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The RACE is ON…..

ABSTRACT

• Significant reduction of carbon footprint is everyone’s responsibility

• Green Hydrogen - one of the few, most sustainable choices for the future energy 
market, energy vector and fuel for transportation, industry and other applications

• Green Hydrogen generation - relatively NEW to the insurance industry

• Research and Development (R&D) is continuing as new questions arisen

• Overview of Green Hydrogen - to understand and embrace the new technology

• Industry needs support in decarbonization risk management

• Insurance companies- to digest more on new technology to aid stakeholders’ 
decision-making process and help protect better future
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DECARBONIZATION

• Race in development

• Applicability

• Insurance involvement
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Reduction of fossil fuel 

power to gas strategies

renewable energy strategies

nuclear energy strategies

hydroelectric power stations

carbon capture and storage

H2 only option
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SOURCES OF H2

• Hydrogen - a prominent place in decarbonization plans 

by utilities worldwide

• Hydrogen - chemical element 

• Hydrogen - lightest element, colorless, odorless, 

tasteless, Non-toxic, and Highly Combustible.

Hydrogen designations

• Green: by electrolysis, powered by renewable 
electricity

• Blue: fossil fuels WITH CO2   

• Grey: fossil gas, without CO2

• Black: coal

• Brown: lignite

• Turquoise: heat to break down fossil gas as part of the 
pyrolysis process

• Purple, pink or yellow: nuclear reactors
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GLOBAL PROJECTS OF GREEN HYDROGEN H2

Compendium of Global Low-carbon Hydrogen Projects and Their Status As of Aug 2024
5Source: https://www.thehydrogenmap.com
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GLOBAL PROJECTS OF GREEN HYDROGEN H2

Project Location Project Start Operational

Zero Emission Valley (ZEV) project France 2023 No

100MW electrolyzer project Germany TBD No

20MW electrolyzer project Norway TBD No

Aberdeen Hydrogen Hub project United Kingdom / Scotland, 2024 No

ACTA EL500 electrolyzer ("El tubo") Spain 2013 Yes

Aegean green hydrogen project Greece TBD No

Agios Efstratios Greece 2012 Yes

AHEAD (demonstration plant) Brunei, UAE 2020 Yes

Air Liquide Canada Canada 2021 Yes

AMAN hydrogen project Mauritania, Northwest Africa 2022 No

2024 ENGINEERING CONFERENCE - HYDROGEN (H2)



MAP OF H2 DEVELOPMENT IN CANADA AS OF DECEMBER 2023
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Source.: https://natural-resources.canada.ca/climate-change/canadas-green-future/the-hydrogen-strategy/23080
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H2 APPLICATIONS

• H2 fuel vehicles

• Petroleum refining

• Glass purification

• Semiconductor manufacturing

• Aerospace applications

• Fertilizer production

• Welding, annealing and heat-treating metals

• Pharmaceuticals

• As a coolant in power plant generators

• For hydrogenation of unsaturated fatty acids in vegetable 

oil

• POWER GENERATION
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H2 Port Terminal and Shipping in 

Japan

H2 Vehicle and Filling Station

30MW Power Station, 

Germany – RWE
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GREEN H2 GENERATION PROCESS
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AUXILIARIES-WATER



AUXILIARIES-POST PROCESS

• Hydrogen Purification System

• Demister

• Dryer

• H2 Storage Tanks (Low and Medium Pressure)

• Gas Compressor

• Gas Refrigeration System

• Liquid H2 Storage Tanks/Bullets
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GREEN H2 GENERATION PROCESS
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Province $ / kWh

Electrolyzer 

Rating

kWh / m3 H2

Total Cost of 

Electricity

($/m3 H2)

Alberta 0.210 5,000 1,050

Ontario 0.286 5,000 1,430

Electrolysis and water treatment: Power usage

Energy required for 

purifying 1 m3 water 

for electrolysis.

Groundwater Treated 

wastewater

Seawater

2 kWh 2.2 kWh 7 kWh

Energy required for 

electrolysis 1 m3 water.

Electrolysis

5000 kWh
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DUE DILIGENCE
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Independent Electricity System Operator 

(IESO)

• Automatic Generation Control Signal.

• POSITIVE BIAS represents points 

above 0MW axis when power 

production meets the system demands.

• NEGATIVE BIAS represents power 

generation exceeds the systems 

demands which is AVAILABLE potential 

for Hydrogen production plant.



HYDROGEN PRODUCTION: ELECTROLYSIS
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Electrolyzers 

o An anode and a cathode separated by an 
electrolyte

o Different electrolyzes function in different 
ways, mainly due to the different type of 
electrolyte material involved

o Ionic species 

Types 

o Polymer Electrolyte Membrane (PEM)

o Alkaline Electrolyzers (newer, solid alkaline 
exchange membranes AEM) 

o Solid Oxide Electrolyzers
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COMPARISON - WATER ELECTROLYSIS TECHNOLOGIES

Structure

Electrolytes Aqueous KOH Solid (Polymer) Solid (Polymer)

Operating 

temperature 65-100 °C 50-90 °C 50-80 °C

Voltage 1.8-2.4 V 1.8-2.2 V 1.8-2.2 V

Alkaline Electrolysis
Proton Exchange 

Membrane Electrolysis
Anion Exchange 

Membrane Electrolysis



H2 PRODUCTION COSTS

Continuing cost declines in Green 

H2 driven by supportive policy 

and technical innovation

16

2024 ENGINEERING CONFERENCE - HYDROGEN (H2)



17

2024 ENGINEERING CONFERENCE - HYDROGEN (H2)

CATEGORY KEY DRIVERS $/kg

ELECTRICITY

o Largest Cost to produce hydrogen.

o Includes cost to procure energy from renewable generation + batteries

o Largest cost reduction coming from increasing load factor for electrolyzer to maximize utilization.

o Additional cost reductions coming from improved electrolyzer efficiency (more kg H2 per kWh) and 
continued cost declines on renewable generation.

0.90

WATER
o Includes cost of sourcing and treating water for H2 production (13-14 liters needed per tonne of H2).

o Cost expected to remain constant.
0.20

CAPEX
o Electrolyzer (e.g. Alkaline, PEM) purchase/install accounts for over 50% of costs; Balance of Plant (Drier, 

Cooler, De-Oxo, Deionization), civil works, make up the remainder.
0.25

OPEX
o Includes electrolyzer module replacements every 7-11 years plus general system maintenance.

o Largest cost reductions coming from longer electrolyzer life.
0.15

H2 PRODUCTION COSTS

Key Technical Innovation Drivers of Green H2 Cost Decline
Source: US DOE, Rethink Energy

$1-2 / kg
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GLOBAL PROJECTS OF GREEN HYDROGEN H2
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PEM electrolyzers

• Proton exchange membrane - a solid polymer electrolyte

• When an electrical current is applied to its cell stack during water electrolysis, the water splits into hydrogen and oxygen. 

• The hydrogen protons pass through the membrane to form H2 on the cathode side.

PROTON EXCHANGE MEMBRANE (PEM) ELECTROLYZERS

https://www.accelerazero.com/electrolyzers/pem


19

2024 ENGINEERING CONFERENCE - HYDROGEN (H2)

PARTS OF PEM 
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PROTON EXCHANGE MEMBRANE (PEM) ELECTROLYZERS

CUMMINS HyLYZER 1000-30

• 2 x 2.5MW

• 1,000 Nm3/h H2

• 30 bars
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ALKALINE ELECTROLIZERS (AEM)

• Water and liquid electrolyte solution (e.g. potassium hydroxide (KOH) or sodium hydroxide (NaOH)

• When current is applied to an alkaline cell tack, the hydroxide ions (OH-) move through the electrolyte 
solutions from the cathode to the anode of each cell. 

• Hydrogen gas bubbles are generated at the cathode, and the oxygen gas is generated at the anode.



SOLID OXIDE ELECTROLYZERS (SOE)
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Solid oxide electrolyzers (SOE), or solid oxide electrolysis cells 
(SOECs)

o Solid oxide, or ceramic, electrolyte in regenerative mode

o When current is applied, water is fed into its cathode

o Water converts into hydrogen gas and oxide ions. 

o While the hydrogen gas is captured for purification, the oxide ions 
move to the anode and release electrons to an external circuit to 
become oxygen gas.

Highlights

o Pressurized cathode-/electrolyte supported planar stacks at 750- 
850 °C.

o Performance gain up to 3% at 8 bar

o Significant extent of internal methanation during pressurized 
operation.

o Higher pressure dependency during pure H2 and O2 electrolysis 
with both stack concepts.



Source: Top 15 Hydrogen Electrolyzer Manufacturers (By Capacity) | 2024 (blackridgeresearch.com)
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WORLD’S TOP 10 KEY PLAYERS HYDROGEN ELECTROLYZER MAKERS
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2024 Manufacturer Country
Current Electrolyzer 

Production Capacity (MW)
Electrolyzer Type

1 LONGi Hydrogen Technology Co., Ltd. China 5,000 AEM

2 Plug Power Inc. USA 2,500 PEM

3 Hygreen Energy China 2,000 AEM / PEM

4 Bloom Energy Corporation USA 2,000 SOE

5 ITM Power Plc U.K. 1,500 PEM

6 PERIC Hydrogen Technologies Co. Limited China 1,500 PEM

7 McPhy Energy S.A Italy 1,300 AEM

8 Electric Hydrogen Co. USA 1,200 PEM

9 Thyssenkrupp Nucera AG & Co. KGaA Germany 1,000 AEM

10 John Cockerill S.A. China 1,000 AEM

11 Cummins Inc. USA 1,000 PEM

12 NEL ASA Norway 500 PEM

13 HydrogenPro ASA Norway 500 AEM

14 Sunfire GmbH Germany 500 SOE

15 Ohmium International, Inc. India 500 PEM
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ELECTROLYZER / HYDROGEN GAS  MODULE  
(Class I Enclosure / Zone 2 Group IIC)
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ELECTROLYZER CELL STACK MODULE  
(Class I Enclosure / Zone 2 Group IIC)
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ELECTROLYZER MODULE  SHIELD PANEL

ELECTROLYZER 

MODULE

Shield Panels and Framing Members 

connected via quick-connect hardware, can be 

easily assembled, or disassembled, in the 

field.

This feature can be implemented on both sides 

or just one.



HYDROGEN GAS / CELL STACK MODULE 
ASSEMBLY

• Thermal control

• Pressure control

• System control

• Pressure relief devices

• H2 / o2 leak detection system

• H2 / o2 vent system

• Fire protection system

• Cyber security

• Corrosion
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LIST OF PROTECTION DEVICES
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PEM ELECTROLYZER AS PRESSURE VESSEL

PEM ECS Gasketed PHE

Electrochemical Cell Stacks (ECS)

• Operating at 500-750psi, 49-77°C (120-170°F)

• Similar to Gasketed Plate Heat Exchangers (PHE), including end plates, tie rods, gaskets, layered 
construction, etc.



PEM ELECTROLYZER AS PRESSURE VESSEL

29

2024 ENGINEERING CONFERENCE - HYDROGEN (H2)

• EU: must comply with Pressure Equipment Directive (PED 2014/68/EU) – CE marking 

required

• North America: Ambiguity on Authority Having Jurisdiction (AHJ) and lack of 

understanding on regulatory requirements – regulate as pressure vessels

• Electrochemical Cell Stacks (ECS) ASME Code boundary: all metallic pressure-

retaining parts. These metallic materials must comply with ASME material requirements. 

MAWP is determined, similar to Appendix 45 for PHE in Section VIII, Div 1. Pressure 

test, hydrostatic or pneumatic test of 1.5 MAWP for 2 minutes. 

• Non-metallic materials essential for electrolysis but exempted from code requirements 

provided meeting ISO 22374 or ANSI/CSA B22734 type testing requirements. So called 

pressure testing.

• ASME Section VIII Div 1 Code Case 3078, Rules for Gasketed Electrochemical Cell 

Stacks for electrolysis, on design and manufacturing requirements (approved in 

September 2023). 

• Manufacturers must bear with U stamp with jurisdictional shop inspection with 

Forms U-1E and U-3E.

• Code Case 3078 will be incorporated to ASME Section VIII as mandatary Appendix in 

2027 Code Edition.

ASME code boundary: metallic end plates (1), nozzles (2) and bolting (4)

Exempted: membrane (3), dielectric plates (5, 6, 7), and other internal 

components

Source: Linde Presentation in NB Conference 2024



RISK ASSESSMENT

• Project Scope

• Technology/Operations

• Capacity / Generation / Efficiency

• Lead Time of Major Components

• Balance of Plant (Critical Items)

• Levels of Protection

• Applicable Safety Standard

• ECS Pressure Component Design and Manufacturing to ASME

• ECS Non-metallic Materials –ISO 22374 or ANSI/CSA B22734 type testing 
requirements

• Emergency Power and Interlock System

• Leak Detection and Fire Protection
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EXAMPLES OF LIST OF DOCUMENTS
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• H2 Leak Detection System Map

• H2 Building Exhaust Fan Specification and Quantity

• Electrolyzer Specification; Stack Material, Thickness and Corrosion 

Allowance

• CRN and Forms U-1E/U-3E for ECS

• ECS Non-metallic Materials - meeting ISO/ANSI/CSA B22734 type testing

• Interlock System between H2 leak and Exhaust Fans

• Balance of Plant

• Non-Destructive Examination

• Customer Service Agreement

• Critical Spares

• Supply Chain

• Contingency Plan

• Emergency Response Plan
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OPERATIONAL EXPERIENCES
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Project MW Loc. Tech. Mfr. Operations Remarks

Linde 6 Europe PEM 2015
• Electrolyzer failed after seven years operations.

• Cause Unknown.

Mallorca 

Hydrogen 

Plant

6.9 Spain PEM Cummins March 2022

• Operational Issue discovered in August 2023.

• Nine (9) units that were operating in the field, and six (6) 

electrolyzers that were in the midst of being commissioned, 

have been affected.

• Repair period is estimated one year.

Sinopec 260
Xinjiang, 

China
AEM

120MW – Cockerill Jingli

80MW – Longi

60MW – Peric

2023
• Various factors including missing safety features.

• Derated.

• Jan. 2024 – sometime in 2025

Ref.: Hydrogen Insight

TBA
North 

America
2018

• An explosion incident in 2018 was the result of improper 

connection of an electrolyzer hydrogen gas dryer water drain 

into an enclosed common facility condensate drain system. 

• The explosion blew apart the electrolyzer enclosure and the 

facility drain system and caused serious injury to personnel
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CELL STACK FAILURE MECHANISM (LABORATORY TEST RESULTS)



CHALLENGES AND LIFE EXPECTANCY

CHALLENGES

• Infancy of Operating Units (Lesson Learnt)

• High Cost

• Replacement Unit

• ASME and CSA –Shop Inspection and CRN 

• Applicable NDE Technique(s) 

• Regulatory

• Maintenance Regime
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Life Expectancy
• 50,000 hours = < 6 years

• 7~11 years
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GREEN H2 : THE FUTURE IS BRIGHT
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PROJECT COUNTRY SOURCE

GE Hydrogen Pilot Project

GE LM6000 successfully operated on blends up to 44% (by volume) green 

hydrogen. 

USA March 8, 2023: Power Progress

EUROPE prioritizes PEM Electrolysis
UK, Germany, 

Australia and UAE
January 26, 2024: PV Magazine

Siemens Energy: HYFLEXPOWER Project

Demonstrates 100% Hydrogen Operation on SGT-400 combustion gas 

turbine

Europe October 13, 2023: Siemens Energy

IHI & ACME: Japanese Engineering and Indian Renewables Developer

Japanese conglomerate agrees to import 400,000 tonnes of green 

hydrogen-based ammonia a year from India

Asia January 25, 2024: Hydrogen Insight

AMTA: Alberta Motor Transport Association’s 

Nicola Hydrogen Fuel-Cell-Electric-Vehicle

Completed a 519-km round-trip from Edmonton to Calgary without needing 

to refuel and with hydrogen in the tank to spare.

Canada January 26, 2024: Truck News
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QUESTIONS?
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Thank you
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