
Carbon Free Future (CFF)
A State-Owned National Wealth Engine: The Definitive 2055 Blueprint.

The "Grand Slam" Pitch:

"CFF isn't just a power project; it's a National Wealth Engine. By funding this through the state, we cut out foreign

middlemen and private dividends. We use the by-products to run our NHS and grit our roads for free, and we use

the massive earnings to set a fixed, low-cost UK price for energy. We aren't just building reactors; we're building a

future where the UK is the cheapest, cleanest place in the world to live and do business."

Executive Summary (For Busy People)

What CFF is: A network of 28 coastal mega-sites across all four nations of the UK, each with seven small modular

reactors (SMRs), large electrolysers, desalination, and industrial facilities. Together, they form a new backbone for a

hydrogen-based, fossil-free United Kingdom.

State-Owned Mission: Built by the state, for the people. Funded via 50-year National Mission Bonds to ensure 100% UK

sovereignty and zero economic leakage.

Main product: Hydrogen at truly industrial scale, made from clean nuclear power. Electricity to the grid is important, but

hydrogen is the primary output, used for heating, transport, industry and fuels.

The Public Dividend: High-purity oxygen is provided free to the NHS; concentrated brine is provided free to Councils

and communities within 10 miles for winter roads; desalinated water can support drought resilience. Only surplus by-

products are sold to industry to subsidise energy costs.

Fixed-Price Prosperity: The state sets a "British Standard Price" for electricity and hydrogen, decoupling the UK

economy from volatile global gas markets forever.

Dynamic Grid "Safe-Flex" Support: In normal times, most SMR output runs electrolysers. In grid emergencies,

electrolysers are ramped down to a safe minimum (around 50% load) and up to ~40 GW of nuclear power is diverted to

the grid, without shutting down or damaging the PEM assets.

UK Jobs: A "Skills Passport" transitions 100,000+ North Sea workers into high-wage, long-term roles in the CFF fleet.

Strategic Water Reserve: Each site includes a dedicated "Unit 8" Desalination Train solely for national water security,

capable of supplying millions of people and de-risking UK agriculture during droughts.

1. What CFF Is, In Plain English

Carbon Free Future (CFF) is a plan to rebuild the United Kingdom's energy system around a new kind of coastal

infrastructure. Instead of a handful of giant nuclear plants and a patchwork of gas stations, the country would build a fleet

of 28 identical coastal hubs across England, Scotland, Wales, and Northern Ireland. Each hub combines small modular

reactors (SMRs), large-scale electrolysers, desalination, hydrogen processing and industrial facilities. Together, these hubs

provide the backbone for a hydrogen-based, fossil-free United Kingdom.

CFF is a National Utility. It treats energy and water as foundations for the economy, not just commodities to be traded. By

owning the means of production, the UK state can guarantee energy and water security and price stability for generations.

Key facts in one place

28 coastal mega-sites around the UK, across 6 Energy Zones.

Each site has 7 × 470 MWe SMRs, roughly 3.3 GWe per site.

Full build-out gives around 92.1 GWe of nuclear capacity from CFF alone.

Most of that power runs electrolysers to make hydrogen. A smaller portion goes straight to the grid.

Hydrogen is then used to heat homes, run industry, power heavy transport, and make synthetic fuels.

In grid emergencies, each site can quickly divert a large share of its output away from hydrogen and back into the

grid while keeping electrolysers at a safe minimum operating load.



2. How a Single CFF Site Works

Think of one CFF site as a "sea-to-street" factory. It takes in seawater and uranium fuel. It sends out hydrogen, oxygen,

desalinated water, critical minerals, and, when needed, electricity.

2.1 The core components

Seven SMRs produce steady, low-carbon electricity day and night.

Desalination units take in seawater and produce high-purity water.

Ultra-pure water polishing brings that water up to PEM standard, suitable for large electrolysers.

Electrolysers split water into hydrogen and oxygen.

Hydrogen processing compresses, liquefies or converts hydrogen into ammonia or synthetic fuels.

Export infrastructure sends hydrogen and products out by pipeline, ship, rail and road.

Grid connection allows part of the nuclear output to go directly into the electricity system.

2.2 The 3-mile separation ring

Each site is laid out with a deliberate buffer: a three-mile ring between the nuclear island and the hydrogen-processing area.

The reactors sit in a secure inner zone; hydrogen production, storage and loading happen in an outer industrial zone. This

keeps hazardous inventories physically separated from the reactors and gives regulators and the public a clear, conservative

safety case.

3. More Than Just Power: The Public Dividend

CFF is often described as a nuclear programme, but that understates what it is trying to do. It is really a national industrial

strategy wrapped around clean energy and water. Each coastal hub is designed to support a whole ecosystem of industries,

with multiple revenue streams and public dividends.

3.1 Hydrogen as the main product

The primary output of a CFF site is hydrogen. At full scale, a single mega-site can produce well over a thousand tonnes of

hydrogen a day. Across all 28 sites, output reaches 39,200 tonnes per day — enough to decarbonise large parts of heat,

transport and industry.

3.2 Public Dividend: Oxygen for the NHS

Electrolysis always produces oxygen alongside hydrogen. At CFF scales, this oxygen is produced in huge volumes —

28,000 tonnes per day across the fleet. In a state-owned model, this is treated as a public asset.

First call: The NHS. Hospitals and clinics receive high-purity oxygen at zero cost, removing a major procurement burden

from the health service.

Second call: Only surplus oxygen is sold to industrial users (steelmaking, glass production, aquaculture) to generate

revenue.

3.3 Public Dividend: Brine for Winter Roads

Desalination produces high-purity water for electrolysers and leaves behind concentrated brine.

First call: Councils & communities within 10 miles. Brine is processed into road-salt and provided free of charge to keep

the UK moving in winter. De-icer is free to every council and community within a 10-mile radius of a CFF site.

Second call: Only surplus brine feeds into recovery processes for lithium, magnesium and other minerals for commercial

sale.

4. National Water Security & The Strategic Water Reserve (SWR)

CFF as a Strategic Water Utility

Because CFF sites must never run short of process water, their desalination plants are built with significant over-

capacity. In normal operation, this is simply redundancy. In a drought, it becomes a strategic water reserve for the

nation.



4.1 The "Unit 8" Desalination Train

Each CFF site includes a dedicated "Unit 8" Desalination Train. This unit is not tied to the hydrogen production process; it is

a standby asset designed solely for national water supply.

Capacity: Each Unit 8 can produce 50,000 m³/day of fresh water.

National Impact: Across 28 sites, this provides 1.4 million cubic metres of water per day — enough for 9 to 11 million

people.

Energy Efficiency: Running this unit requires less than 0.3% of the site's total SMR power (approx. 10 MW out of 3,300

MW).

4.2 The "Water-for-Food" Security

By having a dedicated unit that isn't tied to the hydrogen process, the government can use CFF to de-risk UK agriculture. In

a dry spring, Unit 8 is activated, pumping water into a dedicated "Agricultural Spine" pipeline, effectively de-coupling food

production from rainfall.

4.3 The Emergency Water Pivot

Just as CFF can pivot from hydrogen to electricity in a grid emergency, it can pivot from hydrogen to water in a drought

emergency. In "Water Priority" mode, the government can order electrolysis to be ramped down, diverting the primary

desalinated flow into the potable water system.

4.4 Ultra-Pure Water for High-Value Agriculture

PEM electrolysers require ultra-pure water. That same water, once re-mineralised, is ideal for vertical farms and greenhouses

co-located at CFF sites, using waste heat from the SMRs to produce high-value crops.



5. The Funding & Wealth Model

The National Mission Bond

The project is funded by 50-year Sovereign CFF Bonds. Because the state is the owner and the primary customer, the

risk is minimal. This allows the UK to borrow at the lowest possible rates, cutting out the 10–15% "private equity tax"

seen in traditional projects.

5.1 Sovereign Funding Streams

The £225 billion programme is funded through five sovereign streams, ensuring 100% UK ownership with zero foreign or

private equity involvement:

CFF Infrastructure Bonds (£90–100bn): 50-year sovereign bonds at gilt rates, backed by CFF revenue.

UK Public Pension Fund Allocation (£60–70bn): Guaranteed-return infrastructure allocation from LGPS and similar

funds.

People's Energy Bonds via NS&I (£25–30bn): Premium-bond-style retail instruments, giving citizens a direct stake.

Fossil Fuel Import Savings Recycling (£15–20bn/yr): As each site comes online, it displaces £15–20bn/year of fossil fuel

imports — this saving is recycled directly into construction of the next tranche.

Bank of England Green Infrastructure Facility (£20–30bn): Concessional lending facility for green sovereign

infrastructure.

5.2 The "British Standard Price"

Because the state owns the infrastructure, it can set the price of energy based on the cost of production, not global market

speculation.

Social Tariff: Guaranteed low-cost hydrogen for home heating to end fuel poverty.

Industrial Tariff: Fixed, 20-year energy prices to attract global manufacturing back to the UK.

5.3 Energy Pricing — "Cost + 5%"

Once capital debt is retired, energy is sold at production cost plus a 5% reinvestment margin:

Electricity: 5–7p/kWh (vs. current UK ~28p/kWh)

Home heating (H₂): 3–4.5p/kWh equivalent (vs. current gas ~7p/kWh)

Vehicle fuel (H₂): £3.50–£4.50/kg (£6–7.5p/mile vs. current petrol ~15p/mile)

Typical household combined saving: £1,100–£1,400 per year.

5.4 The "Quadruple Dividend" Economics

The Energy Dividend: Selling energy at "Cost + 5%" once debt is serviced.

The Industrial Dividend: Revenue from surplus by-products (Oxygen, Lithium, Magnesium) — after free provisions to

NHS and councils.

The Treasury Dividend: Billions saved in NHS/Council procurement and billions gained in tax from a high-wage

domestic workforce.

The Water Dividend: Avoided costs from drought damage, crop failures and water trucking.

5.5 Self-Funding Arithmetic

Payback period: 10–13 years from first site operational, driven by £15–20bn/year in displaced fossil fuel imports. By 2039–

2041, annual savings and revenue exceed annual build costs, and the programme becomes self-sustaining.

6. How CFF Helps the Grid ("Safe-Flex" Operation)

The key difference between CFF and a conventional nuclear plant is how it connects to the electricity grid. CFF sites keep

the reactors steady at 100% output and flex the load beneath them, using the electrolysers as a controllable sink.

6.1 Electrolysers as a controllable but protected load



PEM electrolysers are high-performance assets that should not be repeatedly shut down to zero. Instead, CFF operates

them with a Minimum Stable Load — typically around 50% of rated capacity. This protects membranes and stack life while

still providing huge flexibility.

6.2 National "Safe-Flex" Capacity

Total SMR nuclear capacity: ~92.1 GW across 28 sites.

Safe-Flex diversion: Up to ~50% of the fleet's electrical output can be redirected from hydrogen to the grid without

shutting electrolysers down.

Practical emergency injection: Around 40 GW of firm, clean power, available on short timescales.

This is roughly equivalent to the entire peak demand of the UK on a typical winter's day. In effect, CFF gives the government

a "grid Swiss Army Knife" that can stabilise frequency and cover demand spikes.

6.3 Continuous Hydrogen & By-Product Flows in Emergencies

Even in maximum grid-support mode:

Hydrogen production continues at around 50% of normal output.

Oxygen and brine flows continue, so hospitals and councils still receive their free public-dividend supplies.

Desalination and SWR remain online.



7. Why Seven SMRs Per Site Instead of One Huge Reactor

Choosing seven small reactors per site is about resilience, speed and economics.

Resilience and N+1 security: Losing one unit only reduces output by 14%. The site stays online.

The fleet effect: Building 196 identical units allows UK factories to perfect the process, driving down costs by up to

47% over the rollout.

Speed: Staggered commissioning means the first SMR generates revenue while others are still being installed.

8. Why UK Kit and UK Workers

The aim is to keep value in the domestic economy. If the UK builds SMR modules, electrolysers, and valves at home, the

money supports UK factories and wages. The "Skills Passport" transitions 100,000+ North Sea workers into these high-

wage roles, ensuring a "Just Transition." CFF becomes not only an energy strategy but a full industrial and employment

strategy.

9. A Hydrogen-Heavy Future: 2055 Without Fossil Fuels

By 2055, the UK has transitioned to a hydrogen-first economy:

About 70% of space and water heating is provided by hydrogen boilers.

About 20% of heating is supplied by electric heat pumps (ASHPs).

70% of cars and vans use hydrogen fuel cells; the remaining 30% are battery electric.

Heavy transport — HGVs, rail where not electrified, most shipping — is powered by hydrogen or hydrogen-derived fuels.

Most high-temperature industrial heat and many chemical feedstocks come from hydrogen, not fossil gas or coal.

10. Risks and Challenges: What Could Go Wrong?

Supply Chain Bottlenecks: Building 196 SMRs requires a massive scale-up of UK manufacturing. If the supply chain

cannot keep pace, costs will spiral and timelines will slip.

Regulatory Approval: The "fleet" approach relies on Generic Design Assessment (GDA). Any major design changes

required by regulators mid-program would break the modular economic model.

Public Acceptance: While coastal sites are remote, the sheer number of sites (28) and the associated hydrogen and

water pipelines require a strong national consensus and local community buy-in. The Heat Halo policy turns NIMBYs into

advocates.

Skills Gap: Transitioning 100,000+ workers from oil and gas requires flawless execution of the "Skills Passport"

programme.

Technological Maturity: While the components (SMRs, PEM electrolysers, SWRO desalination) exist, integrating them at

this unprecedented scale has never been done.

Political Continuity: A 25-year build-out requires cross-party support that survives multiple election cycles.

11. The 6 Energy Zones

The 28 sites are distributed across 6 Energy Zones, ensuring balanced coverage of all four UK nations:

Energy Zone Sites Focus

Northern Powerhouse 6 Industrial decarbonisation, heavy manufacturing

Scottish Hub 5 Oil & gas transition, marine/shipping

Western Gateway 5 South Wales industry, Irish Sea connections

Southern Shield 5 London & SE demand, Channel resilience

Eastern Spine 4 Agriculture, North Sea wind integration

Northern Ireland Hub 3 Belfast Lough/Larne Coast — Agri-food, cross-border energy bridge, pharmaceuticals

Total 28 196 SMRs · 92.1 GW · 39,200 t/day H₂



12. Pathfinder Programme (Phase 1 — 2025–2033)

The programme begins with 6 Pathfinder sites (one per Energy Zone), each starting with 1 SMR (470 MWe) to prove the

technology before scaling modularly:

Phase 1 (2025–2033): 6 sites, 6 initial SMRs, 2.8 GW, 1,200 t/day H₂. Proves concept, activates supply chain.

Phase 2 (2033–2042): Scale to 17 sites, modular expansion. ~50 GW capacity.

Phase 3 (2042–2055): All 28 sites fully operational. 196 SMRs. 92.1 GW. 39,200 t/day H₂. Full energy independence.



Appendix: 2055 Capacity and Energy Numbers (Illustrative)

A1 — Installed Capacity by Technology (2055)

Source / Technology Capacity (GW) Notes

CFF SMR Nuclear (28 sites, 7 SMRs each) 92.1 Coastal mega-sites; main hydrogen and firm power backbone

Other Nuclear (Hinkley, Sizewell, etc.) 10 Large reactors feeding directly into the grid

Offshore Wind 80 North Sea and Irish Sea; high capacity factor

Onshore Wind 20 Planning-reformed onshore programme

Solar PV 50 Mostly rooftops with some utility-scale

Hydro + Tidal + Other Renewables 5 Includes some tidal stream and lagoons

A2 — Annual Electricity Output (Before Conversion)

Source Annual Output (TWh/year) Comment

CFF SMR Nuclear 2,200 Majority routed to electrolysers, remainder to grid

Other Nuclear 100 Grid-focused baseload

Offshore Wind 220 Variable, but high utilisation

Onshore Wind 40 Typical UK onshore capacity factors

Solar PV 40 UK solar resource; strong summer contribution

Hydro + Tidal + Other 10 Small but predictable contribution

Net Imports (Interconnectors) 10 Net position after exports and imports

A3 — How CFF Power Is Used

Flow
Electricity In

(TWh/year)

Output

(TWh/year)
Notes

CFF → Electrolysers

(Hydrogen route)
1,650 1,155 H₂ ~70% efficiency from electricity to hydrogen (LHV)

CFF → Grid (Direct electricity) 550 550
Firm, dispatchable power; can be temporarily

increased under Safe-Flex

A4 — Hydrogen Production and Use (From CFF Only)

Hydrogen Use H₂ Energy (TWh/year) Share

Residential & Commercial Heat (H₂ Boilers) 275 ~24%

Industrial Heat & Feedstock 245 ~21%

Light Road Transport — FCEVs 90 ~8%

Heavy Road Transport — HGVs 130 ~11%

Rail (Non-electrified) 12 ~1%

Shipping & Maritime Fuels 165 ~14%

Aviation Synthetic Fuels 90 ~8%

Hydrogen-to-Power (Peaking / Backup) 55 ~5%

Exports / Chemicals / Fertilisers 40 ~3%

System Losses (Compression, Distribution) 53 ~5%

Total 1,155 100%



Carbon Free Future (CFF) 2055 Blueprint — 28 Sites · 196 SMRs · 92.1 GW · 6 Energy Zones · 39,200 t/day H₂
Built by the State. Owned by the People. By the people, for the people.


