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Institute for Energy Technology

* Independent foundation est.1948
« R&D on Energy Technologies

- Laboratory intensive activities

« 650 employees (Kjeller & Halden)
* Turnover: 1000 MNOK

« Contract Research

* Internationally oriented
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IFE’s focus on Hydrogen . ..
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MoZEES

Mobility Zero Emission Energy Systems

CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

Motivation

- Unite battery and hydrogen technology perspectives with the actual
needs of the transport sector

 Assist in the design of safe, reliable, and cost competitive zero-
emission transport solutions for the future




MoZEES

Mobility Zero Emission Energy Systems

Research Partners
« 4 Research institutes: IFE (host), SINTEF, TAI, FFI
e 3 Universities: UiO, NTNU, HSN

User Partners

« 28 Commercial & Industrial partners: Battery and hydrogen materials,
components, and system suppliers, developers, and users

7 Public Organizations: Norwegian Road, rail, and coastal authorities,
Akershus and Sgr-Trgndelag county councils, Oslo Port authority, Enova

Project
* Period: 2017-2024
* Budget: 260 MNOK 13 PhDs & 5 Post.Docs.
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MoZEES

Mobility Zero Emission Energy Systems

Research Areas

Administration (IFE)

= Center leadership, coordination

RA 1: Batteries (NTNU)

Materials & components for battery: anodes, cathodes, electrolytes
Increased performance, capacity, volated and rate capability

New fabrication methods
Lower costs of production

N criterio

/ Performance

RA 3: Systems & applications (IFE)

* Hybrid electric systems; battery and fuel cell systems
* H, production & supply systems; water electrolysis

Efficient

* High performance catalysts
* Durable bipolar plates

RA 2: Hydrogen (SINTEF) components

Materials & components for water electrolysers, fuel cells and
membranes: anodes, cathodes, electrolytes

Lower costs of production

studies) .

— Design
guidelines

= Battery &H, safety; battery & fuel cell life-time
> Optimization of system design & operation
¢ * Design specifications of selected applications (case

RA 4: Policy & Techno-economic Analysis (T@I)

Screening of new concepts and business models

New concepts and business models (case studies)

Transport & energy methods & models with supporting ICT solutions
Integration into a common framework of analysis

Roadmaps on policy, business and technology

New
opplications
& systems

CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY

RESEARCH

Scientificdissemination (UiO)

* Education, conferences, dissemination

* Collaboration with other Centers and programs
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BN BN D—
NORWEGIAN FUEL CELL
AND HYDROGEN CENTRE

Open Access Infrastructure
Fuel Cells and Electrolysers

www.nfch.no

®NTNU SINTEF IF2
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I BN D——
NORWEGIAN FUEL CELL

Background AND HYDROGEN CENTFE

A

The Research Council
of Norway

‘Norwegian. Roadpa@p for
Research Infras:cru&hre 2016

L Ll,j"m, _

Tools for Research
—Part |l
Part of national Fund.mg el Establishment .
infra-roadmapiin establishment Operating phase
phase received 2017-2026
2015 2016
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I BN D——
NORWEGIAN FUEL CELL

Centre structure AND HYDROGEN CENTFE

LT fuel cell & electrolyser lab <
(SINTEF, NTNU): S .

e

.
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ruel cenl ana eiectrolyser system (SINTEF):
integration lab (IFE):

HT fuel cell & electrolyser lab
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IFE Hynor Hydrogen Technology Center

(formerly Hynor Lillestrgm)

IFE Hynor infrastructure (2010 — 2015)

- Biogas supply system: 15 Nm3/h (CH,)

Hydrogen supply system: 10 Nm?3/h

H,-storage (40 kg) & H,-compressors (1-700 bar)
Process air supply & water cooling systems (80 kW,,)
SOFC power conditioning system: 20 kW
Grid-connected PV/UPS 350 VDC mini-grid: 20 kW

A Hynor
Lillestrem

V—]AKERSHUS Royds HYSTORSYS FFI::oor;i\::r:Ztssmsmun ZEG Power

uuuuuuuuuuuuuuu Register

- Energi ® LILLESTROM . 3

Akershus IFQ fKUNNSKAPSBYEN ~*KJELLER oo

* New infrastructure (2016 —)
* Norwegian Fuel Cell and Hydrogen Centre - Systems Laboratory
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N BN ——
NORWEGIAN FUEL CELL
AND HYDROGEN CENTRE

FUEL CELL & ELECTROLYSER SYSTEMS

N-FCH Centre — Systems Laboratory

1. Hybrid Fuel Cell, Electrolyser and Battery system
a. 20kwW PEM FC

b. 30 kW High pressure PEM Electrolyser
100 kW Battery

2. Gas supply and monitoring system

a. Gas mixing cabinet (to emulate reformate gas mixtures for HRS and FC)
b. Mass spectrometry

c. Gas chromatography
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N BN ——
NORWEGIAN FUEL CELL
AND HYDROGEN CENTRE

FUEL CELL & ELECTROLYSER SYSTEMS

Electrical System — Hybridization with Batteries

AC-DC bi-directional

35 kw
Step-down
converter

Control system converter
DT I
4 : 15-450 Ve
: 0-300 A
: DC bus
....... i...'.‘."""."‘."-'."’."...'...’.‘."‘"'.".."."’."...'...".1
:
— 80 kw — 20 kw —
i Bi-directional T Step-up
= | converter = | converter —
9-20 kW stacks
Li-ion battery 30-250 Vpe| PEM FC FC BOP Electrolyser
0-600 A
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N BN ——
NORWEGIAN FUEL CELL
AND HYDROGEN CENTRE

FUEL CELL & ELECTROLYSER SYSTEMS

N-FCH Centre — Systems Laboratory

- MOZEES Research topics:

« Advanced fuel cell control systems
- Battery performance and lifetime testing and modeling

« Combine battery and fuel cell degradation models to enable

optimization of system design




Hydrogen for Transport
Research & Development — Demonstration & Innovation

Mobile
Applications

Hydrogen
&

Fuel Cells

Maritime
Applications

Supply Ship (Eidesvik)
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H2-ship Feasibility Study (2014)

Hydrogen as Fuel for Ships — From Renewable Energy
to Zero Emission Propulsion

* Project Partners:

Procy

5
52 TWN  Norwegian Centres of Expertise

"
*,..## NCE Maritime CleaniTech

-

 Ship design: NCE Maritime CleanTech £ Wae Progelaton
Wave Propulsion AS -
Hordaland Maritime Miljgselskap AS 4‘ BRODRENE A4
» Ship building: Brgdrene Aa 24
» Ship operation: L. Rgdne og sgnner AS
Eidesvik Offshore ASA Eidesvik
- Ship power systems: Westcon Power and Automation AS \NESTLON
Wartsila Norway AS __ C )
) WARTSILA
* Energy supply: SKL Produksjon AS
el _ ) SKL\\,
* Fuel Cell systems: CMR Prototec CMIr Prototech
* Hydrogen systems: Institute for Energy Technology IFQ
-
» Funding: Partners & Transnova (now Enova) 27 transnova
20
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H2-ship Feasibility Study (2014)
Scope of Work

« Regulatory issues for use of Hydrogen & Fuel Cells in ships

* Preliminary Design & Costing of a Hydrogen Fuel Cell Passenger Ferry

— Demonstration Project (short-term perspective)

 Case Study: H,-production & supply to a Fuel Cell Ship

— Business Case for a supply ship (long-term perspective)
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H2-Production & Supply to a Fuel Cell Ship

Case Study: Water Electrolysis + Liguefaction

Y ]
AL -
it - g

Hydrogen Liquefaction Fuel Cell Ship (10 MW,))

IF2



Techno-Economic H2 Production Simulator
Data based on Standard Industrial H2 Technology

Water Electrolyzer + Liquid Hydrogen Plant

Transformer

Electricity
Grid

Electricity

Il

Rectifier Al | ' Al —
Demister | L Deoxidizer

Separator H, }Cooling i i

832.3 [kW]

er 12500 [kg]

A226 (kW] Dry
N | Liquid LH,-supply
L i - i@ >g'_’ Hydrogen ~ ———® _’% i)
== Plant
Water Cryogenic

Electrolyzer Cooling 7 Cooling

H, Compressor —J LH,-storage LH, Pump

Cryogenic Cooling

| B w/Liquid Nitrogen

IF2



H2-infrastructure for FC Supply Ship

Design & Assumptions

Overall System Design

« Average daily H,-consumption:
Alkaline Water Electrolyzer:
LH,-production:

LH,-storage:

LH,-pump:

Main Assumptions
« Power demand water electrolysis:
Power demand overall LH,-plant:

Electricity costs:
O&M costs:
Life time & interest rate:

1800 kg/day

850 Nm3/h 4.2 MW
850 Nm3/h 0.9 MW
12 500 kg

175 000 liter/n 0.8 MW

4.9 kWh/Nm3
1.1 KWh/Nm3

0.5 NOK/kWh (8 JPY/kWh)
4% of Annual CAPEX
n =20 years, i =5%
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H2-infrastructure for FC Supply Ship

Main Results

» Capital Costs (CAPEX). 112 MNOK
- Water Electrolyzer: 36 MNOK
* LH,-production: 51 MNOK
* LH,-storage: 14 MNOK
* LH,-pump: 10 MNOK
« Annual Costs: 32 MNOK/year
« CAPEX: 9 MNOK/year
« OPEX (mainly electricity): 23 MNOK/year
* Hydrogen Cost: 50 NOK/kg

32%
46%
13%
9%

28%
2%
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Business Case for a FC Supply Ship?

LH,-production costs normalized wrt. FC power on ship

4.0
1 LNG cost (max)
m LNG cost (min)
3.0 m CAPEX Liquefaction
m CAPEX Electrolyzer
NOK M OPEX
per 2.0 W Electricity Fees
M Electricity Cost
kWh
1.0
0.0
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Thank you for your attention!

Fredrik Gundersen Aarskog
Research Scientist

Institute for Energy Technology
2027 Kjeller, Norway
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