
cannot justify network upgrades due to the lack of generation. The problem is exacerbated by
the Islands’ remoteness contributing to larger fees for all parties because of the TUNoS
methodology of pricing.

This has in some way been alleviated by a greater push for Net Zero at the government level.
SSEN have extensive plans for interconnectors at the distribution level along with Gigawatt
scale HVDC to facilitate the large windfarm projects. What is not clear is whether there will be
capacity freed for small and community scale projects.

10.1.1  Regional/Local
The Local Heat and Energy Efficiency Strategy is currently under consultation. It identifies four
priorities (letters correspond to those in the LHEES itself):

E. Making homes in the Western Isles energy efficient.

F. Removing low energy efficiency as a driver of fuel poverty.

G. Improving carbon efficiency of non-domestic Council buildings.

H. Exploring heat networks for non-domestic Council buildings.

The following table has been reproduced from CnE’s Local Heat and Energy Efficiency Strategy
(Comhairle nan Eilean Siar, 2024).

Name Description

Outer Hebrides Local Housing Strategy (awaiting completed publication)

2025-30

The Development Plan of Comhairle nan The Development Plan of Comhairle nan
Eilean Siar Eilean Siar is comprised of National Planning
(Comhairle nan Eilean Siar, 2018) Framework 4 and the Outer Hebrides Local

Development Plan. On 19 November 2018
the Comhairle adopted the Outer Hebrides
Local Development Plan. This replaces and
supersedes the Local Development Plan that
was adopted in 2012.

Outer Hebrides Local Development Plan The Outer Hebrides Local Development Plan
2018 (referred to as ‘the Plan’) sets out a vision
(Comhairle nan Eilean Siar, 2018) and spatial strategy for the development of

land in the Outer Hebrides over the next 10-
20 years. The Plan provides the planning
framework for the Outer Hebrides and
contains the land use planning policies which
the Combhairle will use for determining
planning applications. It also contains a
number of development proposals for our
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settlements and rural areas.

CnES Climate Change Strategy 2022-27 This strategy sets out how the Combhairle will
(Comhairle nan Eilean Siar, 2022) work to decarbonise their estate, assets, and
services, as well as how we will work with
partners to support the islands towards Net
Zero and to build resilience to the effects of
a changing climate.

Indicative Regional Spatial Strategy for the | The Strategy identifies the region’s spatial

Outer Hebrides and Northwest Scotland priorities and highlights candidate National
Region Developments, along with some more
(Thriving Communities, 2022) regionally significant proposals. The strategy

has drawn on known regional priority
projects includes those cited in the recently
awarded Islands Deal, Comhairle nan Eilean
Siar's  post-Covid Economic  Recovery
Strategy, its Corporate Strategy and
candidate National Development Proposals.

Western Isles Health and Social Care | The Framework is intended to:
Partnership: Health and Social Care Strategic | provide the conceptual framework as to

Framework 2023-26 how the IJB approaches population
(Western Isles Health and Social Care health  challenges, informs  the
Partnership, 2023) commissioning plan and ensures our

focus remains outcome focused for our
communities

e guide decisions we make in the short
term, such as annual delivery plans

e inform the longer-term programme of
work

e enable the Board (IJB) and our
communities to assess actions against
our strategic ambition

e provide a basis for more detailed and
engaged conversation with our two
parent bodies and wider partners about
the challenges ahead, supporting wider
achievements of integration of health
and social care services

Outer Hebrides Hydrogen Opportunities The findings of this report suggest that the
Market Study optimal sectors for pursuing green hydrogen
(Comhairle nan Eilean Siar, 2020) in the Outer Hebrides from onshore wind are

heat and transport. As well as being the
largest possible hydrogen sectors, the
hydrogen technology applications in these
sectors are either emerging or established.

Table 32: Summary of relevant documents
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10.1.2 Energy market

An output from D2.1 of the ISLANDER project was general study on the energy markets in all
the follower islands. The results of this study are reproduced below in Table 33.

Obstacles to ease the energy production

Type of obstacle (regulation/ | Definition of obstacle Is there a tentative proposal

social/ economical...) so solve this obstacle? Who
should be involved to solve
it?

Obstacle 1: The existing Western Isles | Upgrades planned for Skye-

Distribution network distribution network is at | Uist 33 kV interconnected

capacity capacity S)(()gected to be completed in

7.

HVDC transmission link with
1.8 GW capacity planned to
Lewis facilitating large scale

export.
Obstacle 2: Transmission use of system | These charges are locational
charges and are higher for sites

further from main centres of
national demand. These high
charges are a barrier to the
larger projects referred to
above. The charging
methodology is set by
Ofgem.

Table 33: Energy markets regulation analysis for Western Isles, United Kingdom.

10.2 Deployment of hydrogen-based storage

EMEC has extensive experience with hydrogen in the UK context specific to Orkney. Section
3.2 in the Orkney ISLANDER report details a synopsis of EMEC's opinion on Hydrogen in the
UK context. Barriers can exist to connecting fuel cells to the grid as an electricity generator so
it may be that other uses could found for the hydrogen such as heating, vehicle fuel or as
feedstock for synthetic fuels.

10.3 Deployment of fast-response peak shaving + intra-day
storage (Ultra caps + Li-ion battery)
The deployment of fast response peak shaving intra-day storage, in the form of a Battery

Energy Storage System (BESS), could be an option to reduce curtailment in the ANM grid and
even free up capacity on the network for new connections of low carbon generation.

10.4 Deployment of RESS household solutions

As stated in CnE's LHEES (Local Heat and Energy Efficiency Strategy) (Combhairle nan Eilean
Siar, 2024), the council is focussed on improving energy efficiency for all homes. The council
has adopted a ‘fabric first’ approach, focusing on improving home insulation as the priority.
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Integrating household renewable energy generation is not part of this strategy. There are
many ‘low hanging fruit’ problems that can be addressed before new heating technologies are
implemented:

e 36.1% of properties have EPC ratings F-G.
e 22% have less than 10 cm of loft insulation thickness.
e 53% of houses have uninsulated walls.

Table 34 below is reproduced from the LHEES (Combhairle nan Eilean Siar, 2024) and outlines
the targets to be required to reduce heating emissions on the Western Isles. RESSs are not
seen as a priority for domestic housing:

Priorit Target

Il = e R iild[=h "8 By 2033, all homes EPC C*

in domestic buildings By 2028, all private-rented homes EPC C*

By 2033, all owner-occupied homes EPC C*

By 2032, all social rented homes EPC B*

NG EIEEEEY By 2027, no more than 20% of households are in fuel
poverty**

By 2027, no more than 55% of pensioners are in fuel
poverty**

By 2040, no more than 5% of households are in fuel poverty
& 1% in extreme fuel poverty*

) By 2040, vast majority of off-gas domestic properties using
zero emissions heat.*

By 2040, vast majority of on-gas domestic properties using
zero emissions heat*

By 2040, vast majority of non-domestic properties using
zero emissions heat*

By 2038, Zero Direct Emissions in Public Sector Buildings*

Reduction
living in fuel poverty

Heat is decarbonised
domestic buildings

Heat is decarbonised in non-
domestic buildings
Table 34: Comhairle nan Eilean Siar Local Heat and Energy Efficiency Strateqgy Targets. *National targets **

Target from

The strategies being considered are summarised in Table 35 from the same document.

No. LHEES Description Local Context
Consideration
Heat 1 Off-gas grid Identification of low 89% of domestic
Decarbonisation buildings regrets off-gas heat properties in na h-

decarbonisation
pathways and
opportunities at a
strategic level and at
a delivery level.

Identification of
potential

on-gas heat
decarbonisation
pathways

and opportunities at a
strategic and delivery
level.

2 On-gas grid

Identification of zones
where heat networks
present a potential

3 Heat
networks
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Eileanan Siar are off-gas
grid. Decarbonisation of
off-gas grid properties is
therefore a priority
consideration for the
islands’ LHEES.
Approximately 1600
properties in na h-
Eileanan Siar are on the
gas grid.
Decarbonisation of the
Stornoway Town Centre
network using 100%
green hydrogenis a local
priority.

The scale of opportunity
for heat networks within
na h-Eileanan Siar is low
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No. LHEES
Consideration

Energy 4 Poor building
efficiency & energy
other outcomes efficiency

5 Poor building
energy
efficiency as a
driver for fuel
poverty

6 Mixed-
tenure,
mixed-use
and historic
buildings

Description

decarbonisation
option, considering
heat demand density,
the proximity of large
heat demands that
could form the basis
of a network, and any
opportunities or
constraints relating to
development
potential.

Identification of
possible locations at a
strategic and delivery
level where poor
building energy
efficiency exists
across the local
authority.

LHEES should identify
possible locations at a
strategic and delivery
level where poor
building energy
efficiency acts as a
driver for fuel
poverty.

Identification of
locations at a
strategic and delivery
level where there are
mixed-tenure, mixed-
use or historic
buildings which are
likely to require
building level
intervention or
tailored approaches.
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Local Context

due to the dispersed
nature of settlements
and resulting low density
heat demand. Heat
Networks are therefore
not a priority for the
islands’ LHEES, however
detailed analysis has
[not] been carried out to
confirm this and comply
with the Heat Networks
(Scotland) Act.

Energy efficiency of
buildings in the island is
significantly poorer than
the national average.
Due to the high
prevalence of fuel
poverty, this
consideration is
incorporated into the
poor building energy
efficiency as a driver for
fuel poverty priority.
Rates of fuel poverty and
extreme fuel poverty in
na h-Eileanan Siar are
highest in Scotland.
Addressing poor energy
efficiency as a driver of
fuel poverty is the
highest priority for the
na h-Eileanan Siar LHEES
and heat
decarbonisation should
only take place where
this is not detrimental to
fuel poverty targets.
Less than 3% of buildings
are mixed tenure. 99% of
buildings are not listed
and 4 % arein a
conservation area. Due
to the small numbers of
buildings, this is not a
priority consideration for
the LHEES.

Table 35: Overview of the Local Heat and Energy Efficiency Considerations in the context of na h-Eileanan

- .

Siar.
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Itis clear from these tables that RESS systems are not a priority of the CnE. This is unsurprising
given the difficulty in getting connections for power systems over 3.6 kW.

10.5 Deployment of RESS building solutions

The “D2.5 RESS Building Solutions” deliverable had a specific focus on integrating PV and
storage technologies in buildings. This objective faces much the same barriers already
discussed in Sections 3.1 and Section 3.4.

10.6  EV charging

D2.6 assessed potential EV charging infrastructure in Borkum, with a key focus of aiming to
have the EV charging system integrated in the smart grid network and the smart IT platform.

The Western Isles has a much small electric vehicle fleet than in Orkney, however the takeaway
from ReFLEX as discussed in section 3.6 of the Orkney ISLANDER Replication report is broadly
applicable to the Western Isles context as well.

10.7  Seawater district heating network

The CnE is not opposed to district heating as stated in the Local Development Plan (Comhairle
nan Eilean Siar, 2018):

“Opportunities to co-locate or connect with district heating schemes or heat producers
should be investigated, where they are available”

but is aware of the limits, stating in their LHEES (Comhairle nan Eilean Siar, 2024):

“The scale of opportunity for heat networks within Na h-Eileanan Siar is low due to the
dispersed nature of settlements and resulting low density heat demand. Heat
Networks are therefore not a priority for the islands’ LHEES.”

A report by the chief planning officer of the sustainable development committee outlines the
following potential for district heating (SUSTAINABLE DEVELOPMENT COMMITTEE, 2025):

“There is a clear and pressing need to decarbonise the Comhairle’s estate and the
Sandwick Road campus (Comhairle Offices, The Nicolson Institute and lonad Spors
Leodhais), currently fuelled by kerosene and LPG, lends itself well to a single heat
source District Heat Network with Hydrogen as its heat source. However, business
resilience across these buildings requires a reliable and continuous supply of Hydrogen
while Local Authority finances require a competitively priced fuel so now may not be
the time to commit to Hydrogen as an only heat source. It is suggested that some
thought be given to the development of a District Heat Network, powered initially by
an LPG boiler which is ‘Hydrogen ready’ and can be switched over to Hydrogen once
supply is assured. A similar, Hydrogen fuelled District Heat Network opportunity exists
at the Lews Castle campus (Lews Castle, Museum nan Eilean and UHI North West &
Hebrides).”

In order to be a viable route for decarbonisation, district heating is reliant on an affordable
low carbon energy source. Current discussions on the topic of district heating have assumed
locally produced hydrogen from wind as the energy source although there is a large
opportunity for a combination of heat pumps and heat storage to be used given the scale of
proposed wind developments in planning.
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10.8  Upgrading of street lighting network

There are approximately 6854 streetlights across the western Isles. LEDs are being installed as
budget allows; as of November 2024, about half had been upgraded. In addition, streetlights
are now switched off an hour earlier (22:00 instead of 23:00). The council has abandoned a
plan from 2016 that would have saved £1.4 million by turning off all streetlights for 6 months
of the year (Combhairle nan Eilean Siar, 2024).

The Western Isles have a high variation in seasonal daylight hours, with night lasting
approximately 18 hours in January versus only 6.5 hours in June. Street lighting is already
adapted to different dawn and dusk times across the year.

The benefit of integrating into a smart IT platform could be substantial as much of the Western
Isles’ streetlights illuminates areas that have long periods of no footfall. Using smart solutions
to improve the energy and cost efficiency, as well as limiting light pollution should be
investigated as part of the replication effort of ISLANDER. This would perhaps go some way
to alleviating concerns people have over the current passive policy of switching lights off
earlier, (BBC, 2024).

10.9  Summary for replication actions

The local context changes rapidly in the Western Isles, and a lot of change is expected in the
coming years. When replicating the ISLANDER solutions, many of the aspects discussed in this
section will need to be revisited to ensure that the local energy landscape is well understood
at that time.

The following tasks make up the plan for replicating the adoption of Islander DER + HER
solutions:

Regulation and Policy

e Conduct review of regulation and policy and assess the landscape of the local and
national energy sector at time of regulation.

e Assess whether barriers have been removed.
e Assess whether solutions are still affective or needed post grid upgrade.
Deployment of hydrogen-based storage

Currently, the assessment is that this is unfeasible in the Western Isles at present and so will
not be part of the replication plan. If there are clear indications from the regulatory task above,
or anywhere else, that that is no longer the case, then this decision can be reassessed.

RESS for fast response peak shaving

e When replicating, the value of installing BESS in the Western Isles would need to be
reassessed.

e Stakeholder mapping and engagement: to achieve this, both the local authority — CnE
—and the DNO - SSEN — would need to be on board.

RESS for Household solutions

e Review at LHEES (Comhairle nan Eilean Siar, 2024) and assess what opportunities can
be taken advantage of at time of replication — where can RESS be implemented,
accelerated or barrier removed.

e Engage CnE for collaboration — essential.
e |dentify funding opportunities for RESS in buildings.
e |dentify if barriers have been removed.

RESS for buildings
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Review at LHEES (Combhairle nan Eilean Siar, 2024) and assess what opportunities can
be taken advantage of at time of replication — where can RESS be implemented,
accelerated or barrier removed.

Engage CnE for collaboration — essential.
Identify funding opportunities for RESS in buildings.
Identify if barriers have been removed.

EV Charging

Regulatory review.

Review of impacts of ANM.

Funding opportunity identification.

EV Tariff review.

Map location for batter/storage assets to grid pinch points for control programming.

Seawater district heating network

Align with local authority plans.

Street lighting

Impact assessment of street lighting.
Assessment of benefits case of smart IT platform integration to be built.
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11 WP3 REPLICATION - DIGITALISATION AND
INTERCONNECTION OF ENERGY NETWORKS

11.1  DNO plans for modernization

Some relevant documentation is listed below on the future of the Western Isles’ Electricity
network.

e OUTER HEBRIDES - 2050 WHOLE SYSTEM PROPOSALS ENGINEERING JUSTIFICATION
PAPER (SSEN, 2024)

e Western Isles Connection Project (SSEN, 2023)
e Stornoway GSP Extension (SSEN, 2025)

11.1.1 Upgrade of the distribution network and increase of its
resilience

The Western Isles’ grid is summarised in section 2.1.1. but this is expected to change
significantly in the coming decade. There are 765 MW of onshore and 2.9 GW of offshore wind
planned on and around the Western Isles as the local resource is used in national
decarbonisation efforts. It is likely that the power generated from the planned, large-scale
wind farms will be exported straight to the Scottish transmission network. Local offtake will
be possible via GSP in Stornoway. Detailed information on the transmission upgrades is
available in the ‘Western Isles connection project’ document mentioned above.

For the rest of the island chain,
significant upgrades of the existing

interconnectors are required duetoage | yon.
related deterioration regardless of J—— e roue

4 Substation

Stornoway

expected changes in load and | BHved Battery

. . . In Development Point DEG &
generation. The following shortlist of §- - jvocin Armish DEG
network  upgrade  options  was 500mm2 subsea cable

= = 300mma2 subsea cable
300mm2 subsea cable

presented in the 2050 whole systems
proposal’ document listed above.
Figure 34 show option 2 as an example:

1. Baseline option: Capital is
allocated to ensure that
emergency service repair can
take place, in the event of
failure occurring the current
distribution price control
De riOd ‘ Loch gman D""é;qa“

2. Replace Ardmore — Loch Carnan o . -~
subsea cable with larger cable
and add a new larger size cable /
OHL Ardmore — Clachan & new

. Pollachar
Ardmore — Harris subsea cables. (i)

3. Remove Ardmore — Loch Carnan
subsea cable and replace with
Dunvegan - Loch Carnan
OHL/subsea cable and Ardmore

Barra DEG

Figure 34: Example of potential interconnector upgrades (option
— Clachan subsea cable / OHL & 2 from list to left).

new Ardmore — Harris subsea
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cables.

4. New Dunvegan — Loch Carnan subsea cable /OHL, additional Harris — Clachan subsea
cable / OHL & new secondary Ardmore — Harris subsea cable.

5. Asabove but with 15 km of undergrounded cable.
6. New Ardmore — Loch Carnan subsea cable & new Ardmore — Harris subsea cables.

11.1.2 Network automation

The Western Isles does not currently have widespread ANM connections. This however is
expected to change as the future 1.8 GW interconnector is already oversubscribed. According
to local sources, it seems likely that and new connections will need to be ANM controlled.

11.2  Integration to smart IT platform

It is necessary to review the systems in place prior to attempting replication. The systems
below align with that in deliverables D3.2 - D3.6

The structure of the Smart IT Platform itself (D3.1) should not need to change as it appears to
be extensible.

Integration to the UK energy markets is unclear. Further work and evaluation is likely to be
required in this area. It is also likely that de-scoping technologies would enable a simplified
version of the system to be implemented, rather than the current full system not being
implemented.

A revised architecture, once integration options are fully understood, is likely to be needed.

11.2.1  Grid smoothing (UltraCaps/grid-batteries)

There is not expected to be any grid-smoothing technologies such as ultracapacitors or grid-
batteries on the Western Isles, although these technologies could be explored with larger local
wind farms.

The proposed grid connection upgrade, and subsequent local grid improvements may remove
the constraints on the network, so grid smoothing should not be required in future, or will at
least remain the DNO's problem.

Itis expected that ANM will expand. This may lead to similar issues experienced in Orkney with
priority queues and zones.

11.2.2 Domestic PV/batteries & building systems

Domestic energy assets below 3.6 kW are permitted to export to the grid. However, if grid
export is permitted, local offtake is not. Careful attention should be paid to the situation in
Shetland regarding the future of ANM. The future in the Westen Isles is currently unknowable
but there is likely to be a scenario where any new export capacity is quickly filled up by large
generators at the expense of small-scale producers. This may be an area where an aggregator
software of the type in ISLANDER has a positive effect, giving small scale produces access to a
market they would otherwise be pushed out of.

11.2.3 Hydrogen systems

The existing plans for hydrogen infrastructure do not encompass use of hydrogen as grid
storage. Rather it will be directed to heating, bulk green hydrogen production and as part of
the Creed hatchery.
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CnE have indicated in their LHEES that they are considering supplanting the natural gas in the
Stornoway Gas network with hydrogen derived from wind energy as a renewable form of
heating. There continue to be technical and safety issues with the blending of hydrogen and
natural gas and at time of writing the viability of this plan is uncertain.

Making use of curtailment for hydrogen production is a possible used case for advanced IT
systems assuming the production methods of hydrogen are robust enough to deal with the
variation in available electricity.

11.2.4 District heating

District heating is not seen as a priority due to the dispersed nature of the population. The CnE
is open to exploring the possibility is a viable proposal is presented. There are several
proposals for smaller heat networks at campus scale:

e Sandwick Road campus (Comhairle Offices, The Nicolson Institute and lonad Spors
Leodhais)

e Lews Castle campus (Lews Castle, Museum nan Eilean and UHI Northwest & Hebrides).

11.2.5 EV charging stations

The recommendations here are not significantly different from those in the Orkney ISLANDER
Replication report, section 4.2.5.

11.2.6  Street lighting system

Contact should be made with with CnE to establish the current state of street lighting control.
This is understood to be time-based depending on daylight hours and may not be particularly
optimisable. Lighting is also understood to be of energy efficient LED types in most
installations, with an existing plan for replacement of non-efficient lighting modules.

12 WP4  REPLICATION - INTEGRATION  OF
IMPROVED MULTI-SCALE FORECASTING

12.1  Individual energy demand forecast

Note: The contents of Section 5 of the Orkney ISLANDER replication report are largely valid
for the Western Isles since much of the information would be sourced from the same national
and regional datasets.

The population of the Western Isles stands at 26,140 according to the 2019 Scotland census.
Demographic information is available from the Scotland census website (Scotland's Census,
2022)

12.1.1  Private (residential) users

Since the Western Isles are demographically similar to Orkney, we recommend the same
process outlined in the Orkney ISLANDER Replication report, section 5.1.1.

12.1.1.1 Notes on demographics

The population of the Western Isles is aging, with half of the population being over 50. The
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largest population group is approaching retirement. Figure 35 shows the change in population
over the 11 years between 2011 and 2022. During this time the population dropped from
27,984 to0 26,140. In 2011 the population was distributed such that 78% were on Lewis, Harris
and connected Isles, 17.5% were on Uist and connected Isles and 4.5% were on Barra and

Vatersay.

Age

Wester Isles Population Male & Female
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Population

Figure 35: Population pyramid for the Western Isles— 2011 and 2019

“The only large town in the Outer Hebrides is Stornoway (Stedrnabhagh) with approximately
6,953 people in the Stornoway settlement Laxdale (Lacasdal), Sandwick (Sanndabhaig) and
Newmarket. The remaining population is scattered throughout over 280 townships.
Stornoway is the only settlement, which can really be described as having any 'urban'
characteristics.” (Comhairle nan Eilean Siar, 2020)

70.5% of the population live in detached houses and 25.5% are in semi-detached and terraced
houses (Scotland's Census, 2022). This is an important consideration for sampling due to how
differences in dwelling type affect energy consumption.
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12.1.2 Publicusers

The Combhairle nan Eilean Siar employs around 2,000 people (correct as of 2010) and is
responsible for an array of municipal services. There are the usual services expected of a small
town, including a hospital, libraries, emergency service stations, schools, sports facilities and
historic buildings; ~20% of employment is in health and education.

Electricity consumption data is split between only domestic and commercial users. This is due
to how electricity is paid for in the UK where the tariffs are either business or domestic. Public
buildings will pay for electricity at business rates. Some estimates will have to be made about
how to parse total island business consumption into public and commercial. Lists of public
buildings can be requested from Combhairle nan Eilean Siar as can energy bills. It may not be
possible to accurately say whether a facility is public or commercial. Ferries and ports, for
example, are a network of private, commercial and state-supported stakeholders.

12.1.3 Commercial users

The largest industrial sector in the Western Isles is agriculture, forestry and fishing (31.5%). As
aregion, it is less reliant on tourism, hospitality and recreation than the surrounding region:

“Na h-Eileanan an laris less reliant on accommodation and food services (7.8%) than regionally
(11.8%) and nationally (8.2%) “

“The areais also less reliant upon arts, entertainment and recreation (2.5%) compared to 4.1%
regionally and 4.4% nationally”

12.1.4 Solar PV

The recommendations from the Orkney ISLANDER Replication report, section 5.1.4 are valid
for the Western Isles too.

12.1.5 Wind energy

The recommendations from the Orkney ISLANDER Replication report, section 5.1.4 are valid
for the Western Isles too. Noting the following topographical differences:

It is worth considering that the Western Isles experience strong winds from all directions and
has complex topography varying from 0 to 350 m elevation across the islands, reaching a
maximum of 783 m. This will have significant local effects. The Island chain is 210 km long and
as such, large variations in weather could be expected across the archipelago.

12.2  Weather forecast

Figure 36 shows the Met office weather stations on and near The Western Isles. Met office
data can be requested online; some data requires payment, for further information see (Met
Office, 2024). Alternative sources exist, such as ECMWF/Copernicus.
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Figure 36: Met Office stations on and near The Western Isles.

(Clockwise from North: Stornoway Airport, Cluster: Aultbea 2, Poolewe, Port Henderson, Bealach na Ba 2,
Raasay: Osgaig, Skye:Harlosh, South Uist Range, Harris: Quidnish)

In addition to Met office weather stations, data will be recorded by windfarms. Met mast/Lidar
data from wind sites can be of very high quality due to the need to adhere to strict criteria for
scenarios like power performance testing. Not all wind farms collect data like this, and not all
wind farms keep their systems maintained; there may be nacelle mounted anemometry or
turbine power used as a proxy for wind speed. Some sites may be willing to sell data or provide
it under the condition that it is anonymized; operators would need to be approached
individually for this.

In addition to this some non-met office met stations are indicated on the OSCAR website
(OSCAR, 2025).

12.3  Energy price forecast

Due to the nature of the UK energy market, this section is the same for Orkney as for the
Western Isles. Please see Orkney ISLANDER Replication report section 5.3
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mmary

ISLANDER WP 4 is concerned with the acquisition of data for the use in models developed by
the ISLANDER project. A summary of potential sources for the data is presented below.

Required data

Sources

Comments

Users Private SSEN online smart meter data | Smart meter data is incomplete
and files are large
Questionnaires Local demographics needs to be
considered in sampling.
Public SSEN online smart meter data | Smart meter data is incomplete
and files are large
Requesting bills from CnE
CnE manage most public
facilities.
Commercial | SSEN online smart meter data | UK gov for breakdown of energy
use by sector
Example questionnaires from | Care required in commercial
Renewable | PV Domestic PV requested from | Requires contacting individual
Generation user producers.
Estimated from historical Midas online data portal from
irradiance. Met Office. ECMWF may also be
used.
wind Request from individual Contact local wind farm owners,
Windfarms and/or SSEN.
Weather Stornoway Met station ECMWF / Met Office allows
(+other local) procurement of this data,
sometimes for zero charge
windfarm data Will need to be anonymised
and/or bought
Energy Price Energy price tied tightly to Weather, demand etc have little

gas price

effect on gas price. Geopolitical
events currently driving this.
Reform needed nationally.

Energy pricing historical data can
be obtained from Elexon.

EV usage / charging

Chargeplace Scotland

DVLA (EV
registrations/ownership
addresses)

Chargeplace Scotland run the
main public charging network.
Better understanding of EV
registration address would be
helpful, and the DVLA could be
contacted for this.

Table 36: Summary of data sources for WP4 replication

This project has received funding from the
European Union’s Horizon 2020 research and
innovation under grant agreement No. 957669



DELIVERABLE 8.7: REPLICATION OF PROJECT RESULTS — SHETLAND AND WESTERN ISLES
Version 3.1
© ISLANDER consortium | public document

13 WP5 REPLICATION - IMPLEMENTATION OF

ISLANDER SMART IT PLATFORM

13.1  Planning Tool - Smart IT Platform

PhotoVoltaic

Parameter Suggested |[Units Comments / Rationale

Value

Panel power peak 0.4 kWp UK installations typically used 400W
panels

Guaranteed minimum 80|% Default value

performance

Panel lifespan 25|years Expected lifetime.

Temperature gamma -0.3|%/°C Default value — to be checked.

coefficient

Installed power 0 kWp Assume nothing installed ahead of
ISLANDER. We know this is false, but serves
as a worst case.

Installation cost 865 [E£/kWp  [Typical £165 panel cost + £700 install cost
per panel

Maintenance cost 0.025|£/kwWh  |assumed £200 per property per year =
3.6kW assuming 6h usage/day = 50%
efficiency. 6h*365d = 2190h , so 3.6 kW *#
2190h = 7884 kWh/yr ~£200/8000 = 0.025
£/kWh

Space required 1.87|m?/kWp [Panelsare 1.7m x1.1m =1.87 m?

Installation space 244,675 m? Assume as # households, 3.6 kW max on
each -16.8m2 for 15097 households,
reduced by 533 for the number off
prosumer households.

Table 37: Western Isles Smart IT Platform parameters - PV

Prosumers
Parameter Suggested |Units Comments / Rationale
Value
Panel power peak 0.4 kWp Same as PV
Guaranteed minimum
performance 80 (% Same as PV
Panel lifespan 25lyears Same as PV
Temperature gamma
coefficient -0.3[%/°C Same as PV
Assume nothing installed ahead of
ISLANDER. We know this is false but serves
Initial installed power 0 kWp as a worst case.
Maximum battery size 8 kWh Typical size required for a UK household.
Panel installation cost 865 |£/kWp  [Same as PV
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Battery installation cost 1000 |£/kWh  |[Estimate —to be checked.
Panel maintenance cost 0.025[£/kWh  |Same as PV
Added 0.63 m? for battery rack to PV
Space required 2.5|m?/kWp [footprint.
1. Western Isles has 533 households
(estimated 3.5%) with PV —could be
_ considered prosumers at present.
Installation space 8954 2 16.8mM%x 533
2. Assuming similar no as Orkney
63403m? ~24% of households (3774)

Table 38: Western Isles Smart IT Platform parameters - Prosumers

E-mobility
Parameter Suggested |Units Comments / Rationale

Value
\Vehicle's battery capacity 50 kWh Assumed same as Orkney
Slow charger max charging
power 7 kW Assumed same as Orkney
Fast charger max charging
power 22 kW Standard fast charging rate.
Slow chargers installed 227 Every EV has a charger.
Fast chargers installed 13 13 Rapid Chargers in WI
Population density limit 760 [ppl/km?  [Population density of Stornoway halved.
Population density of the
island 9 ppl/km? |Population density of the isles.

Table 39: Western Isles Smart IT Platform parameters — E-mobility

Estimates for charger installation costs are not included at present. These need to be
evaluated to align with expected growth in EVs.
The time of day each EV spends charging, versus being driven has not been evaluated in the
Smart IT Platform data file. At present a single daily profile is used. The supporting data file
can be supplied as required.

Existing interconnecti

on

Parameter Suggested |Units  |[Comments / Rationale
Value
30 MW connection to Scotland over 2x
Cable capacity 30000 kW 33 kV lines.
1 M£/km install cost. Replace in 25
years. 1,000,000 * 76km /25 years *
Network cost 76 [E£/kWh 140,000 kW

Table 40: Western Isles Smart IT Platform parameters — Existing interconnection
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New Interconnection (Distro)

Parameter

Suggested  |Units

Value

Comments / Rationale

Cable capacity

42000 kW

Guess based on option 11 in SSEN OUTER
HEBRIDES - 2050 WHOLE SYSTEM
PROPOSALS

Add new Ardmore — Loch Carnan subsea
cable. (15 MW)

Add new subsea cable/OHL from Admore
to Clachan. (15 MW)

Add new subsea cable/OHL from Admore
to Harris. (22 MW)

Network cost

120]£/kWh

1,000,000 * 126 km /25 years * 42,000 kW

Installation cost

150,000,000|£

Install cost as per SSEN.

Table 41: Western Isles Smart IT Platform parameters — New interconnection

New Interconnection (HVDC)

Parameter Suggested  |Units  |Comments /Rationale
Value
New 1.8GW HVDC connection to
Cable capacity 1,800,000 [kW Scotland
20,000,000 * 53km /25 years ¥
Network cost 23 |E/kwh 11,800,000kW
Installation cost 700,000,000 |£ Install cost as per SSEN.

Table 42: Western Isles Smart IT Platform parameters — New interconnection

Onshore wind turbines

Parameter Suggested [Units Comments / Rationale
Value
Average large Orkney wind farms cut in
speed. Many different types, likely to be a
Minimum wind speed 2.46|m/s poor estimate.
Optimal wind speed 15.71|m/s Average of rated power speed.
Maximum wind speed 25|m/s Average of cut out speed.
Turbine power 2,035 kw Average of large Orkney wind farms power.
Power already installed 44300 kW Current installation power
Cost of installation 1500 |[£/kW £1.5 M per MW
Maintenance cost 68 |£/kwh  [Maintenance cost fora 1 MW turbine.
Space required 50|m2/kw  |Estimate
Available space 0lm? No new wind farms planned.

Table 43: Western Isles Smart IT Platform parameters - PV
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14 WP6 REPLICATION - DEMONSTRATION AND
VALIDATION

Testing of the AYESA system is well defined in Work Package 6. Any changes to either the
AYESA Smart IT Platform or cloud-based demand response system would need to go through
system/unit, acceptance, and operational test phases.

Like Shetland, the Western Isles is not an RPZ, so the pathway for the demonstration of novel
technologies is not defined. Detailed engagement with SSEN would be needed.

15 WP7 REPLICATION - RENEWABLE ENERGY
COMMUNITIES

Citizen engagement has not been evaluated at present, as any ISLANDER concept
implementation would first need to agree what can and what cannot be implemented.

It is considered unlikely that the ISLANDER initiative would deliver the technical changes
required by itself: third parties would do this on behalf of ISLANDER.

Citizen engagement then becomes a matter for those parties to bring the Western Isles
community with them.

The following is a list of ISLANDER Project Replication stakeholders for the Western Isles.
Comhairle nan Eilean Siar (Council of the Western Isles).

Hebridean Housing Partnership (HHP).

Scottish and Southern Electricity Networks (SSEN) — distribution.

Western Isles don’t have an equivalent to OREF or SNZ but there is a Uist and Barra
Local Energy Forum.

Tighean Innse Gall. They are a housing support organisation similar to THAW in Orkney.
Western Isles does not have an equivalent organisation to ReFlex Orkney.

Additional relevant stakeholders:

e Western Isles Major Developments Forum.

e OHCPP Climate Change Working Group.

e West Side Estates Group (Set up to negotiate community benefit package with
Northland Power; Community wind farm plan emerged from the partnership).

e Thelslands Centre for Net Zero (ICNZ).

e Climate Hebrides.
Community Power Outer Hebrides.

16 SUMMARY — REPLICATION ACTIVITIES AND PLAN

This section summarises tasks and recommendations from previous sections and provides an
indication of how ISLANDER might be implemented in both Shetland and the Western Isles.

Summaries for both Island groups are combined here. Much of what was true for Orkney is
true for Shetland and the Western Isles since all three island groups are in the North of
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Scotland, have similar population sizes and are serviced electrically by the same DNO (SSEN).
An important difference though is the extent to which the wind resource in these archipelagos
is being mustered to contribute to the national Net Zero targets. Shetland and the Western
Isles will effectively be used as landing points for very large offshore and onshore wind
projects linked to the mainland UK transmission network by gigawatt scale HVDC
interconnectors. It is likely that local offtake at grid supply points will become the main source
of electricity which may undermine the business case for local and domestic generation,
particularly if these GSPs are given generating priority.

This summary is split into a series of sections:
Grid/utility planning and scoping.
Local planning and scoping.

Data and analysis.

Regulatory activities.

Tool updates.

Implementation.

7. Community Engagement.

These stages are broadly sequential. Planning activities may be carried out in parallel (stages
1-4), but subsequent activities should be considered sequential, as it is generally inadvisable
to make system changes until a concrete plan for implementation is determined.

It is expected that it would take 3-6 months to hold all necessary meetings and obtain
sufficient data to work up a viable plan in steps 1-4.

The agreement of the plan would need to include all stakeholders and would take a further 3
or so months. However, tool updates and some implementation could take place in parallel.

Once planning is complete, the necessary tool updates, hardware integration, testing and
onboarding of the various assets to the scheme can take place. There would need to be a post
implementation period of monitoring and upgrade as with any new system.

This can be broadly depicted as follows:

ok wnNn =

Task Q1 Q2 Q3 Q4

Grid/Utility planning and scoping

Local planning and scoping design agreed

design agreement

Data and analysis analysis

Regulatory activities

[Tool updates tool upgrade

Implementation hardware and software integration i‘ monitoring and upgrade

Community Engagement commuinity engagement / system launch & asset onboarding

Figure 37: Example high level implementation Gantt.

16.1  Grid/utility planning and scoping

A number of industry stakeholders are required to be consulted with to establish a viable
implementation plan.

16.1.1 SSEN-related information gathering

Assessment of the current status with SSEN will be required. There are several activities to
address in parallel:

e Review progress of the HVDC Links. There are plans for gigawatt scale interconnectors
to both archipelagos.
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e Consider ANM development: In both cases there are limited ANM systems. It is
expected these will expand in the future, but it is currently unclear what effect this will
have on new generation connections.

e Review the thresholds for ANM as these may change when the new interconnectors
are implemented built.

e Obtain technical details of the ANM system to determine if the cloud-based demand-
response system can integrate with it or attempt to work with SSEN to develop it in
such a way as to integrate with ISLANDER.

e Discuss the rules around “generation” being required to connect to the grid only if it is
exporting. Work with SSEN to establish mechanisms by which batteries can be used to
export if also used to support local consumption.

e Obtain a forecast for new generation planned from SSEN.

e Understand if grid smoothing is planned or required and if ultracapacitors are an
option at the grid level for SSEN.

e Understand how to receive live half-hourly data from SSEN.
Obtaining this information is likely to take a small number of months.

16.1.2 Wider energy industry information gathering
The mechanisms by which V2G can be achieved, smart metering data is accessed and how the
energy markets may be accessed is unclear.
Energy suppliers should be contacted:
e EVtariffs should be evaluated to see if they support demand-response.
e Solar/battery export tariffs should be evaluated.

The Data and Communications Company (DCC) should be contacted for access to smart
metering data. This area generally requires further investigation, as the barriers to access are
known to be significant. It may be that access to smart metering data for domestic properties
is not possible. Partly this is regulatory and evaluation of the correct approach is also a
regulatory activity.

A plan for integration with the following must be developed for demand-response to be a
Ssuccess:

e Smart metering data from domestic properties as well as half hourly data already
available by SSEN.

e Intraday Energy Market.

16.2  Local planning and scoping.
16.2.1 Shetland

This section details Shetland-specific information gathering:

e No equivalent to ReFLEX Orkney exists for Shetland, however it is worth contacting
Aquatera (the authors), based in Orkney, to enquire about their methodologies. In
addition, the ReFLEX Orkney Energy Audit provides an excellent list of sources, many
of which are national databases and so can be used for Shetland.

e Consult Voar, who contributed to this document, as a touchstone for local energy
related information and activity.

e There are no dedicated local energy efficiency and heating support organisations, so it
is recommended that SIC be contacted:

o To understand the barriers to decarbonisation, particularly, of coal, kerosene,
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peat in the context of the aging housing stock.

o They will also be able to assist in determining socioeconomic aspects to de-
carbonisation to ensure a just transition.

e Shetland Islands Council are a key stakeholder:
o Obtain more detailed/up to date data on:
» The 2022 Development Plan.

= | HEES.
* Socio-economic data held by SIC relating to housing stock and the wider
population.

o Consider heat networks:

»= Speak with SIC Planning to establish if there is scope for new-build
adoption of heat networks.

= Make contact with SHEAP to discuss expansion of Lerwick District
heating scheme and avenues for decarbonisation.

e Consult with local generators:

o Consult local wind farms for their projected output and plans to develop their
sites.

e Consultwith Chargeplace Scotland to understandif their EV network can be integrated
with a wider network. Obtain technical details from them if so.

16.2.2 Western Isles

This section details avenues of information gathering specific to the Western Isles:

e Contact Aquatera, based in Orkney, to enquire about their methodologies for Energy
Audit. Use sources in ReFLEX Energy Audit report.

An audit was done in 2011 by CnE as part of the EU funded ‘Pact of Islands’ project.
This is now out of date. CnE could be contacted regarding its legacy as the report was
concerned with much the same information as ISLANDER. (Pact of Islands, 2011)

e Consult Atlantic 58, who contributed to this document, as a touchstone for local
energy related information and activity.

e Use local energy efficiency and heating support organisations such as Tighean Innse
Gall,

o To understand the barriers to decarbonisation, particularly, of coal, kerosene,
peat in the context of the aging housing stock.

o They will also be able to assist in determining socioeconomic aspects to de-
carbonisation to ensure a just transition.

e Comhairle nan Eilean Siar is a key stakeholder:
o Obtain more detailed/up to date data on:
* The 2025 Development Plan.
= | HEES.

» Socio-economic data held by CnE relating to housing stock and the
wider population.

o Consider heat networks:

= Speak with CnE Planning to establish if there is scope for new-build
adoption of heat networks.

= Contact CnE for detailed information about the gas network and
decarbonisation routes.

e Consult with local generators:
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o Consult local wind farms for their projected output and plans to develop their
sites.

e Consultwith Chargeplace Scotland to understand if their EV network can be integrated
with a wider network. Obtain technical details from them if so.

16.3  Data and analysis

Utilise the SSEN half-hourly data portal to extract metering data for Scotland. This is
potentially quite a big task. If data is forthcoming from UK smart metering systems,
then also ingest this to try and model consumption more accurately.

Neither Shetland or the Western Isles have an equivalent to ReFLEX Orkney and as such
there is not a single source of consolidated data on domestic generation. Itis likely the
MCS and Ofgem can give information about what is already installed at the domestic
level.

Work up a commercial proposition to avoid the issues encountered by ReFLEX Orkney,
many of which are still relevant to the context of the Western Isles and Shetland.

Consult local wind farms to establish if better generation data can be provided, or
better wind resource data from instrumentation can be provided. Determine a better
approximation for wind farm parameterization in Smart IT Platform.

16.4  Requlatory activities

Regularity activities are practically the same as for Orkney. Reprinted below.

e Review electrical connection regulations such as G99, G83 and speak with SSEN
Distribution to understand if there is scope for variability in these to better allow
demand-response, particularly around batteries. It is worth noting that this might not
be possible until after the installation of the various export links and reinforcement of
local grid pinch points.

e Assess the impact of the connection regulations for batteries on the economic viability
of battery systems for domestic installation to better optimize energy use and be as
cost-effective as possible.

e Assess incentives needed for the adoption of renewable technologies. Previously EV
incentives and incentives around home energy efficiency have been seen to increase
adoption speed. These may need to be revisited and consultation with both Scottish
and wider UK government might need to take place. At the very least an assessment
of the schemes currently in place so that a cost-effective ISLANDER proposition can be
established will be necessary.

e Review the state-of-the-art in hydrogen storage and consider any new innovations
which may help adoption. Hydrogen may need to be descoped from the ISLANDER
proposition. There may be opportunity to integrate with existing deployments of
hydrogen technology, for example, the combined heat and power (CHP) infrastructure
at Kirkwall Airport.

e Consider how the energy industry handles assets from a funding and amortization
point of view outside of the scope of a 2-year energy supplier contract for domestic
installation. In particular, the metering industry uses Metering Asset Provider
organisations to do this. This would be similar to how EV leases work. ReFLEX Orkney
will have information to share in this area.

e Consider the evolution of “Local Energy Markets”. It may be necessary to consult the
government on this issue.
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e Reviewregulationsaround access to the UK Intraday market to evaluate forintegration
with the Ayesa demand-response tool.

16.5 Tool updates

e Update Smart IT Platform to cope with more than a single case of each type — this
would allow more granular predictions to be made and make it easier to represent
complex energy ecosystems in the tool.

e Consider liaising with SSEN early in the process to guide the expected development of
ANMs in both the Western Isles and Shetland to integrate with Smart IT Platform.

e Contact SSEN to discuss the ANM system, if found to be viable after discussions with
SSEN. This particularly relates to domestic battery installations, which may need
modifications to their connection to allow this.

e If battery system control is possible, it will need to be trialled.

e ConsultSICand CnE roads to establish whether street lighting can be controlled by the
demand-response system. If so, gain agreement and modify the demand-response
system to do this. It may be necessary to trial this in summer months, when street
lighting is relied upon less.

e Update the demand-response system to take any differing inputs and integrate with
any systems found to be viable.

o Intraday market forecasts and data.
o Met forecasts and generation signals.
o Heatand hydrogen network control.

16.6 Implementation

During implementation, build any modifications needed to the demand response system, the
Grid Pilot tool and any hardware or software integrations needed.

Itis also helpful to review the system for efficiencies, as the Borkum implementation may need
to be adjusted to make sense for Shetland and the Western Isles.

A test/acceptance cycle will be required. There may need to be staged deliveries for each
subsequently modified feature.

Post-implementation, it is likely that there will need to be adjustments made. The system
should be monitored, such that anomalous system behaviour can be rectified and
improvements made.

16.7 Community Engagement

e Prepare and document the ISLANDER proposition for Shetland and the Western Isles.
e Socialise this with:
o Shetland: SIC, SNZ, ICNZ and local consultancies such as Voar.

o Western Isles: CnE, ICNZ, OHCPP, Climate Hebrides and Community Power
Outer Hebrides.

e Prepare launch workshops/events to publicise and gain consensus agreement from
stakeholders to the actual ISLANDER plan.

e Prepare and run education events for the public to be aware of ISLANDER, and update
on progress. Consult stakeholders for the best forum in which to do this.
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