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1. Electrolysis of Water
2. Thermochemical
3. Photochemical
4. Biochemical
5. Photosynthesis

Alkaline

Polymer
Electrolyte 
Membrane(PEM)

Anion exchange Solid Oxide

<5000 hours 
life span

stack capital 
cost that 
exceeds 
£1500/kWe

stack cost of 
£200/kWe 

stack cost of 
£300/kWe

The total cost including balance of plant is 
closer to £700-£1000/kWe including rectifiers, 
H2 purification, water supply and purification 
and cooling. 

Unlikely to be 
commercially viable at this 
time

O2 H2

H2O
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• Annual production of Iridium & Platinum only able to support 3-7.5GW of electrolyser production annually [4]. 
• Using significant amounts of these materials to scale up production goes against the government mandate to reduce 

scarce material utilisation.
• Most electrolysis units are manufactured at around 1MW, however, there are plans for a 20MW trial unit.
• Other methods are at trial stage and not close to commercialisation

Element Approx. Global
abundance mg/L [1]

Cost $/g [2] CO2 used in extraction
[3]

Platinum 0.005 $27 12,500kg CO2e/kg
Iridium 0.001 $196 8,860kg CO2e/kg
Lead 14 $0.002 1.3kg CO2e/kg
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Lead acid battery technology 
allows the cell to charge and 
discharge as a battery 

Electrolysis occurs when the 
cell is over charged – splitting 
water from the electrolyte into 
H2 and O2 gas.

Hydrogen gas is collected at the 
negative electrode as a method 
of chemical energy storage 
during excess renewable 
energy production

Renewable energy is stored 
either as electrical energy in 
the battery or chemical energy 
as hydrogen gas

H2

O2
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Energy Storage device Battery Round Trip
Efficiency

Hydrogen 
production 
efficiency

Battery 80% -

Electrolyser - 80%

Battery electrolyser 80% 62%

Battery Min-Max cost range (£k/MW for 1hr storage)

Capex cost
Lithium Ion (encompassing NMC, LFP and LTO) £147k - £697k

Lead Acid £98.4k - £238k

Opex cost (pa) £8k-£10.3k

Electrolyser Min-Max cost range (£k/MW for 1hr storage)

Capex cost
Electrolyser (encompassing Alkaline and PEM) £410k - £1476k

BOP £80k - £362k
Opex cost (pa including stack replacement x2) £93k-£104k

Battery electrolyser Min-Max cost range (£k/MW for 1hr storage)

Capex cost
Lead acid battolyser (battery part) £98.4k - £238k

Capex cost
Lead acid battolyser (hydrogen part) £80k - £362k

Opex cost (pa) £8.4k-£18k

Comparison of :

• Battery
• Electrolyser
• Battolyser

Using published data 
on a curtailed 1GW 
wind farm

Cost range: 
180-550K

Cost range: 
500-1800K

Cost range: 
100-700K
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There is currently no low-cost electrolyser on the market that works with poor load factor such as renewable generation

In the UK, from January 2021 to April 2023, £1.5 billion was invested to curtail over 6.5 TWh of wind power, 
resulting in 2.5 million tonnes of CO2 emissions1

https://reports.electricinsights.co.uk/q4-2020/record-wind-output-and-curtailment/
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There is currently no low-cost electrolyser on the market that works with poor load factor such as renewable generation

In Africa, about 1 billion people rely on polluting 
fuels, like wood, charcoal and kerosene for 
cooking, lighting and heating.  

This causes around 700,000 premature deaths 
yearly—10% of total mortality in the region.

https://www.nihr.ac.uk/case-studies/clean-air-africa (accessed 30 December 2023)
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LoCEL –H2 Project 
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O2

Two pilot programs, one located in Zambia and the other in the Ivory Coast.
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LoCEL –H2 Project 
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January March July September 

Laboratory set-up

• New laboratory set up.

• Installation of fume hoods, sockets, power 
supply and load banks. 

• Three full scale cells now in operation.

• Multiple cell testing with automated operation 
and gas measurement.
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Cell design and manufacture

• Scaled up small pre-Locel-H2 test cells.

• Three full scale cells now in operation.

• Electrolyte composition including additive 
composition determined.

• Manufacturing process optimised.

Apr 2022 Aug 2022 Aug 2022 May 2023 Sept 2023  Next steps 
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LID DESIGN
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Negative electrode Positive electrode Terminal

labyrinth and weld Idealised weld Welding rig
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GC analysis of hydrogenGC analysis of oxygen 

-2000.000

0.000

2000.000

4000.000

6000.000

8000.000

10000.000

12000.000

14000.000

16000.000

0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500

V
o

lt
ag

e
[m

V
]

Time
[min] -2000.000

0.000

2000.000

4000.000

6000.000

8000.000

10000.000

12000.000

14000.000

16000.000

0.000 1.000 2.000 3.000 4.000 5.000 6.000

V
o

lt
ag

e
[m

V
]

Time
[min]

O2

H2

GC analysis– with gas separation
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Carrier gas He – O2 and H2 present O2

H2

GC analysis of Hoppecke battery – without gas 
separation
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• Three full scale cells now in operation under different operating regimes.

• Automated cell cycling and data collection.

• No degradation yet recorded.

Cell 3 capacity discharge test Cell 3 electrolysis testCell 1 cycling
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Durability and performance testing
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• C/24 2.55 A slow charge and discharge - 136.10 Wh (61.41 Ah) OCV every 30 mins.

Cell 001 – Operated as a battery
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Co-funded by the 
European Union
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Electrolysis of cell 003 
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Electrolysis PSOC testing – 2.9 V starting at 50 % SOC
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Electrolysis PSOC testing – 2.9 V starting at 50 % SOC
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3 weeks of testing

Testing of Nickel sulphate, Cobalt sulphate, Iron sulphate and Manganese sulphate and 

antimony sulphate 1-500 ppm 
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Testing of Nickel sulphate, Cobalt sulphate, Iron sulphate and Manganese sulphate and 

antimony sulphate 1-500 ppm 

1. below 1 ppm for tellurium, antimony, arsenic, cobalt, and nickel; 
2. 2. below 3 ppm for manganese; 
3. 3. below 160 ppm for iron; 
4. 4. below 500 ppm for aluminum, bismuth, cerium, chromium, copper, molybdenum, silver, and vanadium; 
5. 5. below 5000 ppm for barium, cadmium, calcium, chlorine, lithium, mercury, phosphorus, tin, and zinc.

Reference: J.R. Pierson, C.E. Weinlein, C.E. Wright, in: D.H. Collins (Ed.), Power Sources 5, Academic Press, London, UK, 1975, p. 97
 

Visit to West Groton – H&V
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Design of Experiments (DOE) – testing mixtures of the additives to determine any 

combination effects using Simplex Centroid Design.

Total of 100 ppm e.g 66.7ppm Ni 16.7ppm Sb 16.67ppm Co
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H2 evolution
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Manufacture of cell 004 – ABS separator and springs
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NEXT STEPS
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H2 O2

H2 O2

H2 O2

H2 O2

H2 O2

H2 O2
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Manufacture of next 22 cells
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Component Parts made Parts remaining

Plates soldered to 
terminals

44 0

lids 22 0

separators 14 30

Impaction separators 44 0

H&V separators 22 0

H&V AGM 22 0

Floats 2 42

Water fill 4 18

Logo and terminal ID 22 0

Pressure clips 28 412
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Future plans

Add your event or project title here or delete this strap
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Arrival of the two 20ft containers
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Meet the team

Professor Dani Strickland

Professor of Electrical Power 

Engineering

Dr Jonathan Wilson

Lecturer in Systems and 

Mechanical Engineering

Dr John Barton

Senior Research Associate 

Dr Elizabeth Ashton

Senior Research Associate 

Matthew Brenton

PhD Researcher
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Multidisciplinary approach

Fundamental 
Science

Storage Distribution

Production Economics

Usage

Policy

Safety
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Conclusions

1 2 3 4

Battery technology

• Battery technology: Using lead acid battery technology 

we have successfully develop a combined battery and 

electrolyser.

• Green H2: excess renewable energy can be used to 

generate water via electrolysis when over charging the 

battery cell.

• Manufacture: We have developed the combine battery 

and electrolyser cell design from lab scale to full scale, 

using off the shelf and bespoke 3D printed parts.

• Pilot scale: We are now in the process of manufacturing 

the next 22 cells for testing, before deploying 168 cells in 

Zambia and the Ivory Coast.

Green H2  

 

Pilot scale Manufacture 

H2
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Co-funded by the European Union

Co-funded by the 
European Union

Thank you
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