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Physical Properties of Hydrogen

Density (gaseous)

Density (liquid)

Boiling point

Energy per unit of mass (LHV)
Energy density (ambient cond., LHV)
Specific energy (liquefied, LHV)
Flame velocity

Ignition range

Autoignition temperature

Ignition energy

Notes: cm/s=centimetre per second; kg/m?®=kilograms per cubic metre; LHV=Ilower heating value; MJ=megajoule; MJ/kg=megajoules

per kilogram; MJ/L megajoules per litre.

0.089 kg/m* (0°C, 1 bar)

70.79 kg/m?* (-253°C, 1 bar)

-252.76°C, 1 bar)

120.1 MJ/kg

0.01 MJ/L

8.5 MJ/L

346 cm/s

4-77% in air by volume
585°C

0.02 MJ
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1/10 of natural gas

1/6 of natural gas

90°C below LNG

3x that of gasoline

1/3 of natural gas

1/3 of LNG

8x methane

6x wider than methane
220°C for gasoline

1/10 of methane
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Hydrogen Great Potential IF[FIE
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Relative interest in Hydrogen from
Google Trends
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Standards Affecting H, Applications are Industry
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Conventional Storage
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Generation
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Infrastructure
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Power generation

and storage

Hydrogen Great Potential

H2 as fuel for
transportation

H2 as feedstock
for industry

H2 as energy
source for industry
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Gas for heating
buildings

Power generation

Public refueling
station

Ammonia production

Gas burning

Gas for heating
and buildings

Power storage (backup
power)

Industrial refueling
station

DRI' production

Heating and drying

Power trading

' Direct reduction in iron (DR1)

Oil refining
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Hydrogen Great Potential

CHEMICALS
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Refineries use hydrogen to remove Coal can be replaced by clean hydrogen in In the chemical industry, hydrogen is

impurities and upgrade heavy oil fractions  the production of steel in a process that is ~currently used as feedstock to produce

into lighter products. almost emissions-free in a 6 d i reduced ammonia, which is used mainly in
i r on mgDRi) progcéss fertiliser production.

ROAD TRANSPORT MARITIME |

& AVIATION W

e Z :‘A - _ B ey

Hydrogen and hydrogen-derived fuels are August 2022 saw the deployment of the
role in first hydrogen fuel cell-powered train fleet

Hydrogen-powered fuel cells are attractive

options for long-haul road freight transport. also expected to play a key _ :
decarbonising the hard-to-abate maritime and in Lower Saxony in Germany.

aviation sectors.
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Hydrogen Great Potential

(b)

120/210

244 g,
2013

Battery chargers using fuel-cell technology.

a. Minipukk, from Horizon, 2W/14 Wh, 214 cm3,
» without/with
g http://www.horizonfuelcell.com, 4 Jan 2013.
M b. Powertrekk from MyFC, 5W/4 Wh, 380 cm3,
http://www.powertrekk.com, 4 Jan
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Hydrogen Great Potential Iﬂ{E
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Fuel Cell Electric Vehicle

650G km of Driving range
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https://www.afcenergy.com/
https://fuelcellsworks.com/news/nexus-e-gmbh-fuel-cell-quick-charging-stations-for-battery-powered-vehicles/

oth
" Pesawat Hydrogen

Drone Hyd rogen BRI N Penerbangan +Industri penerbangan Israel (IAl) terlibat bersama dengan

R&D Eropa dalam proyek penelitian pesawat berbahan

UAV atau drone berteknologi fuel cell Berbaha n Bakar H 2 bakar H2 atau disebut konsorsium ENFICA-FC. Saat ni masih

tahap pengembangan
Fuel Cell 8BOOW Penerbangan berbasis fuel cell Konsorsium
o

. : +Tiga tipologi pesawat H2 yang berbeda yang telah diinvestigasidi antaranya:
pPearSaant]ZhdL: r:jlzj?]:aGi(g Irlj)anre dbaenrtdel g?gg :ik'gl r(())lge(:']n (1) Taksi Udara (EVEKTOR-Industri penerbangan di Ceko)

(2) Komuter Kecil (EVEKTOR)
MMC, sebuah perusahaan pengembang (3) Jet Regional (IAl)
drone.
*Bisa diaplikasi di berbagai bidang seperti
pertanian, militer, broadcast TV, pengiriman
jarak jauh, pemetaan
*Beberapa keunggulan yang bisa ditawarkan
(1) Waktu terbang menjadi lebih lama
(2) Ramah lingkungan
(3) Jangkauan yang luas
(4) Pengisian bahan bakar yang cepat oo

10 passengers

Tubing, Pumps, valves etc.

Our Vision:
Renewably-Powered
Hydrogen-Electric Aviation

-Awal 2022, penumpang dapat naik taksi air

I AXI AI R Rotterdam yang menggunakan hidrogen (Fuel

Cell).

I IYD ROG E N -Ini akan menjadi pertama kalinya di dunia dalam
skala ini bahwa kapal komersial beroperasi
sepenuhnya dengan bahan bakar zero-emisi.

-Taksi hidrogen-air ini sedang dikembangkan oleh
konsorsium SWIM. & Zero Emission

Long range, Lower costs




Technology Readiness Levels of Hydrogen 'ﬂﬂE
Applications

Hydrogen Energy
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Industrial linkages of the green hydrogen economy
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Hydrogen Production Category

Hydrogen

H

1

Fossil Fuel

Hydrogen

Water Electrolysis

_ : - - - Biomass Water
%) g mi ‘h ﬁ! Process | Splitting
i Autothermal i
droarbon S e Reorming o
Biological Thermochemica

e} £z

Pyrolysis

WVHQ H, ,..-..

Dark Photo
Fermentation Fermentation

Gasification Combustion

Liquefaction

Biophotolysis

The difference between green hydrogen and blue hydrogen [WWW Document], n.d. . PetrofactddRbwvww.petrofac.com/media/storiesanebpinion/the-differencebetweengreerthydrogenandblue-hydrogen/ (accessed 12.6.22).
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https://www.petrofac.com/media/storiesand-opinion/the-difference-between-green-hydrogen-and-blue-hydrogen/

Hydrogen production by technology in 2022 IFISIE

(Disclaimer: This is a work reproduced under the terms of the IEA. CC BY 4.0. license [41] Copyright 2023, IEA) e !

By-product
15Mit

Fossil fuels w/CCUS
0.6Mt

IFHE Indonesia Fuel Cell Hydrogen Energy 14



Global Usage of Hydrogen [3H[3

Indonesia Fuel Cell
Hydrogen Energy

Methanol

Other

Ammonia

Refining

Zakkour/Cook 2010; own diagram
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Hydrogen demand and production in 2021 and 2030
@ HYDROGEN DEMAND 2021 @ HYDROGEN PRODUCTION 2021 @ HYDROGEN PRODUCTION 2030
Iron & Steel Others Electrolysis

Electrolysis Fossil fuels

Refining

Natural gas

Fossil fuels
with CCUs
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Evolution of hydrogen demand from 1990 to 2030.
Grey, green, and red colors represent past, current,
and future estimates, respectively.
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CARBON FOOTPRINT COMPARISON (2021)

Coal o

] )

11.4
SMR & o
CCUs 4.7

Electrolysis

SMR

1.8
Natural

Hydrogen

<1

0 10 20 30
CO, emissions per H, produced (Kg CO, - (Kg H,)")

Carbon footprint for H, production processes
(2021)
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Energy Structure in Nusantara S5 IFLIE

Energy Infrastructure

100% of IKN's annual electricity needs are The city-scale gas energy supply at K-IKN will
supplied by renewable power plants such as solar be supplied through the three-city gas

farms and rooftop solar panels. IKN wil be network. Gas will be distributed through
connected to the Kalimantan Electricity System based  ynderground gas pipelines

on renewable energy. IKN will take the required supply

from the Kalimantan Electricity System.

The energy supply strategy is designed to meet the net-zero
emission target in the KPI.

ELECTRICITY
» Gas-insulated substation (GIS) with underground cable (UGC)
transmission.

- Substations will be distributed to all KIKN and KPIKN, close to ﬁ"“,;”,;,“ coin
locations where there is a load demand for electricity. wram | —
. o o Klaster 3
Implement the smart-grid system. @ ikvwitbe 0 A > [ 2038-2045
Supplementary supplied through the
GAS ( W) —“ gas network of three 0
« City-scale gas is planned to be able to support the fulfillment of wmsei o e 80%
energy needs for households, offices, commercial, services, B oy Hydrogen
and other facilities. ; f$_—'@
From the results of the study conducted, the options for the city 'Vm, I Houig -
gas supply system to be considered are hydrogen gas and ,t\
natural gas. P ¥ = bl
Solar farms are needed to support hydrogen production for the t ) ML " oz ——wodll s
city's gas needs by 2045. =l T P i :
B\j- _G.mmldmolm a3 :
Hydrogen Existing settlement 11
Relevant KPIs , : o | al i
The installation of renewable energy capacity will meet | ez vl
100% of IKN's energy needs | M
4. Low Carbon @ 60% energy savings for energy conservation in l E“"”E_Y [rthe KN trinsport SyBiem 2020-2038
anissions buildings ! (/ ’ \) & (/ H\\ » Net.Ze?ro 20% 80%
(@ @ Net zero-emission for IKN (when operating) in I \7 4 - S Hydrogen  Natural Gas
2045 in the area of 256K Ha l SourceBappenas

IFHE Indonesia Fuel Cell Hydrogen Energy 18



S5 IFFE

Ind ia Fuel Cell
On Progress BRIN ‘ot

-\"D National Roadmap of Hydrogen and Ammonia

= Penjelasan mengenai rencana aksi terperinci, serta target pengembangan @ @GGGI .
hidrogen hingga tahun 2060.

2} Feasibility Study of Green Hydrogen Supply Chain
drogen Strategy | *=* (Upstream and Downstream) ©® IFIE

;e Th * Kajian detail dan panduan pemanfaatan hidrogen di sektor transportasi secara
g e AN is

e

lebih rinci untuk persiapan pilot project hidrogen di DKI Jakarta.

b document ®* pPemilihan kendaraan untuk uji coba hid di wilayah ini
. g . ji coba hidrogen di wilayah DKI Jakarta saat ini
Strul:leg! Hldll' A BUES described masih dalam evaluasi. Target pilot project adalah Transjakarta, kendaraan
i asiona conditions, perusahaan ekspedisi, kendaraan Pertamina, atau kendaraan pribadi.
foresight and
- ] [ ] .‘
purpose of (2) National Standard and Technical Committee ® E-F?N IF[TIE
d;:'fe:nent ~~ 35Nl akan dikembangkan di tahun 2024: Komite Teknis telah diusulkan kepada . S ¥
) Pme * Spesifikasi bahan bakar Badan Standardisasi Nasional (BSN) Ve L -
31N |nanE5|3. L ] Safet}r Llntuk dibEﬂtUk —— :_.-
Soon to be ®*  Persyaratan umum untuk HRS . 93 *| 3 b
IHI.I"EhEd b"l||' . . . GRIKINED V-4
Ministry of - 4) Trading Regulation
Energy and Sw® & Kementerian ESDM saat ini sedang mempersiapkan revisi Peraturan Pemerintah
N Mineral No. 14/2012 dengan penambahan pasal-pasal yang terkait dengan pembelian @ &llih ‘ﬁ-
Resources. listrik dari energi baru untuk mengakomodasi pembelian listrik dari Pembangkit e SAET

Listrik Tenaga Hidrogen.

® |zin dan Lisensi Bisnis Hidrogen sedang dalam tahap pembahasan (tahap awal

identifikasi awal untuk izin yang diperlukan dan kode Klasifikasi Baku Lapangan
Usaha Indonesia/KBLI)

IFHE Indonesia Fuel Cell Hydrogen Energy 19



INDONESIA HYDROGEN ROADMAP IFf3IE

Hydrogen Energy

ISBN 987623-09-4851-0

3-09-4851-0

978-62:

786230 " 948510

The Current Energy Landscape in Indonesia
Hydrogen Potential in Indonesia

Policy and Regulatory Framework

Research and Innovation

Hydrogen Adoption Scenario

Infrastructure Development ' A -
International Collaboration * INDONESIA

& Hydrogen Supply Chain Development Cb HIDROGEN ROADMAP

Hydrogen Implementation and Utilization Plan = oR BRIN
— oy

IFHE Indonesia Fuel Cell Hydrogen Energy 20



o
oy

- - - @ -
Possible H2 Application Roadmap in Indonesia BRIN
v a4 v L4
Immediate next steps Early adoption Infrastructure building Diversification and
A 4'}/ y (~2025) (2031-2040) (Initialization of hydrogen economy) broad rollout
Ny 3 o
< \J} < Engineering o L_® o PoH2P
7N analysis and pilot NH,-coal e ks Concentrated Power to H.,
di co-firing (electricity and H,) power plant H, to power
Power generation e NG FapisaieE = 8 S o 2
and grid Hydrogen to NH, Ancliaty Distributed ‘ NG, )
J : ‘ - i stribute
balancing demo:preject o, services istributed power &L
> Material handling / = ..,
% {g‘*l s ﬁ - ﬂ e N AircraN-
Pilot Project "&p Adoption Hydrogen Light commercial Heavy ; Y‘& =
. ' station infrastructure vehicles vehicles ~ Commercial Ships i
Transportation Hvdkfogen , g T— H:gt?g:“ Rail e
Light demonstraton e a a— Combustion
Industrial Soviacdis Blue and Green _ _
Fuel demonstration, green H2 and NH3 for R High-grade Partial
% 2 indiasiian Export wnd industrial heat / steelmaking
~_I steam production Steelmaking and
- J1 PartialGreen P8, Partial Green A, Green Oleochemical, pihec haavy Indusitoe
Chemical @ Ammonia . F' Fertilizer/Ammonia { * Fertilizer Ammonia I GCreen
= Industries | — Industries ¥ Fertilizer/Ammonia
Industrial Industries
- {3 o = -
i - e, == |
Portable FC and - Gas-grid (local and
Residential electrolyzer, domestic grids) Small-scale combined
S FC-based mini Green residential in heat and power
and buildings it i - P

IFHE Indonesia

Fuel Cell Hydrogen Energy
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The Color of Hydrogen
G- 'F“‘*

Solar Wind
L

‘ﬁ H

1]1[HH !

Hydro Geothermal |

Renewable resources

|Green hydrogen .

Biomass

Pinkfred/purple
hydrogen

MNuclear.

Fermentation

Turguoise

A
hydrogen ‘—u CHy4

lue h
Blue hydrogen Matural gas

i

Grey hydrogen

<O

P]rru'lysii. _____ |
_1'__

- e “L__:}o

P : . ccsiccu

v

Brown/hblack
hydrogen ﬁ
Coal

| CHy |
g

Steam methane reformation (SMR)

Z=]

Gasification
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How Much CO, is emitted when Producing 1 kg Hydrogen? IFiyE

Hydrogen Energy

——
.—,‘_‘(—‘.—
—
I I AR R R

RENEWABLE

NATURAL GAS NUCLEAR POWERM MAINS POWER ENERGY

-
N

STEAM g
GASIFICATION SEEORNA ! » ELECTROLYSIS =0

.H

METHANE PYROLYSIS

*blue hydrogen gas (capture rate 93%): 1.5-6.2 kgCO;eq
blue hydrogen coal (capture rate 93%): 2.6—-6.3 kgCO;eq
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Production Cost and Water Usage for 1 kg hydrogen IFiyE

Hydrogen Energy

grey ] yellow
hydrogen hydrogen h ydrog _ hydrogen

- ®O0

Cesomen s samn ] e zomn Jo s sonar o comn I wane I o
o Cor mnen (o e I o smen Jo s Jawnan I oane I o omen )

* blue hydrogen gas (capture rate 93%): 1.5-3.1 I/kg H: ** blue hydrogen gas (capture rate 93%): 13-18 kgCO,eq
blue hydrogen coal (capture rate 93%) 1.7-3.2 I/kg H; blue hydrogen coal (capture rate 93%): 41-86 kgC0Ojeq

Waurbs, Sven/ Stocker, Philipp/ Gierds, Jorn/ Stemmler, Christoph/ Fischedick, Manfred/ Henning, Hans-Martin/ Matthies, Ellen/ Pittel,

Karen/Renn, Jiirgen/ Sauer, Dirk Uwe/ Spiecker genannt D6hmann, Indra: “How Important Will Hydrogen be in the Energy System of the
Future?” (In a Nutshell!), Series on “Energy Systems of the Future” (ESYS), 2024, DOI: https://doi. org/10.48669/esys 2024-7.

IFHE Indonesia Fuel Cell Hydrogen Energy



Hydrogen Production Category [§H

Indonesia Fuel Cell
Hydrogen Energy

2% Q -L\ ar—a, :A
% ‘L_._L—EE > ¥ === i) —»@—fﬁ]“ @@
PV WIND BATTERY ELECTRlOLYSER mEEN cpémeesg?z)DN
OXYGEN
@ S 1]
> et m———
m REFORMER @
ccus

Hyundai Launches World’s
Largest Waste-To-Hydrogen
oy 3 Plant To Produce 30,000

o 4 {

= \Ya% Tons Of Hydrogen In A Year
G Same production process as blue : Electrolysis with nuclear : Electrolysis with solar

5 hydrogen with CO, released into the air. ' energy as the source. H power as the only source.

The difference between green hydrogen and blue hydrogen [WWW Document], n.d. . PetrofddtddRhwww.petrofac.com/media/storiesanebpinion/the-differencebetweengreenhydrogenrandblue-hydrogen/ (accessed 12.6.22).
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https://www.petrofac.com/media/storiesand-opinion/the-difference-between-green-hydrogen-and-blue-hydrogen/

Electrolysis Technology Comparison

- Keuntungan dan Kerugian dari Beberapa Teknologi Elektrolisis

Electrolysis technology

Advantages

Disadvantages

Alkaline water
electrolysis

« Well established Technology

o Commercialized for industrial applications

« Noble metal-free electrocatalysts
« Relatively low cost
o Long-term stability

« Limited current densities

¢ Crossover of the gasses

e High concentrated (5M KOH) liquid
electrolyte

AEM water electrolysis

« Noble metal-free electrocatalysts
« Low concentrated (1M KOH) liquid
electrolyte.

e Limited stability
e Under development

PEM water electrolysis

« Commercialized technology

« Operates higher current densities
o High purity of the gases

+ Compact system design

& Quick response

« Cost of the cell components
« Noble metal electrocatalysts
e Acidic electrolyte

Solid oxide water
electrolysis

o High working temperature
+ High efficiency

e Limited stability
o Under development

IFHE Indonesia Fuel Cell Hydrogen Energy

IFiz|E

Indonesia Fuel Cell
Hydrogen Energy

Saat ini, perkembangan teknologi elektrolisis
terfokus kepada bagaimana mengatasi beberapa
tantangan seperti sebagai berikut:

A Memenuhi target biaya hidrogen bersih
sebesar $1/kg H, pada tahun 2030 (dan
target sementara $2/kg H, pada tahun 2025)
melalui pemahaman yang lebih baik tentang
pertukaran kinerja, biaya, dan daya tahan
sistem electrolyzer di bawah prediksi mode
operasi dinamis masa depan menggunakan
listrik bebas CO,;

A Mengurangi biaya modal unit electrolyzer dan
keseimbangan sistem,;

A Meningkatkan  efisiensi  energi  untuk
mengubah listrik menjadi hidrogen pada
berbagai kondisi pengoperasian;

A Meningkatkan pemahaman tentang sel
electrolyzer dan proses degradasi tumpukan
dan mengembangkan strategi mitigasi untuk
meningkatkan umur operasional.

26



Electrolysis Technology Comparison

EIGA Doc 251, JA LI POST 13/10/2024

Proton Exchange
Membrane water
electrolysis (PEM)

Solid (membrane PFSA)

Alkaline Water
Electrolysis (AEL)

Liquid (20-30% KOH
solution)

Anion-Exchange
membrane water
electrolysis (AEM)

Solid (Membrane)

IFiz|E

Indonesia Fuel Cell
Hydrogen Energy

Solid Oxide Electrolysis
Cell (SOEC)

Solid (solid oxide, YZS)

Platinum Group Metal
Catalysts
(e.g. Platinum, Iridium)

Non noble catalysts,
Nickel coated perforated
steel

Nickel and Ni-alloys

Nickel on solid oxide, rare
earth compounds

50-80°C

70-90°C

40-60°C

500-850°C

Cell stacks expensive
Cheaper installation due to
compact stack design

Cell stacks cheaper
installation cost higher
due to larger footprint

Cell stacks very expensive
demanding steam
treatment system

47-66 kWh/kg Hydrogen

47-66 kWh/kg Hydrogen

47-66 kWh/kg Hydrogen

35-50 kWh/kg Hydrogen

Mature for small scale

Most mature technology

Demonstration for small
scale

Demonstration

Compact Design, ideal for
containerized solutions,
high dynamic operation

Low-cost materials,
large stacks available
for plant scale up

Low-cost materials,
Potential high dynamic
operation capability

High efficiency with thermal
integration

High costs of stacks Larger
PEM stacks not yet
available

Larger footprint
Corrosive liquid
electrolyte (lye handling)

Lifetime and scale-up
need to be improved

Lifetimes need to be
improved. High quality
steam required

IFHE Indonesia Fuel Cell Hydrogen Energy
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Main electrolyser characteristics

Current| 20304

Efficiency kWh/Nm?

Stack lifetime hours

Time to reach

Flexibility i .
nominal capacity

Pressure bar

Commercial

status

* Predictions based on manufacturer indications, literature or FCH JU targets.

Alkaline

4743

80,000(100,000

Minutes

Atm.

Available

# Efficiency of SOE assumes external heat is provided.
© Hotsystemin laboratory, unknown for commercial systems. Cold systems require start up times of hours if not more.

IFHE Indonesia Fuel Cell Hydrogen Energy

Pressurized
Alkaline

4743

80,000]100,000

<10s

<40 <70

Available

PEM

48|45

50,000|=80,000

<1s

<40 | <70

Available

SOE

3.63.38

20,000|=20,000

<1sC

atm. | <20

Available
2022-2024

AEM

4.8 (stack only)

5,000

<1s

<35

Under
development

|§H

E

Indonesia Fuel Cell
Hydrogen Energy
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Levelized Cost of Energy (LCOE) IFI>IE

Hydrogen Energy

Proyeksi biaya penerapan teknologi hidrogen tipe grey, blue, dan green (alkaline dan PEM)

USD/kg H, 2018 2030 2050
4.5 - o ﬁ
4.0 »Q
D, hI =] =
= & o o
3.0 - f 2
=
2.9- e e
2.0 = i “
| =,
1.5 I ] s 9
1.0 o
H
0.5 -
0.0
G Bl G Green G Bl Green G Gray Blue Green Green
= ue {AT%I (PEM) i ue {AL}{? (P’Efnr; (ALK) (PEM)
Renewable LCOE
(USD/MWh) 30-45 18-36 14-18

Y.Anouti SElborajRKombargiand RHageg a ¢ KS RIF gy 2F 3INBSYy KeRNRIASy:s¢ { (NMHuueadmwdgenmc OHNHNO® KAOGGLIEAYKKGSGDASE P2NBKNBLR2 NI akiKS
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Turnkey Containerized Products from Electrolyzer Manufacturers P
( A) Ne I 26MWIPEN, iB) Cummins 1-MW Alkaline, C) ARendering of En a p tAEM bW
Mul ti core, and (D) Sunfireds 720 kW SOEC

NEL HYDROGEN PEM ELECTROLYZERS
M series =l |
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1.25-2.5 MW solution —» »l

-

Larger

Installations
<+ 5-25 MW

solution
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Development stage

Electrolyte

Operating
temperature (°C)

Operating pressure (bar)

Typical current densities
today (A/cm2)

System energy
consumption (kWh/kg H)

Stack cost (2020 $/kW)

>1 GW deployed

Liquid: 25 - 40% KOH

70-90

Conventional:
atmospheric

Modern: up to 30 bar
(50 among startups)
04-1.0

50-78

270 - 450

IFHE Indonesia Fuel Cell Hydrogen Energy

>100 MW deployed

Solid: proton exchange

membrane (Nafion)

50-80

Up to 80
(350 among startups)

0.2-4.0

50-83

400 - 870

<10 MW deployed

Liquid-solid hybrid:
1% KOH/anion
exchange membrane

40 -80

Up to 35 with
potential for much
higher in the future

02-2.0

57 -69

200

>1 GW deployed
(fuel cell)

<10 MW deployed
(electrolyser)

Solid: ceramic —
zirconia or ceria based

500 -900

0 -2 bar

0.5-1.5

38 (with steam import)
48 (without steam import)

250 - 2,000

|§H

E
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Electrolyzer system cost
with BoP (2020 $/kW)

Stack lifetime
(full load hours)

Degradation
(% / 1000 hours)

Ramp up time hot idle
to nominal power

Cold ramp up time

Minimum load

800 -1,500

60,000 - 100,000

0.13

60s

30 — 60 minutes

10 - 40%
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1,400 - 2,100

50,000 - 90,000

0.25

10s

5 minutes

5-10%

3,333

5,000 - 40,000

0.4

30 minutes

20 minutes

10-20
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917 - 4,000

20,000 - 50,000

0.55-1%

10 minutes

>600 minutes

>3%

32



IFiz|E

Indonesia Fuel Cell
Hydrogen Energy

IFHE Indonesia Fuel Cell Hydrogen Energy 33



