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Agenda

1. Hydrogenics & water electrolysers
2. Actual and future costs of water electrolysers

3. Concluding remarks
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Leading Hydrogen TECHNOLOGY PROVIDER

Onsite Generation | Electrolysers Power Systems | Fuel Cell Modules

H,O + electricity = H, + % O, H, + % 0, 2 H,O + electricity

Industrial Hydrogen Hydrogen Fueling Stand-by Power Mobility Power
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Hydrogenics, a 100% global hydrogen company

Hydrogenics Corgﬁfﬁﬁg&l@:ﬁ' !*’I ) Hydrogenics Europe I I
= Headquarter b{%r = Qevel, Belgium

= Mississauga, Ontario, Canada S = Since 1987

= Since 1948 _,_.x.r’lw‘\, o = +/- 70 employees

_ = Areas of expertise: pressurized alkaline electrolysis,
2,

-~ *1_  hydrogen refueling stations, Power-to-Gas
= Previously: Vandenborre Hydrogen Systems

= +/- 70 employees
" Areas of expertise: Fuel cells, PEM electrolysis, Power-to-Gas
= Previously: The Electrolyser Company, Stuart Energy

= Gladbeck, Germany

= Since 2002

= +/- 15 employees

= Areas of expertise: Fuel cells, mobility projects,
Power-to-Gas

¥,
_—'_’ “i
(/“ AN
® |n total: +170 employees \ \ ® Production facility
= [ncorporated in 2000 [NASDAQ: HYGS; TSX: HYG] :'u—"_‘-‘\ _,f .,
= More than 3,000 products deployed in 100 countries worldwide K df'“' O Sales office
= Total revenues (2017): 48.1 Mio $
= Over 65 years of electrolysis leadership
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\ Selection of our key references

Electrolysis

700 bar Hydrogen Refueling Station 1,5 MW PEM P2G (direct 1 MW alkaline P2G (methanation)
Aberdeen, Scotland (UK) injection), Hamburg, Germany BIOCAT, Copenhagen, Denmark

BtD
o
O
o
S
i

Fuel cell for hwobility (H, buses), China

1 MW stationary Fuel cell (H, repowering) Fuel cell for mobility (H, trains)

Kolon, South-Korea Alstom Coradia iLint , Germany
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HySTAT™ 60 - alkaline electrolyser

l Fan Cooler

Hydrogen

Purifier
Hydrogen

Generator

Safe Zone




\ Extensive experience with alkaline technology (>30 years)
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World hydrogen market

Steam Methane Reforming INDUSTRY : protecting atmosphere (H,/N;), hardening of metals

Eloiil giass Metallurgy Semi-conductors But most (96%) of the hyd rogen
1 =) N produced today is not CO,-free
(from gas, oil, coal)

If produced from renewable
power via electrolysis, hydrogen
is fully renewable and CO,-free.

Renewable hydrogen has the
potential to decarbonize a large
range of applications

NB: 5 % is merchant hydrogen (free market),
onsite production represents 95%

Data source: The Hydrogen Economy, M. Ball 2009 & Esprit Associates 2014



HyLYZER® - PEM : key milestones @ Hydrogenics +15 MW

Test large stack Field test 1.5 MW electrolyser

2.5/3 MW cell stack
1! '

Small scale PEM electrolyser Dual cell stack design Multi MW design

HYDROGE)NICS 11
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\\ New benchmark in PEM electrolysis HyLYZER®-600

.3 MW cell stack from Hydrogenics for multi-MW projects

MW Scale Electrolyzer
Stack

3.0 MW industry benchmark

Reduction of Plant
Capital Costs

Achieved target system cost

Stack Efficiency
Improvements

Leading industry performance

HYDROGE)NICS
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Power Input: 3.0 MW Power Input: 1.5 MW
Hydrogen Output: 620 Nm3/h Hydrogen Output: 310 Nm3/h
Design Pressure: 40 bar Design Pressure: 40 bar
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Fast Response and
Dynamic Operation

Key IPR established

Very compact

Lowest footprint on the market

Reduced Maintenance

Limited and optimised

EU P2G Platform | Berlin (DE)| 19.06.2018



Alkaline & PEM electrolysis | Product’s line

Output pressure
Number of cell stacks
Nominal Hydrogen Flow
Nominal input power

- AC power consumption
¢ (utilities included, at nominal capacity)

Hydrogen flow range

Hydrogen purity

Tap water consumption
Footprint (in containers)

Footprint utilities (optional)

Alkaline PEM (Proton Exchange Membrane)

HySTAT®-15-10

1
15 Nm3/h

80 kW

40-100%

1x20ft

Incl.

HySTAT®-60-10
10 barg (27 barg optional)
: . :
60 Nm3/h

300 kW
5.0-5.4 kWh/Nm?

10-100%

99.998%

<1.7 liters / Nm3 H2
1x40ft

Incl.

HySTAT®-100-10

6

100 Nm3/h

500 kW

5-100%

02 < 2 ppm, N2 < 12 ppm (higher purities optional)

1x40ft

Incl.

HyLYZER® -300-30

1
300 Nm3/h

1.5 MW

02<2pq

1x40ft

1x20ft

HyLYZER® -1.000-30
30 barg
2
1.000 Nm?3/h

5 MW

5.0-5.4 kWh/Nm?

1-100%

99.998%
m, N2 < 12 ppm (higher purities

<1.4 liters / Nm3 H2
2 x40 ft

1x20ft

HyLYZER® -5.000-30

10

5.000 Nm?/h

25 MW

optional)

10x 40 ft

5x20ft
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Learnings from demonstration projects

* System cost is coming down
faster than expected

* System energy efficiency on track
to achieve objectives

* System responsiveness adequate
for ancillary grid services

* Maintenance cost trending
towards 1% of Capex

* Footprint PEM system adequate
for large-scale solutions

HYDROGE)NICS
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40’ power
container
20’ utilities

40’ process . container
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Renewable hydrogen

Selection of recent demonstration projects

Country

Electrolyser

Project technology

Ll Power

Norway Haeolus 2 MW + 100 kW FC 2018 PEM
+CO, | Germany MefCO2 1MW 2018 PEM .
Germany  WindGas Brunsbuttel 2.4 MW 2017 PEM .
Thailand  EGAT 1 MW + 300 kW FC 2017 PEM .
Canada Embridge P2G 2.4MW + 100 kW FC 2017 PEM .
Denmark  HyBalance 1.2 MW 2017 PEM . o
+CO, Denmark BioCat 1MW 2016 Alkaline .
+CO, | ltaly Ingrid 1MW + 100 kW FC 2016 Alkaline . . .
UK Aberdeen 1MW 2016 Alkaline o
Germany  WindGas Reitbrook 1.5 MW 2015 PEM .
Belgium DonQuichote 150 kW + 100 kW FC 2015 Alkaline + PEM | « °
+CO, | Germany WindGas Falkenhagen 2 MW 2014 Alkaline .

Main

conclusions from these projects:

= &R

Hydrogen technologies work fine and deliver according to expectations.

There is still room for further technical improvement but no technology breakthrough is expected.
There is a important potential for further cost reduction: going from project manufacturing to product manufacturing
Energy regulatory framework is no suited for these applications and business operation of these projects remains very challenging

HYDROG(E)NICS 16
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For more information on the economics,

B u SI ness Ca se D rive rs consult the Power-to-Gas Roadmap for Flanders:

www.power-to-gas.be/roadmap-study

Renewable
Credit:
Investor Bonus
Technology Push
N &
For good economics: low power price, high operating Market Pull

time and high value for end product are key ! IMEASUFES

~xx%

Service Income
(balancing)

Hydrogen Cost ~xx%

Feedstock
Income
(H,, O,, Heat)
Capex
~20%
\\ 2
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Agenda

1. Hydrogenics & water electrolysers
2. Actual and future costs of water electrolysers

3. Concluding remarks
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System boundaries for key performance indicators
and techno-economic analysis

Electrolyser system boundary for Covered in Techno Economic Not included
: in this study

Key Performance Indicators (KPI) Analysis (TEA)

Source: FCH-JU, Development of Water Electrolysis in the European Union, February 2014, http://www.fch.europa.eu/node/783
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http://www.fch.europa.eu/node/783

Efficiency = cost of electricity

Electrical energy input Electrical energy input
0 Alkaline electrolysis system PEM electrolysis system
Fw 8 B
s ~d_ g
g2 70 ~—=o g
!.- - e - - o ﬂ
£ 60 1 0 0 =
-
= 50 - - === — ~
=
T JR S S O -
HHV,, =
30
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
O Alkaline (all data) O PEM (all data)
Central case Central case
= = Range — — Range

Electricity input w
. Central 54 53 52 51 50
Alkaline 5
Range 50- 78 50- 73 49-67 48- 65 48- 63
kWh, /gy .
PEM Central 57 52 48 48 47
Range ? 50 - 83 47-73 44-61 44-57 44-53

() at system level, incl. power supply, system control, gas drying (purity at least 99.4%). Excl. external compression,
external purification and hydrogen storage
@ some outliers excluded from range
Source: FCH-JU, Development of Water Electrolysis in the European Union, February 2014, http://www.fch.europa.eu/node/783
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CAPEX - driver for high operating time

Capital cost for Alkaline systems

Capital cost for PEM systems

[EUR/KW] [EUR/KW]
3,000 3,000
2,500 2,500 a
2,000 2,000 u& <
1,500 1,500 SO~ <
1,000 - D= — _ 1,000 (CRy N el ettt
' = == <> =-=-=0 ’ T~
500 &, el 500 = ..____8
o 0 l
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
O Alkaline (all data) O PEM (all data)
Central case Central case
- = Range = = Range

System cost !

Alkal Central 1,100 930 630 610 580
aline
Range 1,000 - 1,200 760 - 1,100 370 - 900 370 - 850 370 - 800
EUR/KW
oEM Central 2,090 1,570 1,000 870 760
Range 1,860-2,320 | 1,200- 1,940 700 - 1,300 480- 1,270 250- 1,270

Dingl., power supply, system control, gas drying (purity above 99.4%). Excl. grid connection, external compression,
external purification and hydrogen storage

Source: FCH-JU, Development of Water Electrolysis in the European Union, February 2014, http://www.fch.europa.eu/node/783
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Relationship between cost and efficiency

First “MW” PEM Stack Measured Efficiency

Increase efficiency

Reduction of
operational cost (€/kg)

HYDROGE)NICS
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Increase current density = Reduction of capital cost (€/MW)
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Example: 1.5 MW PEM Electrolyser,
WindGas Reitbrook, Hamburg

EU P2G Platform | Berlin (DE)| 19.06.2018



Size effect, output pressure, lifetime, maintenance

Ikaline kW-scale
H2 nominal production capacity Nm3/h 60 300 300
Efficiency kWh/Nm?* Hz 52 5,1 5
Electrical power kW 312 1.530 1.560
Output pressure barg 10 60 60
Water consumption with R/O liter/ Nm?® Hz 1,3 1,3 1,3
Price € 624.000 1.836.000 1.029.600
Price/kW - SYSTEM €/kW 2.000 1.200 660
IOPEX €/kW/year 80 64 56
Expected cell stack expected lifetime hours 60.000 60.000 60.000
Cell stack cost / electrolyser cost 30% 30% 30%
PEM - MW scale
H2 nominal production capacity INm3/h 200 200 200
Efficiency kWh/Nm? Hz2 5,2 5,1 5
Electrical power kW 1.040 1.020 1.040
Output pressure barg 30 30 30
Water consumption with R/O liter/ Nm?® Hz 1,3 1,3 1,3
Price € 1.560.000 1.020.000 572.000
Price/kW - SYSTEM €/kwW 1.500 1.000 550
OPEX €/kW/year 60 48 42
Expected cell stack expected lifetime hours 40.000 50.000 60.000
Cell stack cost / electrolyser cost 40% 40% 40%
PEM - multi-MW scale
H2 nominal production capacity INm3/h 3120 3120 3120
Efficiency kWh/Nm? Hz2 5 4,9 4,8
Electrical power kW 15.600 15.288 15.600
Output pressure barg 30 30 30
Water consumption with R/O liter/ Nm?® Hz 1,3 1,3 1,3
Price € 15.600.000 10.701.600 6.006.000
Price/kW - SYSTEM €/kw 1.000 700 385
OPEX €/kwW/year 40 32 28
Expected cell stack expected lifetime hours 40.000 50.000 60.000
Cell stack cost / electrolyser cost 50% 50% 50%

HYDROGENICS

I POWER | ENERGIZE
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Power-to-Gas Roadmap for Flanders; Brussels, October
2016, http://www.power-to-gas.be/roadmap-study
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Cell stack replacement cost

Electrolyser price
2.500€

2.000€

1.500€
€/kw
1.000€

m2015
m2030

w2050
500€

0€

Alkaline kW-scale PEM - MW scale PEM - multi-MW

scale

Cell stack replacement cost

80
70

60 /
50 —

€/kw 40 7

30 ——2030

20 1 2050
10 -

o] T T T
0 2000 4000 6000

Operatings hours/year

—2015

8000 10000
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€/kw

cell stack replacement cost

\

I

~——

2010

= Alkaline kW-scale

2015 2020

2025 2030 2035 2040 2045 2050 2055

=—=PEM-MWscale = PEM - multi-MW scale

Cell stack replacement cost

= Seriesl

e Series?

Series3
— Sriesd

s SeriesS

Series

— Series?

— Series8

SeriesS
— 2015
- 2030

T e 2050
2000 3000 4000 5000 6000 7000  B0OOO 9000

Operating hours/year
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Power-to-Gas Roadmap for Flanders; Brussels,
October 2016
http://www.power-to-gas.be/roadmap-study
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IEA HIA Task 38 — Brief ‘Electrolysis: What are the investment
costs? State of the art and outlook’

@. ® iea hydrogen @&..,_1._:,

Task 38 Brief

Electrolysis: What are the investment costs? State of the art and
outlook.
Authors: Joris Proost, Sayed Saba, Martin Mller, Martin Robinius, Detlef Stolten

Topic: Power-to-Hydrogen is the first step of any PtX pathway. Beyond the cost of electricity, the investment
costs of the process weighs on the hydrogen production cost, especially at low load rates, which can be charac-
teristic of direct coupling with costs are in Task 38, in the Task Force
“Electrolyser data”.

10*
KEY FINDINGS
% :

For alkaline systems CAPEX
of 750 €/kW is reachable
today for a single stack of 2
MW.

CAPEX (Euro/kW)

¢ For PEM, such CAPEX
should become within
reach for 5 MW systems, i G
but currently still require i 3
the use of multi-stack sys- ;
tems. HEY] 1 10 100

o CAPEXvalue below 400€/ s Power input (MW)
el Fe 1 CAPEX dota —
‘power input. based on a single
for alkaline systems, but

ring 230 cells, 2.6m” size.
this will require further ponds to the use of mult-stack systems. [1]
upscaling up to 100 MW.

8§

2.13 MW conside-

PEM alkaline

@mnms (continued) \

.. Development of cost projections for alkaline
electrolyzer + Range of estimations in 1990s
for alkaline was between ~800

and ~2500 €0,/ kWyi.ouper

* Today's expectation for 2030 for
alkaline droped to ~700 to ~1000
s €207 KWy oupur-

+ Alkaline: Reductions more
R P moderate compared to PEM.

+ This can be explained with the
maturity of the alkaline technology

+ Range of estimations in 1990s
.4 ‘ for PEM was between ~300 and
~5000 €2017/kWysiv-outpun

+ Today's expectation for 2030 for

Key takeaways:

PEM droped to ~400 to ~1000
€aorrkWiney.outpu /

This work results from the analysis of data provided by the electrolyser manufacturers members of Task 38 [1],
and from the data published in the literature in the last 30 years [2].

Methodology

References
[1] 1. Proost, State-of-the-art CAPEX data for water electrolysers, and their impact on renewable hydrogen price settings, Euro-
pean Fuel Cell conference & exhibition (EFC17), Naples, Italy, December 12-15, 2017. Oral Communication.

[2] 5. M. Saba, M. Miller, M. Robinius, D. Stolten, tment costs of by cost the
past 30 years, Int J Hydrogen Energ 43(2018) 1209-1223.

Task 38 info:

m:mmmmmxmmwummwmmm
tions”, itisa

mwmmnmm@ukmmmam Elemlmvsuppivnnbetmlnd off-
§rid or mixed systems. “Hydrogen-to-X" implies that the hydrogen supply concerns a large portfolio of uses: transport natu-
ral gas grid, re-electrification through hydrogen turbines or fuel cells, general business of merchant hydrogen for energy or
industry, ancillary services or grid services.
memomecuvesovmraskaul/wwmeawmummnmdmvammmwwmu

Fig 3. Reduction in CAPEX upon use of malti-stack systems, both for PEM

(eft) and alkaline (right) clectrolysers.
Fig. APEX upon u both f
alkaline (right) electrolysers. (1]
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iif of existing legal
frameworks; and i to present business developers and polcy makers with general uidelines and recommendations that en-
hance hydrogen system deployment in energy markets. A final objective will be to develop hydrogen visibility as  key energy
carrier for
Over 50 experts from 17 countries are involved in this Task which is coordinated by the French CEA/I-tésé, supported by the
French ADEME. Participating IEA HIA ExCo Members are: Australia, Belgium, European Commission, France, Germany, Japan,
Netherlands, New Zealand, Norway, shell, Southern Company, Spain, Sweden, United Kingdom, and the United States.
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750 €/kW is reachable today
for atmospheric alkaline
electrolysers

750 €/kW seems achievable
today for multi-MW PEM
projects

Alkaline is very mature
technology

Cost reduction potential seems
higher with PEM technology
(beginning of the learning
curve)
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Agenda

1. Hydrogenics & water electrolysers
2. Actual and future costs of water electrolysers

3. Concluding remarks
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All time-related cost predictions for solar PV have been wrong, because market uptake
L and technology adoption happened much faster than forecasted !

600 ——— AR R Annms.a
= ® Actual T Q
T -0~ |[EA2016 --3- EIA2013 K2 '
O 500F .o IEA2015 -1- EIA2011 T
+ -0~ [EA 2014 EIA2010 O
2 -0~ |EA2013 o
= 400 IEA 2012 -|
© IEA 2011
0 -0 |[EA 2010
? 3001 -0 IEA2009 -
= -0~ |EA 2008 -I
1G] -0~ |EA 2006 R
£ 200f
i
8
g 100}
=
o
[ YTy Yy Y L i SN BN B B
2000 2005 2010 2015 2020 2025 2030
Year
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Projected intalled |
PV capital cost
6 (EIAIEO 2009) |
o
s o
~ Observed residential
ﬁ: 41 PV system price .
- (NREL 2017)
o
N
Observed utility
2 PV system price
(NREL 2017)
0....I....I....I....
2010 2015 2020 2025 2030
Year
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Experience curves can give a good indication, but such curves for
‘water electrolysis do not really exist yet...

Swanson's Law

100 10° 108 10® 10° 10* 10° 10° 10’

$200
$100

S

$10

$1 -
o
Bas

Average Module Price (2015 USD/Wp)

30.10 1 0 1 2 3 4 5 6 7
10~ 10 10 10 10 10 10 10 10
Cumulative Module Shipments, MWp
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\ Drivers for cost reduction

Market uptake = higher volumes = cost reduction
Improvement of the supply chain: more suppliers

Higher competition = lower margins = lower prices

Product standardization

Better products : quality, efficiency, higher pressure, lifetime...
Decrease the use of expensive raw material (catalysts)

Products will be more compact = less BOP, logistics, civil works

Synergies with PEM fuel cells (volumes are increasing rapidly there already). The
cost of PEM electrolyzers will benefit from this synergy (+/- same suppliers).

HYDROG(E)NICS 29 EU P2G Platform | Berlin (DE)| 19.06.2018
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\ Final comments

* Compare apples with apples: certainly not only CAPEX (€/kW)

*  What matters is the €/kg H2 production cost related to water electrolysis over the
entire project lifecycle (Total cost of ownership) which needs to consider at least:

HYDROGE)NICS 30
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Total investment (electrolyser + compression + storage + grid connection + civil works +
project costs)

Efficiency (incl. degradation)
Maintenance

Lifetime

Warranties

EU P2G Platform | Berlin (DE)| 19.06.2018



Thank you for your attention

F

We’'re Ready

Denis THOMAS | Renewable Hydrogen
EU Regulatory Affairs & Business Development Manager
Mobile: +32 479 909 129 | Email: dthomas@hydrogenics.com

HYDROG(E)NICS 31 EU P2G Platform | Berlin (DE)| 19.06.2018

SHIFT POWER | ENERGIZE YOUR WORLD |



Early business cases for H2 in energy storage
and more broadly power to H2 applications

1 oA 1 M

= e aueram T T 2025 @IS har T | 2017 @B0bM.T | 2025 @ 60 bar |
-

15% 10% 5% 0%

100% 100% 160% 200%

0 bar 15 bar 30 bar 60 bar

58 52 51 55 50 49 63 61 58 54 53 52
15 kg

20years

80000 90000 40000k 50000
0,13%/ 1000 h 0,11%/ 1000 h 0,25%/ 1000 h 0,20%/ 1000 h
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FCH-JU, Early business cases for H2 in energy storage and more broadly power to H2 applications,
June 2017, http://www.fch.europa.eu/publications/study-early-business-cases-h2-energy-storage-and-more-broadly-power-h2-applications
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Future cost and performance of water electrolysis:

“_An expert elicitation study

AEC

PEMEC

ble 1 — Main characteristics o , PEMEC and SOEC systems.

SOEC

Available online at www.sciencedirect.com et e of
. . HYDROGEN CEEED
ScienceDirect ENERGY .
athode
Anode
Current density (A cm )
Cell voltage (V)
WVoltage efficiency (%)
Cell area (m?)
Operating Temp. (*C)
Operating Pressure (bar)
Production Rate® (m%; h )
Stack energy® (KWh,, m*s)
System energy” (KWha m®s3)
Gas purity (%)
Lower dynamic range® (%)
System Response
Cold-start ime {min.)
Stack Lifetime (h)
Maturity
Capital Cost (€ kW ")

journal homepage: www.elsevier.com/locate/he

ELSEVIER

Future cost and performance of water electrolysis:
An expert elicitation study

W

0. Schmidt »°, A. Gambhir %, 1. Staffell b A.Hawkes <, ]. Nelson %, S. Few °

® Imperial College London, Grantham Institute — Climate Change and the Environment, Exhibition Road,
London, SW7 2AZ, UK

"Impermt College London, Centre for Environmental Policy, 13-15 Princes Gardens, London, SW7 2AZ, UK

< Imperial College London, Department of Chemical Engineering, Prince Consort Road, London, SW7 2AZ, UK

Aq. potassium hydroxide
(2040 i3 KOH) [8,32,33]
Ni, Ni-Mo alleys [9,32,33]
Ni, Ni-Co alloys [9,32,33]
0.2-04 [34]

1.8-2.4 [34]

6282 [34]

4.2-59 [34]
4566 [16]

2995 [32]

10 — 40 (33,34]
Seconds [33]

<60 [16]
60,000—90,000 [16]
Mature
10001200 [16]

Polymer membrane
(e.g. Nafion) [33,34]
Pt, Pt-Pd [34]

RuO,, Ir0; [34]
0.6-2.0 [34]

1.8-2.2 [34]

67-82 [34]

42-5.5[34]
4.2-6.6 [16]

99.99 [33]

0-10 [234]
Milliseconds [33]
<20 [16]
20,000-60,000 [15]
Commercial
18602320 [15]

¥ttria stabilised Zirconia
(vSZ) [37,38]

Ni/YSZ [37,38]
LSM/YSZ [37,38]
0.3-2.0(9,38]
0.7-15 [38]

<110 [33]

<0.01 [33]

650—1000 (37,38

<25 [33]

<40 [33]

»3.2 [33]

>3.7 (>4.7)ewh cnergy”
99.9%

=307

Seconds®

<60”

=10,000"
Demonstration®
%2000 [16]

® Where no reference is provided, data were derived during expert elicitations
" Perovskite-type lanthanum strontium manganese {Lag Sty ;MnOs).

¢ Refers to norm cubic meter of hydrogen (at standard conditions) and respective electrical energy consumption (kWhy, ) if applicable.
¢ Minimum operable hydrogen production rate relative to maximum specified production rate.
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Future cost and performance of water electrolysis:
An expert elicitation study
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Fig. 5 — Elicited expert estimates for 2020 and 2030 lifetime (in hours) as a function of R&D funding (1x, 2x, 10x). Data points
indicate 50th, uncerlainly bars 90th and 10th percznﬁ]e estimates. Expert C made estimates for AEC and PEMEC. Expert |
ero gap ions. Results d by and in is i

made estimates for AEC z

ExpertC  Expert) ExpertC  Expert®  ExpertG  Expertl
(Industry) ( (Industry) (Academic) (Industry) |
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estimates. 2016 reference values based on Table 1.
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Fig. 7 — Top: Relative share of identified innovations along technology (AEC, PEMEC, SOEC), impact (Capital Cost, Lifetime,
Efficiency) and innovation area (From darkest to lightest: Cell, Stack, System, Manufacturing, Supply Chain). No innovation
mentioned on stack-level for SOEC. Bottom: Absolute number of mentions of innovations along innovation areas and sub-
groups. Includes double-counting of same innovation if mentioned by different experts. Refer to Appendix Table G1 to G6
for detailed breakdown of innovations per technology.
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