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1. Introduction

Nowadays,mankindis facingtwo of the most difficultchallengesin its life:

ü globalwarmingandassociatedclimatechanges

ü localpollutionof urbanareas.
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1. Introduction

Energy production 21st Century

ÅMajority from fossil fuel derivatives (carbon based): Currently,  more than 80% of global primary energy 

use is fossil based. Over the last decade, 85% of the increase in global use of energy was fossil based.

Å#/ production

Greenhouse gasses

ÅEffect

Trap IR-radiation(heat) 

ÅEmission ἍἛ

Natural & human activity
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Global carbon dioxide emissions from human activity, compared 

to four different possible futures as depicted in IPCC scenarios. 

Fuss et al. 2014 

The EUCommissionõsLow Carbon Roadmap(and the world

climate contract) suggest a reduction of >80% of CO2

emissionsby 2050 comparedto levelsat the beginningof the

21st century.

2018: 37,1 GtCO 2 (www.globalcarbonproject.org)

Transitionprocessrequires a new energysystemwithout C at

the end with radical technical solutions and infrastructure

investments.

Climate Action in the UNõs Sustainable Development Goals (SDGs):

Limiting global warming to 1.5ºC (https://www.ipcc.ch/sr15/)

1. Introduction

https://www.ipcc.ch/sr15/
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1. Introduction

Greenhouse gases. Reduce emissions to environment .

ü Increasing Energy efficiency;

ü Carbon Capture, Utilizations and Storage

ü Low carbon processes

ü Net-negative global emission

ü Search for renewable energy carrier: Hydrogen,éé

ü é..

European Green Deal: Set of policy initiatives by the European Commission with the overarching 

aim of making Europe climate neutral in 2050.

ü Maximise the deployment of renewables and the use of electricity to fully decarbonize Europeõs energy supply.

ü Increase renewable energy to at least 32% of the EU's final energy consumption by 2030

ü By 2050, more than 80% of electricity will be coming from renewable energy sources. 
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1. Introduction: challenges

ü Sustainableenergy production can only work well

whenthe energystoragechallengesaresolved.

ü Overcoming the inherent intermittency of

renewableresourcesand increasingtheir share of

generation capacity (i.e. integration of renewable

energyin the grid).

ü Other technologieshaveto be developedthat can

respond to these needs,and their readinessfor

marketdeploymenthasto beshown.

ü New or improved materialsfor these technologies

must be developed in combination with new

design/architecture (i.e. improvement of

electrolysersé)

ü Economic competitiveness and environmental

aspectshaveto be considered(i.e. recycling)

Energy storage technologies

L.Yeet al. Reaction: òGreenó Ammonia Production. Catalysis Vol. 3, Issue 5, p712-714, 2017

DOI: https://doi.org/10.1016/j.chempr.2017.10.016

Renewable energy is playing an important role in addressing some of the key challenges facing 

today's global society, such as the cost of energy, energy security and climate change.

https://doi.org/10.1016/j.chempr.2017.10.016
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Energy storage technologies

L.Yeet al. Reaction: òGreenó Ammonia Production. Catalysis Vol. 3, Issue 5, p712-714, 2017

DOI: https://doi.org/10.1016/j.chempr.2017.10.016

ü Batteriesmay not be the best solution to faceall energy

storageneeds,dueto cost,safetyandenvironmentalissues.

ü Pumpedhydro andmethodssuchascompressedgasenergy

storage suffer from geological constraints to their

deployment.

ü Non-battery-basedstoragetechnology,suchasPower-to-X

technologies (Power-to-Gas, -Chemicals, -Liquids) that

allows transforming renewable electricity into synthetic

gases (hydrogen, methane or other gases) and

chemicals/liquids,can be suitable solutions for different

energystorageneeds.

ü The only sufficiently flexible mechanismallowing large

quantitiesof energyto be stored over longtime periodsat

any location is chemicalenergystorage: via hydrogenor

carbon-neutralderivatives.

ü H2 hasgainedconsiderableattention asan idealand clean

energycarrier:

o H2 combustionproducedonly water asby-product

o High efficienciesfor energyconversionare achievedwhen it is

employedasfeedstockfor power production.

1. Introduction: challenges

https://doi.org/10.1016/j.chempr.2017.10.016
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ü The ARENHAproject aimsat usingammoniaasa greenhydrogencarrier andfor that purposeit

developsits mainactivitiesaroundthe power-to-ammonia-to-usagevaluechain.

ü Innovativematerialsare developedand integrated into ground-breakingsystemsenablingthe

flexible,secureandprofitablestorageandutilizationof energyunderform of greenammonia.

ü ARENHAwill demonstratepower-to-ammonia-to-usagetechnologiesatTRL5

Why ammonia as a H2 carrier?

Relatively 

low cost
Easy to 

liquefy

High 

volumetric 

energy density

The volumetric energy 

density of a range of 

fuel options.

2. Project overview: Objective

Easy to store 

and transport

Carbon 

free



ARENHA Final Public Presentation

(Reproduction withoutpriorpermissionof ARENHA isprohibited). 2025/06/03  Page10

NH3 UTILISATION 

ON SOFC FOR

POWER 

GENERATION

GREEN 

H2

PRODUCTION

High Temp 
Electrolysis

GREEN N2 & 

NH3

PRODUCTION
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N2 production
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NH3
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Haber-Bosh Loop

N2

NH3 STORAGE

Solid state
storage

NH3

STORAGE

Solid state
storage

Liquid NH3
storage

NH3

NH3 solid oxide 
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NH3 DECOMPOSITON 

INTO PURE H2

H2

H2

PEM fuel cell

Advanced NH3
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FOR POWER 

GENERATION

AND FOR

MOBILITY

NH3 UTILISATION 

ON ICE FOR

MOBILITY
NH3 NH3 combustion 

engine

N

H3

NH3

NH3

NH3

NH3

Power-to-ammonia-to-usage value chain in ARENHA

Lab Scale Available 

facilities

New materials 

and/or processes

2. Project overview: Main goal and S&T targets (I)
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NNN2
Two 5 kWe

stack module

10 kgNH3/day 

(<80 bar, <450C)

10 Nm3/h of pure 

hydrogen (>99.99%) 

2. Project overview: Main goal and S&T targets (I)
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LifeCycle
Cost

Analysis

Service
Cost

Preventive
Maintenance

cost

Operating
cost

Disposal
cost

Initial
cost

Rawmaterials

Transportof 
raw materials

Production
Distribution

on the market

Endof life

ü To assess the social acceptance, techno-economic-environmental feasibility, and replication 

potential of the developed value chains (LCA, LCC, LCS).

2. Project overview: Main goal and S&T targets (II)
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üMultidisciplinary and complementary team.

ü11 partnersin 7 countries.

ü Industrial oriented (45%): 5 SME/IND + 6 RTO/HES 

ü3 SMEs& 2 IND

2. Project overview: Partnership

v

Universities
Research institutions

Industries
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2. Project overview: Approach
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2. Project overview: Approach
Resultado de imagen de LCA

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi_wcWg7OHPAhXDSxoKHQ9mAx0QjRwIBw&url=http://www.valsir.it/en/lca/sostenibilita/life-cycle-assessment&psig=AFQjCNGfwXd-ReTF5sB8jlzwBQnOPArkfQ&ust=1476793924785428
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2. Project overview: Impact

Decrease energy import dependency by using 
ammonia to diversify energy supply (i.e. H2) from 

third countries

Increasing renewable shares in the grid with large 
scale energy storage.

Strategic European leadership in energy storage.

ü Alternative energy import through renewable

electricitystorageandlong-distancetransportation.

ü Secureandcleansupplyof renewableenergy

Hydrogen carrier:
Mobility, transport and industry decarbonisation

More efficiently and cheaper long-term energy 
storage in form of green ammonia

Support to the clean energy transition / 
European Green Deal.

ü Low carbonsocietyusinghydrogen.

ü Replacenatural gas,coal and oil in hard-to-decarbonise

industriesandtransport sectors(i.e.;maritime).

ü Reducingthe amountof CO2 emissions.
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3. Business case definition
Market analysis

Objective : Analysemarkets,stakeholders,andtheir needs.

ÅCurrent marketandFuturemarketwith new usages

ÅExpectedstakeholdersmarketsforARENHAõstechnologies

ÅSternsandmarketdrivers

Key Insights from the market analysis:

ÅRenewable energy at hundreds of GWs per year scale

ÅCarbon price to incentivize investment

ÅSubsidies to mitigate investment risk

ÅRegulation to set timeline (ReFUEL, IMO example)

ÅEconomies of scale: Electrolysis scale-up to reduce 

costs

ÅCertification and compliance to mitigate competition.

Expected ammonia demand up to 2050 for the 1.5° C scenario. IRENA, 2022
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3. Business case definition
Activity 1: Market analysis

AnhydrousammoniaProduct trade, Exportersand Importersin 2023 | 

Source: Observatoryof EconomicComplexity
Ammonia shipping infrastructure in 2017 , including a heat map of liquid 

ammonia carriers and existing ammonia port facilities.| Source: The Royal Society 

Main Exporters:

ÅTrinidad and Tobago (18.6%), Saudi Arabia (15.3%), Indonesia (10%) and Canada (8.85%)

Main Importers:

ÅUS (15.2%), India (13.6%), Morocco (9.75%), Turkey (4.81%) and China (3.51%) 

Existing ammonia

trading infrastructure

can support low-

carbon ammonia

exports

Ammonia trade
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3. Business case definition
Activity 1: Market analysis

Low carbon ammonia supply

3.7

13.5

26.3

Operational
Firm (under construction, FID)
Mature (offtake/EPC selected /FEED)

ü 485 Ammonia projects (Feb. 2025) from 102 (Dec. 2022) for a total 451.2 millions tons (Mt)

ü 43.5 Mt ammonia capacity could be operational by 2030, 37.7 Mt low-carbon (~90%) 

Operational, firm and mature Low-carbon ammonia projects. 

| Source: Ammonia Energy Association 

Need of affordable and cost-effective green ammonia production

technologiesto movemore projectstowardsFinalInvestmentDecision(FID)

43.5 Mt

Low-carbon ammoniaproject basedon natural gas(blue) set to lead near

term supplycomparedto electrolysisbased(green)ammoniaprojects

ü High financingcost and low offtakers willingnessto pay is a barrier for

greenammoniaproject developments
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3. Business case definition
Activity 2:  Value proposition

Exploitable Results:

Objective :

1. Show value of technologyfor energy storage

2. Demontrateuniqueness andmarket impact (benefitsandcompetitiveedge)

How :

1. Characterize KERs

2. Evaluateimpacts on customers

3. Create a value map

Goal: Determineandcharacterizethe IPthat canbeexploited

21 exploitableresultsidentifiedandcharacterized

ü 6 Key Exploitable Results (KER)
Å linkedto the 3 prototypes

Å usedfor the businessmodels

ü 15 other exploitable results :
Å linkedto the other work inARENHA
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3. Business case definition
Activity 2:  Value proposition

Key Exploitable Results:

Nº Exploitable Result Lead Partner

KER1 H2 supply for ammonia applications ENGIE

KER2
Advanced Electrolyte Supported Cell SOEC electrolyser 

for renewable hydrogen production
IKTS

KER3
Advanced Cathode Supported SOEC electrolyser for 

renewable hydrogen production
ELCOGEN

KER5 Advanced ammonia synthesis unit PV

KER6
Advanced ammonia decomposition membrane reactor 

using DS Pd-based membranes
H2SITE

KER11 Software tools for membrane reactor design TUE
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3. Business case definition
Activity 2:  Value proposition

Value Map:

Deliver reliable 

and consistent 

power supply to 

clients

Decarbonise power 

production 

(environmental regulation

and sustainability goals)

Power companies and Energy 

as Service companies

Gain 

independence

Variable 

operation

uncompatibility

Maintain and 

modernize

distribution 

infrastructure

Higher

integration of 

renewables

ARENHA Value Proposition

Compatibility with

variable energy

resources

Storage of intermitent

renewable power

Decentralized

energy storage

Compliance 

with sustaibility

targets and 

regulations

CO2 

reduction

Use of existing infrastructures 

(Cost efficiency)

Carbon 

credits

Manage and 

balance 

energy supply

and demand

High cost and 

technical

challenges of 

current enery

storage solution

Complexity and cost of 

integrating new 

technologies into

existing systems

Reliable and 

stable energy 

supply.

Compatibility with 

existing 

infrastructure.

Versality

Optimize

power 

production

Offering

competitive

pricing

Meeting 

regulatory

complianceMarket

volatility

Dependance

on natural

gas

Curtailment

Aging

infrastructure

Complexity in 

energy

management

Unavailability

of storage

solutions

Regulatory

compliance 

burdens

High cost of 

CO2

High cost of 

green electricity

vs fossi

Technological

uncertainty

Regulatory

uncertainty

Energy 

storage

system unit

Regulatory support

Subsidies

Decoupling from

natural gas resources

and market volatility

Advanced 

ammonia synthesis 

unit integrated with 

solid-oxide 

electrolyser

Modularity and 

flexibility of using

standardized unit
Advanced ammonia 

decomposition unit

Cost efficiency of 

standardized unit

Fast deployment on-

site

Fast production of 

strandardized unit

Global market

integration
Global market

integration

Flexibility

Scalability

Facilitate

deployment of 

renewables

Lower carbon

footprint

Enhance company 

image and visibility 

as an energy 

transition leader.

Improve cost-

efficiency

Make profit by 

selling otherwise

curtailed power

Economic

opportunity

Remain cost

competitive

Get new 

markets

Comply with

environmental

regulations

Goal: Elaboratea valuepropositioncanvas(valuemap)for the businessmodel

1. Define customer profiles

Describe Jobs (need to get done), 

pain points & desired outcomes.

2. Map value creation 

Visualize how ARENHA solution 

eases pains and delivers key benefits

3. Validate fit 

Use customer feedback to align your 

offer with real market needs.

Value Proposition Canvas of ARENHA products.
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3. Business case definition
Activity 4:  Business Model and Go -to -Market Strategy

Objective :

MaximizecommercialimpactofARENHAresults

How :
1. DevelopBusinessPlan

2. Definea Go-to-Marketstrategy

Questions we ask:
1. How do we bestusetheprojectõsexploitableresultsto builda business?

2. What is the finalbusinessmodelselectedfor the commercialexploitationof theARENHAresults?

3. How will the businessgeneraterevenue?

4. What productsor serviceswill generaterevenue?

Business model :
ü A final businessmodel (BM) was selectedbasedon market analysisand characterizationof the key exploitable

results(KER)

ü The finalBM is Energystorage unit for power, energy serviceand oil & gascompanies dividedin 2 sub-BM:

ÅBM1: Power to ammonia

ÅBM2: Ammonia to power

ü The BusinessModel Canvas(BMC) approachwasadoptedto characterizethe entire business,includingcustomers,

revenues,cost structure andkeyactivities.
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3. Business case definition
Activity 4:  Business Model and Go -to -Market Strategy

Go-to -Market strategy (GTM) :

ü CommercializationandGTM strategyare crucialstepsin launchinga new product or serviceto the market.

ü GTM helpa businessintroduceits offeringto potentialcustomers,buildbrandawarenessandgeneratesales.

ü Outlines how to leveragedirect or indirect marketing,sales,logisticsand distribution channelsto deliver

ARENHAõssolutionsto targetcustomers,aimingto maximizesalesefficiencyandprofitability.

The GTMstrategy for a startup differs significantly from that of an established company. For startups, the 

focus is on attracting early adopters rather than the broader market. 

The GTM strategyincludes:

ü Productdescriptionandvalueproposition

ü Identificationof competitors

ü Positioning
Å Market role anddifferentiation

Å Positioningandlong-term vision

ü Riskandmitigations

ü Teams

ü TimelineandMilestonefor:
Å Technologydevelopmentanddeployment

Å Enteringmarket

ü Pricingstrategy

ÅPricingmodel

ÅPricingstructure

ü Distribution channelsandsalesstrategy

ü Revenueprojectionsandmonetizationstrategy
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3. Business case definition
Activity 4:  Business Model and Go -to -Market Strategy

Approach for revenues projection :

1. Forecastammoniademandin Europe

2. Assumemarketpenetration

3. DetermineServiceableMarket

4. Determinenumberof unitssold

5. Productioncost of 1 unit (60TPD)= X1Mû

6. Saleprice of 1 unit = X2Mû

7. Revenuesprojection

o First salesareprojectedfor 2035.

o Projectionsspanfrom 2035to 2045.

MarketPenetration(Assumption)

ü 1%penetrationfrom 2035to 2039.

ü 2%penetrationfrom 2040to 2044.

ü 3%penetrationin 2045.
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Revenues forecast for intgerated NH3 synthesis 
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4. Green hydrogen production

Objectives

ü Define the industrial requirements for green hydrogen production units based on Solid 

Oxide Cell Electrolysis (SOEC) technology 

ü Systemmodelling, process design and simulation 

ü Modelling and simulation of the integrated Power-to-Ammonia solution

ü Techno-economic analysis and comparison with benchmark technologies to assess 

technology potential 

System requirements, design and modelling 
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4. Green hydrogen production

System requirements, design and modelling 

Industrial requirements

ü The process parameters for the ARENHA process have been defined;

ü Mass and energy balance of each individual process unit were conducted to define the 

inputs and outputs parameters of each process block. 
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4. Green hydrogen production

System requirements, design and modelling 

SOEC electrolysis modelling

ü Review of SOEC model with various level of complexity (from 0D to 2D);

ü Identification of key experimental parameters required for lumped model definition;

ü SOEC0D stackmodeldeveloped(Aspen

Custom Modeler) and validated with

experimental data from FhG-IKTS and

Elcogen
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4. Green hydrogen production

System requirements, design and modelling 

SOEC electrolysis modelling

ü Implementationof StackModelwith systembalanceof plantmodel(AspenPlus)

ü Developmentof adynamicstatemodelfor modularSolidOxide ElectrolysisSystems(MATLAB)

ü Processsimulationwith intermittent power sources;

(a) Electrolyser Energy utilisation. (b) Electrolyser Modules operation.
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4. Green hydrogen production

System requirements, design and modelling 

SOEC electrolysis modelling

ü Evaluationof SystemKey PerformanceIndicators and benchmarkingwith low-temperature electrolysis

technologies. Assessmentof the potential,the strengthsandthe weaknessesof the full-scaleplant.
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4. Green hydrogen production

System requirements, design and modelling 

Conclusions

ü Developmentof a model, validatedwith experimentaldata,for the estimation of Solid Oxide

Electrolysissystemsoperation,performancesandcosts;

ü Despite disadvantagesrelated to lower TRL and high temperature of operation, Solid Oxide

Electrolysistechnologyallows for higher efficiencyhydrogen production with the potential to

compete with Low-T electrolysistechnologies,especiallyfor e-fuels (i.e. ammonia)production

applications.
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4. Green hydrogen production

SOEC development 

ü The state-of-the-art SOFC is not optimized for electrolysis operation at high current density.

ü New materials and microstructural changes in the air active layer and fuel active layer have been explored 

to optimise cell for SOEC mode.

ü New SOECs has been manufactured incorporating all the findings and then assembled in stack to be tested 

in a 5kW system for validation.

Development of modified cathode supported cells for SOEC ( Elcogen) 

Schematic representation (left) and polished SEM cross-section (right) of a State-of-the-Art Elcogen commercial cell.
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4. Green hydrogen production
SOEC development

Development of modified cathode supported cells for SOEC ( Elcogen) 

ü Development of new ElcogenSOEC cell designs:

o New materials in the hydrogen electrode active layer.

o Changes to hydrogen electrode active layer microstructure.

o New materials in the air electrode layer.

ü Results:

o Modifications to hydrogen active layer with positive results:

ÅNi-Fe/YSZ

ÅNi/YSZ-GDC

ÅNi-Fe/YSZ-GDC

ÅThicker active layer 
Single button cell performance test results at high 

and low fuel utilization
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4. Green hydrogen production

Development of modified cathode supported cells for SOEC ( Elcogen) 

ü Validation of new materials in single cell tests in a stack environment:

o The Ni-Fe/YSZ active hydrogen electrode gave best results:

Å Faster stabilization 

ÅStabilized by the end of the 1000-hour test.

ÅComparable performance with reference cells

o Choice for the E1500 demo stack:

ÅNi-Fe/YSZ hydrogen electrode active electrode 

Å Thicker hydrogen electrode active layer

SOEC development

Short stack test results with the most potential cells
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ElcogenSOEC stack 
module

üAssembly of the 5-kW demo stack with Elcogenstacks.

ü Successfully integrated into module by FhG-IKTS

ü Test at test rig ongoing

E1500 Stack module design, assembly and test

4. Green hydrogen production

Demo stack during integration into the module

SOEC Elcogen protype 
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4. Green hydrogen production

SOEC Elcogen protype 
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Package

E1500_HB18a_60E  voltage and power

-300 mA/cm², 68% ɖ_FU, -2579 W, T_ref=658 °C
55% H2O in H2, 700°C inlet

-500 mA/cm², 76% ɖ_FU, -4562 W, T_ref=674 °C
65% H2O in H2, 680°C inlet

-500 mA/cm², 75% ɖ_FU, -4599 W, T_ref=669 °C
78% H2O in H2, 680°C inlet

elcoStack E1500 module design, assembly and test

SOEC operation @ -500 mA/cm², SU 75 %, 80 % H 2O in H 2

ü Power in reference point: Pel= -4.6 kWel

ü Stable and even voltage distribution

Ą Successful result
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4. Green hydrogen production

SOEC Elcogen protype 
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Package

Vair=0 Nl/min, Vgas=35,1 Nl/min, 100% H2O

0 h 330 h ȹU 

elcoStack E1500 module design, assembly and test

SOEC operation @ -500 mA/cm², SU 75 %, 80 % H 2O in H 2

ü Long term test for 330 h with minor degradation

of P̍el /Pel = 3 %/1000 h (@-500 mA/cm² 330 h)

ü Stable operation possible

Ą Good test
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4. Green hydrogen production

SOEC development 

Development of modified electrolyte supported cells for SOEC ( FhG-IKTS) 
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4. Green hydrogen production
SOEC development 

Development of modified electrolyte supported cells for SOEC ( FhG-IKTS) 
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4. Green hydrogen production
SOEC development 

Development of modified electrolyte supported cells for SOEC ( FhG-IKTS) 

ü Decreasing the area specific resistance of the cell (ASR) by around 32%

o Improving the electrodes:

ÅAnode

ÅAdhesion layer at the cathode

o Decreasing the sintering temperature

o Decreasing the substrate thickness

ASR (area specific resistance) of cell measured at 800 ° C, H2:H2O=1:1 without CCL
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ü Assembly of the 5-kW demo stack with IKTS stacks

ü Assembly with no problems

ü Test at test rig completed

MK355 Stack module design, assembly and test

4. Green hydrogen production
SOEC FhG-IKTS protype 

CAD studyof IKTS SOEC 
stack module
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MK355 Stack module design, assembly and test

4. Green hydrogen production

SOEC FhG-IKTS protype 

SOFC operation @35 A,  Tref=835ÁC, 40 %H2 in N 2

ü Power in reference point: Pel=1677 Wel

ü Variation of fuel flow from 60% to 80%

Ą Perfect result

Ą Homogeneous gas supply
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Package

355_HB017f_60E  voltage and power

74% ɖ_FU, 49.4 Nl/min gas, 150.7 Nl/min air, 1677 W, 
T_air_o=835 °C, ØV=4.923 V, |ȹV|=0.058 V

59% ɖ_FU, 61.6 Nl/min gas, 150.7 Nl/min air, 1723 W, 
T_air_o=835 °C, ØV=5.055 V, |ȹV|=0.081 V

80% ɖ_FU, 46.3 Nl/min gas, 150.7 Nl/min air, 1659 W, 
T_air_o=835 °C, ØV=4.871 V, |ȹV|=0.06 V
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MK355 Stack module design, assembly and test

4. Green hydrogen production
SOEC FhG-IKTS protype 

Ą SOEC prediction with 120 W/cell >7 kW possible

Ą More than 25 Nl/min H2 from  MK355 SOEC prototype

SOEC operation in Co -electrolysis mode @ -50 A (part load)

ü Gas composition: 10% H2, 56 % H2O, 10 % CO, 24% CO2

ü H/C=2 with 20 % reducing gas

Ą Comparable values for steam electrolysis

(i.e.: 80%H2O in 20 % H2)
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Package

355_HB017f_60E  voltage and power

72% ɖ_FU, 36.1 Nl/min gas, 80.6 Nl/min air, -3876 W, 
T_air_o=764 °C, ØV=7.561 V, |ȹV|=0.25 V

Voltage measurement includes current plug
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4. Green hydrogen production

Comparison of elcoStack E1500 to MK35x
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Performance map H2O-electrolysis 80/20
elcoStack E1500 vs. MK35x; 75% SU; -500 mA/cm²

elcoStack E1500
MK35x

SOEC operation @ -500 mA/cm², SU 75 %, 80 % H 2O in H 2

114 K

ü Power of elcoStackE1500 comparable 

MK35x stack 60 cell with temperature difference 114 K

ü ElcoStackE1500 operated at maximum temperature

whereas MK355 has wide operation window
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4. Green hydrogen production
SOEC development 

Conclusion

ü Stack tests with new cells: increased max. current density to -700 mA/cm²

ü Up to -120 W/cell can be converted to H2

ü -115 W/cell @Tref=800° C, -700 mA/cm², hFU=75% 

ü Wide temperature window 750-860° C (Fuel: 80% H2O in 20% H2, Air: 30 Nl/min)

ü 2x30-cell MK35x stack module commissioned for 25 Nl/min H2 production at CNH2 for Haber Bosch

ü Single cell tests with experimental electrodes: Addition of iron to hydrogen electrode increased performance

ü Short stack test with multiple experimental cells showed that the addition of iron also decreased stabilization 

time in the stack.

ü E1500 stack module assembled and commissioned at IKTS

ü Constant operation at -500 mA/cm² at IKTS
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The concept ðelectrochemically split Air to N 2 and O 2:

Two types of electrochemical cells backbone been developed 

5. Green nitrogen production
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5. Green nitrogen production

üLow overpotential at 650-800 ºC and current density below 0.8A/cm2

üDurable for high purity N2 production

Performance and durability of Case study 1 cell infiltrated with catalyst 
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5. Green nitrogen production

98%N2

Performance and durability of Case study 2 cell infiltrated with catalyst 

üLow over potential over a wild operation temperature range 

üDurable for high purity N2 production
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Theoretical onset potential decrease with O 

concentration (overpotential increase)

The thermodynamic barrier to N2 adsorption 

decrease with O concentration

ü Transition metal nitrides are active for the N2 reduction to NH3 but deactivates over time. 

ü Active sites are thought to be close to surface O. 

DFT study performed on VNOx for potential catalyst for NH 3 electrosynthesis

6. Green ammonia production
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6. Green ammonia production

2NH 4VO 3 + 2CO(NH 2)2 Ą 2VO 2 + 2CO 2 + 4H2O + 3N 2 2NH 3 + 2VO 2 Ą 2VNO+3H 2O

VNOx synthesizedand studied

with XRD, XPS to confirm the

phaseandsurfacestatus

Synthesis of VNOx materials 
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Electrochemical characterization with Rotating disc electrode experiment 

Electrolyte solution: 0.1M HClO4, 1600RPM, catalyst load 68 µg/cm2
GC

ü No electroactivitiesobserved for NH3 synthesis, H2 evolution dominate the reaction

6. Green ammonia production
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7. Advance ammonia synthesis loop: sorbent

Absorbent material selection and capacity optimization



ARENHA Final Public Presentation

(Reproduction withoutpriorpermissionof ARENHA isprohibited). 2025/06/03  Page54

7. Advance ammonia synthesis loop: sorbent

Absorbent material stability upon sorption/desorption cycles
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7. Advance ammonia synthesis loop: sorbent

Absorbent material stability upon sorption/desorption cycles

Sg + MnCl2 (34%wt.)

Before cycling After full cycling After partial cycling

Fullcycling:MnCl2Ÿ Mn(NH3)6Cl2Ÿ MnCl2é

Partialcycling:MnCl2Ÿ Mn(NH3)6Cl2Ÿ Mn(NH3)2Cl2ŸMn(NH3)6Cl2é


