
Argyll & Bute Master Roadmap
Comprehensive Infrastructure Strategy for Rural & Island Viability

TECHNICAL REPORT

6,900km²
LAND AREA (9% SCOT)

23
INHABITED ISLANDS

35%+
FUEL POVERTY RATE

60%+
OFF MAINS GAS GRID

1. EXECUTIVE SUMMARY & REGIONAL CONTEXT

Argyll & Bute encompasses 6,900 square kilometers of mountainous terrain, deeply indented sea lochs,

and twenty-three inhabited islands. With a population under 86,000 dispersed across fragile settlements,

delivering reliable basic utility infrastructure presents unique logistical and financial challenges. The

region experiences extreme North Atlantic storm systems that frequently disrupt ferry transport, sever

overhead electricity feeds, and damage subsea cables.

This comprehensive roadmap addresses the compounding vulnerabilities of energy isolation, fuel poverty,

and digital exclusion. Long-term viability depends on deploying an integrated tri-pillar strategy combining

grid hardening, domestic energy retrofits, and satellite digital backhauls.

TRI-PILLAR RURAL SUSTAINABILITY FRAMEWORK

I. Grid Network

Microgrids & Storage

II. Smart Homes

Heat Pumps & Solar

III. LEO Satellite

Low-Latency Data

2. REGIONAL & GRID ELECTRICAL INFRASTRUCTURE ANALYSIS

The regional grid, managed by Scottish & Southern Electricity Networks (SSEN), operates under severe

structural constraints. Much of the high-voltage (HV) and medium-voltage (MV) distribution relies on

overhead single-circuit radial spans traversing exposed highland passes. Salt spray deposition, icing, and

falling trees cause frequent winter tripping, while subsea island feeds face multi-month lead times if

damaged by maritime trawlers or anchor drags.
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2. GRID INFRASTRUCTURE MODERNIZATION (CONT.)

Network capacity at Primary Substations and Grid Supply Points (GSPs) near Oban, Dunoon, and

Lochgilphead is heavily constrained. These thermal and voltage limits prevent significant additions of

export-oriented commercial wind generation and restrict the rapid adoption of high-draw domestic loads,

such as heat pumps and 7kW+ EV chargers.

Engineering Priority: Islanded Microgrids

Islands such as Coll, Tiree, and Islay require full islanding capability. When a main subsea or overland supply cable

fails, local automatic transfer switches must transition island networks to local wind, hydro, and BESS reserves within

milliseconds to prevent widespread blackouts.

Distribution System Upgrades

Undergrounding Vulnerable Corridors:

Replacing exposed 11kV/33kV overhead

lines with subterranean cabling through high-

risk forestry zones.

Automated Reclosers & FLISR: Deploying

Fault Location, Isolation, and Service

Restoration automation to isolate damaged

line segments instantly.

Subsea Feed Redundancy: Replacing single

radial subsea cables with looped dual-path

configurations to secure island power feeds.

Community Energy & Storage

Utility-Scale BESS: Installing multi-MW grid-

scale batteries at critical network nodes to

absorb local renewable surges and provide

frequency response.

Community-Owned Generation: Facilitating

development trusts to construct local hydro

and wind assets connected via private wire

networks.

Dynamic Constraint Management:

Implementing smart active network

management (ANM) to optimize export flows

without tripping substations.

3. PILLAR II: HOME ELECTRICAL & ENERGY MODERNIZATION

Argyll & Bute has one of the highest rates of fuel poverty in Scotland (>35%), driven by an aging housing

stock and complete isolation from the national gas grid. Over 60% of homes rely on expensive heating oil,

LPG, or inefficient electric night-storage heaters.
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3. HOME ENERGY ARCHITECTURE MODERNIZATION

Upgrading residential properties requires a holistic approach that pairs deep thermal envelope retrofitting

with electrical consumer unit modernization, rooftop micro-generation, and intelligent energy

management systems (EMS).

INTEGRATED DOMESTIC ENERGY ARCHITECTURE

Rooftop Solar PV

Heat Pump

BESS
EMS

EV (V2G/V2L)

Overcoming Housing Retrofit Barriers

A significant portion of properties in Argyll & Bute are pre-1919 traditional stone cottages with high

thermal transmittance. Traditional heat pump installations can underperform without prior fabric-first

insulation upgrades. Solutions include deploying high-temperature heat pumps, installing internal/external

wall insulation, and utilizing dynamic thermal buffer tanks.

Furthermore, many homes operate on legacy 60A single-phase feeds with unmetered loop supplies.

Upgrading consumer units to 100A service entries is a prerequisite for supporting solar PV, domestic

battery storage, heat pumps, and vehicle chargers simultaneously.



Argyll & Bute Infrastructure Roadmap Page 3 of 6

4. PILLAR III: SATELLITE-BASED INTERNET & CONNECTIVITY

Topographical obstacles—including steep mountain ridges, deep glens, and dense pine forests—severely

impede line-of-sight microwave backhaul and terrestrial cellular propagation. Subsea and subterranean

fiber deployments to isolated hamlets carry exorbitant per-premise costs, frequently exceeding £10,000 to

£25,000 per connection.

HYBRID LEO SATELLITE & TERRESTRIAL CONNECTIVITY

LEO Constellation

Terrestrial 4G/5G

SD-WAN
Bonded Router

Tele-Health Remote Work Smart Aquaculture

Deploying Low Earth Orbit (LEO) Broadband

Low Earth Orbit constellations (e.g., Starlink, Eutelsat OneWeb) operate at altitudes between 500km and

1,200km, providing latencies below 40ms and download speeds of 100–250Mbps. This eliminates line-of-

sight constraints and provides immediate high-speed connectivity to the most isolated properties.

To guarantee operational uptime, critical locations utilize Software-Defined Wide Area Network (SD-WAN)

routers that bond LEO satellite terminals with fringe terrestrial 4G/5G signals, providing seamless failover

during severe storm atmospheric dampening.
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5. DETAILED SOCIO-ECONOMIC IMPACT ASSESSMENT

Upgrading Argyll & Bute's infrastructure directly mitigates regional depopulation, unlocks economic

capacity in key export sectors, and lowers public expenditure on emergency services.

Impact on Residents & Households

Eradication of Fuel Poverty: Integrating heat

pumps, solar PV, and domestic batteries

reduces household heating bills by up to

55%.

Severe Weather Lifelines: Battery storage

and satellite links keep homes heated and

connected during prolonged winter grid

outages.

Tele-Health Access: Low-latency broadband

enables remote health monitoring and virtual

consultations, reducing non-emergency

travel to regional hospitals.

Impact on Enterprise & Industry

Distilleries & Decarbonisation: High-capacity

grid connections allow historic whisky

distilleries to switch from heavy fuel oil to

zero-carbon electric boilers.

Aquaculture Modernization: Off-grid salmon

feeding barges utilize hybrid

solar/battery/satellite systems, reducing

diesel consumption by 70%.

Season Extension in Tourism: Fast EV

charging networks and reliable digital

connectivity allow hospitality businesses to

operate year-round.

6. POLICY & REGULATORY RECOMMENDATIONS

Realizing this roadmap requires regulatory adjustments by Ofgem and the Scottish Government to

accelerate capital deployment in sparse rural areas:

Anticipatory Grid Investment: Allow DNOs to invest in substation upgrades ahead of demand, rather

than waiting for formal connection applications.

Unified Energy Grant Framework: Combine Home Energy Scotland insulation, heating, and micro-

generation grants into a single streamlined application.

Satellite Hardware Subsidies: Provide voucher schemes for LEO terminal hardware in verified non-fiber

geographic zones.
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7. IMPLEMENTATION ROADMAP MATRIX (2026–2036)

A phased 10-year implementation schedule to ensure orderly infrastructure capital investment across

Argyll & Bute.

Domain Short-Term (1–2 Yrs) Medium-Term (3–5 Yrs) Long-Term (5–10 Yrs)

Policy &

Funding

Streamline Home Energy Scotland

grants; establish Argyll Infrastructure

Taskforce.

Introduce localized grid capacity policy

adjustments; secure PPP capital

funds.

Establish self-sustaining regional

community energy investment

fund.

Grid Network Deploy priority BESS units in Oban &

Dunoon; underground high-risk

overhead MV spans.

Modernize subsea interconnections;

deploy automated ring-main protection

systems.

Complete full grid capacity

expansion across all inhabited

islands and glens.

Home

Energy

Launch targeted electrical audit

campaigns; subsidize 100A

consumer unit upgrades.

Roll out hybrid heat pumps, solar PV,

and domestic batteries to fuel-poor

homes.

Achieve fully decarbonized

domestic heating stock with

integrated V2G networks.

Digital

Network

Subsidize LEO satellite terminals for

remote off-grid properties and

emergency hubs.

Build hybrid LEO-cellular bonded

networks across all key transport

corridors.

Achieve universal high-speed

digital redundancy across all

islands and glens.

Community Construct satellite-backed resilience

hubs in key village centers.

Retrofit municipal properties; establish

community energy trusts across sub-

regions.

Integrate autonomous smart grid,

IoT, and tele-health frameworks

region-wide.

8. STRATEGIC CONCLUSION

Sustaining rural life in Argyll & Bute requires treating grid modernizations, housing retrofits, and digital

connectivity as a single interconnected ecosystem. Executing this 10-year roadmap mitigates geographic

vulnerabilities, transforms fuel poverty into localized energy security, and establishes the region as an

exemplar for resilient, low-carbon rural communities worldwide.

Argyll & Bute Infrastructure Taskforce | Strategic Delivery Framework 2026–2036
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