Bedriftenes Mgteplass 2016

Nytt stremforbruk. Fra strem til hydrogen, en
ny lagringsmetode

Magnus Thomassen, SINTEF Materialer og Kjemi
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Oversikt

* Hvorfor hydrogen
* Litt om hydrogen fra elektrolyse

* Resultater fra forprosjekt. Vind-hydrogen pa
Raggovidda, Finnmark

* Veien videre
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Hydrogen
World H2 Production World H2 Consumption

B Natural Gas ® Qil m Coal Electrolysis B Ammonia production ®Refining ® Methanol production = Other uses

50 Millioner tonn pr ar
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Hvorfor hydrogen?
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Hvorfor hydrogen?
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Ranasfoss kraftverk, 15. april 2016

*  Mer effektiv og klimavennlig bruk av enerqi

 Neeringsutvikling og verdiskaping gjennom effektiv utnyttelse av Isnnsomme
fornybarressurser.
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Styrket forsyningssikkerhet
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Mer effektiv og klimavennlig bruk av energqi
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Today Future

- Heat network Electricity grid Liquid and gaseous fuels and feed-stocks T&D === Hydrogen
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Neeringsutvikling og verdiskaping gjennom effektiv
utnyttelse av Isnnsomme fornybarressurser.

Lannsom fornybarproduksjon
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Hydrogen fra elektrolyse
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Performance and efficiencies of water electrolysis

* Higher operating pressure 10,0
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Dagens elektrolysgrer

1.5 MW, MODEL 1500E

| Electrical Power Input 1.5 MW
. m‘ Hydrogen Output 285 Nm3/h
AI ka I IS k e | e kt ro Iyse - . { Max. Operating Pressure 40 bar (g)
I = B Dimensions L800xW550x1000mm
5 i} Certifications PED (97/23/EC)
L —NE R "ty s §

2 MW, 13.5m x4 m
VeIpr¢vd teknologl

PEM elektrolyse
1.5 MW, 0.8m x 0.55 m
Et par ar pa markedet
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Elektrolyse — en velprgvd og Norsk teknologi
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50 MW H, PLANT

12 000 Nm3/hour - 26 000 kg/day

More than 500 MW of H; plants EL
delivered since 1927 %
HYDROGEN
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Power to Gas Pilot Project
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H2 Filling Station

Power to Gas
in Planning
in Construction

™y in Operations

Sources: NOW/DENA
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H2 Filling Station
in Planning
in Construction

fg in Operations
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S I N T E F “"Pre-study, Hydrogen production based

on wind power from Raggovidda wind park”

Objective of Pre-study

* To assess the prospects of making a sustainable business case for
hydrogen production based on the vast wind energy resources at
Varangerhalvaya and especially in Berlevag.

e Sub-goals:
— To provide an overview of state of the art for relevant hydrogen technologies
— To estimate hydrogen cost based on wind energy in Finnmark

— To recommend a step-wise approach to realise increased exploitaion of the
regional wind potential in Finnmark.
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“Pre-study, Hydrogen production based
on wind power from Raggovidda wind park”
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Estimates for H,
delivered to market
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S I N T E F “Pre-study, Hydrogen production based

on wind power from Raggovidda wind park”

H, Cost Estimates from Raggovidda

» Key factors
— Production volume
— Annual operational hours of (L)H, plant
— Electricity cost, sensitivity 50 + 30 gre/kWh (7,5 + 4,5 Yen/kWh)
— Transport and distance to market

e Cost Estimates for 4 Cases:

— Pilot scale, domestic marked, 430 kg/day ~1 MW
— Small scale, export, 10 000 kg/day ~30 MW
— Raggo concession scale, export 50 000 kg/day ~155 MW
— Full scale, export, 770 000 kg/day  ~2 000 MW
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s I NTE F “Pre-study, Hydrogen production based v e

on wind power from Raggovidda wind park”

Pilot scale project 2016-2019
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|— d % 2-3 trucks/week T — Electricity

430 kg === Hydrogen

/day
* Continuous H,-production ~ 1 MW (~ 1000 FCEVs / 20 FC buses / boats)

* Obijective: Test and get acquainted to technology in smaller (down-sized) scale

* Assess export options (prerequisites for profitable scale-up)
* ldentify potential end-users of oxygen (O,) (Fish farming?)
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s I NTE F “Pre-study, Hydrogen production based v commenE

on wind power from Raggovidda wind park”

Small scale demo project (2020-2024)

K
E e ’.‘E
Domestic distribution

* Dynamic H,-production ~ 30 MW (25 000 FCEVs / 500 buses)
¢ Additional sales of O,,
* Assess distribution in regional p-grids for hydrogen(town gas)
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S I N T E F “Pre-study, Hydrogen production based
on wind power from Raggovidda wind park”
Full scale demo project (2025->)

Industry

H2 = El Other
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Domestic distribution

Full scale H,-produksjon / Dynamic operation /~ 2000 MW (3 million FCEVs)

* Use of hydrogen as fuel for transport, grid balancing and export
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S I N T E F “"Pre-study, Hydrogen production based

on wind power from Raggovidda wind park”

Cost estimates

™ 20 gre/kWh m 50 gre/kWh = 80 gre/kWh

Nozzle price in Oslo:
72 kr/kg + MVA

Pilot (1MW) Liten (30MW) Raggo (155MW) Stor (2 GW)
~ 8300 timer/ar ~6600 timer/ar ~4800 timer/ar ~4800 timer/ar
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S I N T E F “"Pre-study, Hydrogen production based

on wind power from Raggovidda wind park”

Plant annual operational hours

Average Hydrogen cost @ annual plant utilisation (%)
from at 50 gre/kWh (58,14€/MWHh)
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Pilot (1MW) Small (30MW)  Raggo (155MW)  Full (2 GW)
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S I N T E F “Pre-study, Hydrogen production based
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on wind power from Raggovidda wind park”

Cost distribution

Pilot scale, Cost share [NOK/kg]

@ 50¢re/kWh
3,3;4
% m CAPEX
B OPEX
Electricity
M Transport

SINTEF

Full scale, Cost share [NOK/kg]
@ 50 gre/kWh

B CAPEX
m OPEX

3,2;
7%

Electricity

31,4;
66 %

M Transport

0,7;
1%
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Konklusjoner

* H,- produksjon kan legge til rette for gkt utnyttelse av vindenergi

* Teknologi for H,-produksjon og eksport er tilgjengelig
— Norsk industri kan levere bade hydrogen og teknologi
* H, kostnader avhenger av flere faktorer

— Strgmkostnader og produksjonsvolum. Distanse til markedet.

* Markedet for H, som drivstoff, men ogsa som innsatsfaktor | industrien vil gke

— Hvor stort og hvor fort er den store usikkerheten.

61 000 t

30 000 t
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"Hyper" (Research Council, ENERGIX Programme)

* Project responsible: SINTEF Energy Research

* Competence building ("KPN") project co-funded by industry partners (2016—-2019, 20
MNOK budget)

* Large-scale hydrogen production and liquefaction in Norway
* Fossil (gas) and renewable primary energy sources

/\'
@ sINTEF @) e

Stat0|l
The Institute of Applied Energy

B4 Kawasaki .. Mitsubishi Corporation
BNTNU

Kunnskap for en bedre verden

/(t -

metnde cor | KRYOTECHNIK ‘ HYDROGEN
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Hyper project description (brief)

System under investigation in Hyper: Combining hydrogen production from fossil and
renewable energy.

Knowledge gaps to be closed in all aspects of the production system.

Natural Water

gas CCS Electrolysis EXcess

\ ‘ o i wind power
Natural gas H,

reforming storage

> < Fast fluctustions
Liquefaction
of H <« Excess
Constant H, flow 2 hudro Slow fAuctuations

l power

|_|2 for export — Electricity to/from the grid
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