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Stationary Applications: Gas 
to Power and Heat

Fuel Cell Technology for 
Stationary Applications

PRD parallel sessions on stationary applications
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From lab to 
market

Lifetime & performance

Research

Next generation products

New business models

Trials and demonstrations

FCH JU support to Stationary FCs 
Applications: A 14 years journey

Monitoring & Diagnostics

Material and manufacturing

Component and System aspects

End user ready solutions

Proof of concepts

2008 - 2021

87 projects
277 M€ funding
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Fuel cell for domestic heat and power

Complementary to heating system

Replaces heating system

18000+

400-3000

200-400

70-200

1-70

FC Micro-CHP deployment geography

0 5,000 10,000 15,000 20,000

Installed Pipeline Planned

1046 installed

~1900 installed

Planned 
and 

deployed 

Europe market is in the order of 22,000s systems, ~25% increase since last year

*

* Applications filed under German KfW since 2016
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5

37 to 60% Power Efficiencies
Homes and small businesses

Programme targets 20202

85 to 90% Total Efficiencies

93 to 99% availability

40 to 80 khrs stack durability

<10,000 EUR/kWe CAPEX 

Technology neutral

16.5 million hours operation

Next generation units installed

Products continue performing as expected

Challenges and opportunities: additional cost reductions (larger production 

volumes) and 100% H2 units

30% H2 tolerance
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UNITS PER MANUFACTURER

36,512 hours of continued 

operation for single fuel cell1

Cost reduction curve

2020 target, 10,000 €/kWe

2024 target, 5,500 €/kWe

2030 target, 3500 €/kWe

2a number of technical programme targets for 
2024 and 2030 achieved

3JRC Report, 
www.fch.europa.eu/page/fch-ju-jrc-deliverables

1based on data reported until Dec 2020
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Next generation component designs & manufacturing

Support to research on innovative concepts for improved lifetimes and low 

manufacturing costs is allowing European industry to keep leadership

• Fully printed catalyst coated membrane with 

equivalent performance (>0.67W/cm2) and durability 

(<0.25%/1000h)
• Developed and costed a fully printed CCM 

manufacturing process line (120 m2 footprint,3GW/year)

• Feasibility of roll-to-roll process demonstrated

• Low cost steels showed to perform similar as high 

cost steels (in lab)

Interconnects

• Adapted 3D printer for SOFC printing 
(4 materials at the same time)

• Printed SOFC single repeating unit by 

different 3D printing techniques

• Novel surface geometries with increased 

power density explored with 3D printing

MEA

• Improved performance, durability, and cost 

competitiveness of SOCs

• Validation of large cells and short-stacks

• Gathers European Solid Oxide industry 

and research community

Cell

Source: MAMMA MEA project

Source: NewSOC project



#CleanHydrogen
#EUHydrogenForum

#PRD2021
#CleanHydrogen

Next generation component designs & PoC
Significant stack cost reductions @ mass production achievable

Fuel flexibility with high temperature PEM fuel cells

• 5 kWe High temperature PEMFC, methanol

• > 50% System ηe ,<30W/l  power density

• < 0.4 %/kh Degradation, <3,000 EUR/kWe

• Scale-up of the system to 50-100 kWe

PoC

• 75% reduction of conditioning time 
leading to stack CAPEX reduction

• 10 s  In-line inspection of cell
• 1100 €/kWe stack cost @ 10MW/year

• New stack production plant secured

Stack

1 Average values @current production levels

© Sandvik Materials Technology, 2020 © ©THTControl, 2020
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• Second generation 
60kWe unit

• Fewer components, 

+60% system elec. Eff.

• 4,000€/kWe target 

system cost

• 74% Stack electrical efficiency

•→70% reduction stack cost

• High-speedcell manufacturing

• 1100 €/kW @10MW/year 
achievable stack costs

From stack to next generation of systems: high performant & 

cost reduction through more efficient manufacturing

Building a European supply chain for commercial size fuel cells

Results from operation
• 7000h Operation

• 68.6%  ηe (stack)

• 61.4% ηe (system)

• 81% ηt (system, heat & power)

• 99% System availability

• Serial manufacturing ready

•Manufacturing volumes necessary 

to reach system capex targets

Smart grid
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53% electrical efficiency

31% thermal efficiency

+10,000 h running hours

Large market potential

102 kWe installed

Fuel cells for commercial buildings and service sectors

First demonstrations of next generation systems started

European supply chain, targeting Europe and overseas market (Asia)

60% plant availability

Biogas from WWTP
Demos of FCs for cogeneration and prime power 

in commercial buildings - 10 to 60 kWe units

450 kWe capacity, 3 European OEMs

Track record of performance, cost reductions  and 
validation of business cases to be proven

6 to 60 kWe single FC systems

2 OEMs have finalised designs 

+10,000 h running hours

2018
2022

Buildings, 

services, 
decentralised 

grids, biogas  

160 kWe capacity manufactured 

+10,000 h running hours
1 system installed, 3 under installation
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Novel SOFC system 

for trigeneration
50kWe (SOFC)

Prototypes will be installed at Shell Technology 

Center, Amsterdam 

Natural Gas/ 

Biogas

Solid Oxide Cells: offering flexibility to the energy system

Continuous production of hydrogen using multiple sources

Natural Gas/ 

Biogas

Reversible 

trigeneration 
25kWe(SOFC)/75kW (SOEC) 

53 kg H2/day (SOE)

40 kgH2/day (polygen)

4.5 €/kg H2projections

0.26%/1000h efficiency 

degradation, 600 hours test

+2100h  tests

2.8€/kgH2 cost target
Autonomous, 100% renewables, modular

a 65%ηe,H2

b 80%η e,H2,h

c 97%ηe,H2

a combined power & H2 production, LSM efficiency
b combined power, heat & H2 production LSM efficiency
c H2 production efficiency, SOEC mode, LSM using waste steam 

Tests done in Large Stack 
Module  (LSM)

https://switch-fch.eu/

https://ch2p.eu/
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Power to Power for isolated micro-grid or off-grid remote areas

Autonomous, 100% renewables, modular, 2/3 demo-sites in operation

P2P

Higher CAPEX, lower OPEX

Demo Agkistro, Greece 

• 45kWe electrical capacity @ 45% system η (rated)

• 25kW H2 production capacity , 10.8kgH2/day @ 70% 

system efficiency (rated)

• Complete, operation started end 2020

Demo Rye, Norway 

Agri-food processing plant, 
avoiding the installation of new 
transmission line

• 87kWe electrical capacity @ 40% system η (rated)

• 50kW H2 production capacity, 21.5kgH2/day @ 68% η 

(rated)

• Operation started beg. 2021

Demo Gran Canaria, Spain

• Wind & solar P2P (fuel cell + electrolyser + H2 storage)

• Electricity supply for a milking facility, replacing diesel 

generation

• Grid extension restrictions, surrounded protected 

area

Zero local air emissions

Alternative to diesel generation 

emissions

www.remote-euproject.eu

Basis for next-generation P2P systems

Milk 
factory

Supporting loads for a fish 
farm by integrating RES 
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H2 Gensets

Clean power generation for temporary events, all is ready for the first demos

Festivals, construction sites, urban events, shore power

FC-based containerized transportable gensets

www.everywh2ere.eu/

4 x 25kWe and 3 x 100 kWe

5500 €/kWe (CAPEX) 

2018

2023
1.1 €/kWh (LCOE)

>24 months (or 8000 hours) on-site operation

Ease of installation and transportability 

Road-to-market, commercialization strategy

Different end-users targeted

OBJECTIVES

PROGRESS

1x100 kWe +  H2 storage bundles
1.96MWh AC load provided, 63h operation
Operation at partial and full load tested successfully 

6850 €/kWe(CAPEX), ~ 1.1 €/kWh LCOE estimated 

Remote monitoring and control enabled

1x25 kWe +  H2 storage bundles
0.28MWh AC load provided, 28h operation

http://www.everywh2ere.eu/
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Remote power

Demo campaign has started: remote gas/oil infrastructure, telecom towers

Exporting European solutions abroad (North America)

Remote power with solid oxide fuel cells

rorepower.com

PROGRESS

Competitive remote power 

generation in harsh climate 

conditions (from -40 to +50°C) 
2018

2022

20 sub-kWe units installed/under installation, >35% ηe

-20/30degC start-up, long term (15y) desulphurisation

1-2 years of operation

Reduced total cost of ownership

Large export market opportunity seized

Ready for mass manufacturing

47 units to be demonstrated

Specific cost and performance targets

Systems certified, demos have startedOBJECTIVES
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Greening big industry using H2 in MW scale FCs

Early installations driven by high regional power prices abroad

Prototype of the next generation of flexible PEM Fuel Cell built and validated

By-product H2 from a refinery in 

Martinique, 1 MWe PEMFC

Waste H2 from a chloralkali plant 
in China, 2 MWe PEMFC

50% power efficiencies 

85% overall efficiencies 

95%+  avail. for over 16 000 h

27 000 new European MEAs

H2

Next generation stack

300 cm2 active cell area

25 kWe capacity

20 khrs lifetime 

450 EUR/kWe mass product.

1,500 EUR/kWe@ 25 MW/year

Next generation GRASSHOPPER plant

Commissioning and first start-up

Dynamic operation test , 20-100% load

100 kWe system prototype

www.grasshopperproject.eu



#CleanHydrogen
#EUHydrogenForum

#PRD2021
#CleanHydrogen

Conclusions (1/2)

Developing the market: from 100s to 20,000s

Track-record of performance of next generation products available, 

2020 KPIs have been met

Consolidation of European players across all the supply chain (component 

suppliers + system integrators), SMEs + heating equipment manufacturers)

Demonstration of next generation of “commercial size” fuel cells has started

Early results for Reversible Solid Oxide trigeneration systems are promising
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Power to Power solutions demonstrations started

Solid Oxide Fuel Cells for remote infrastructure being demonstrated in 

overseas markets

Prototype of the next generation low cost-flexible PEM Fuel Cell built and 

validated, ready for demonstration

H2 gensets validated and ready for demonstration

Development of large-scale stationary applications supports other emerging 

sectors, e.g. maritime

Conclusions (2/2)

Early MW scale large-scale fuel cells installations installed abroad, driven by high 

regional power prices


