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World Fossil CO2 emissions by sector
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CO3 emissions C0O> emissions per capita COz emissions per unit of GDP PPP )
Year Population
Mt COgfyr t COy/caplyr t COz/kUSD/yr
2021 37857576 4811 0282 7.869G
2020 35960674 4618 0283 7787G
2005 30161575 4614 0367 65376
1990 22717732 4264 0438 53286

t COzfcap; t COo/kUSD GDP



IEA Carbon Reduction Road Map in 2020-2070
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14.4% Transport

i 50 )

2022 2030 Member

—“ states can
choose
_14.5% @ at least
issions intensity 0
Sl 29%

share of renewable energy

>

Aviation and maritime
transport account for 14.4%
and 13.5% of EU transport
emissions, respectively.

13.5%

EU transport emissions 8 with at least
(based on latest available data from 2018) +5.5 /0 +1%
share of advanced f bis fucls of
biofuels and renewable olinbdacabiady
fuels of non-biological nonbalogical origin
origin combined ; (mpstly hydrogen)
e
2022 2030 2022 2025 2030 77}/ = = (7 L‘r}[',};ﬁ ffﬁj

> & SE(H] LIE DL T W fE D5 T i L 85 3
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i 25 SRR 2 RE (K 14.5%
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EX 228 Maritime New Regulation

o

The FuelEU maritime regulation ™" -
will oblige vessels above 5000 gross w - @ -
tonnes calling at European ports

(with exceptions such as fishing ships):

Vessels >5 000 of all ships of CO2
gross tonnes emissions from
the maritime
< to reduce the greenhouse sector

gas intensity of the energy
used on board as follows

Annual average carbon intensity reduction compared to the average in 2020

2% -6% -14.5% -31% -62% -80%

2025 2030 2035 2040 2045 2050

< to connect to onshore power supply

¥

for their electrical power needs while ;' ‘ . ;
moored at the quayside, unless they use -

another zero-emission technology
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ARIERAR PR R 1575 ERYECER

MeRESiE _-- 3

BB C2H50H C8H18 C12H26
ERJJ(25 C)/MPa 1.03 70 25 0.1 0.1 0.1
STy 130 130 120 89.7 85 -
FEE 2 E(GJ/m3) 11.8 3.0 9.4 21.2 32.2 35.4
LHV(MJ/kg) 18.8 121 50.0 26.9 43.8 42.5
HmZEPALL 6.14 34.8 14.4 6.52 15.4 15.14
=/ NEEK BEE(M)) 8 0.02 0.30 0.14 0.29 -

SKIEERE (cm/s) 6 300 41 39 40 33
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Various Hydrogen: CO2 Emissions

With CCUS, 90% capture rate [l

-

m O

+ v without ccus |GGG
% With CCUS, 90% capture rate
-"_g With CCUS, 56% capture rate
- Without CCUS

Renewable or nuclear generation
Gas fired generation

Coal-fired generation

Electricity

World average electricity mix

0 5 10 15
kgCO,/kgH;

CO2 intensity of H2 production (IEA 2019)

20

30

35

40

UAverage CO2 intensity of production using
SMR ->CO0O2 emission = 9.3 kgCO2/kgH?2
(without CCUS)

LOSMR with CO2 Recovery Unit

—->CO02 emission = 4.5 kg CO2/kg H2 (with

CCUS)

U H2 electrolysis (Non-Renewable Energy):
» Average spec power = 5.5 kWh/Nm3
« TPC CO2-eq per kWh grid power = 0.502
kg
+ CO2 emission = 30.9kg CO2/kg H2

« If electricity does not come from renewable sources, H2 electrolysis is producing more CO2

emission than SMR

« CO2 emission from H2 electrolysis is more than 6 times of SMR + CO2 recovery

» Low Carbon Hydrogen plays an important role before the fully development of Green

Hydrogen



Global Trend- H2 Application and Generation

* Hydrogen energy is an important option for countries to achieve a vision of NZE or carbon neutrality
* Global demand for H, by 2050 is estimated over 530 million tons (IEA, 2021) [ 470 million tons, IEA,

2023 ]
» Hydrogen applications will centre at industry (lron / Steel / Petrochemical, etc.) , transportation,

and power generation
 Thesupply of green H, (from RE electrolysis) is expected to increase dramatically after 2040

600

600
B ~ 500
2K
400 £ 400
- 61%
300 300
200 200
100 100
, | B o
2020 2025 2030 2035 2040 2045 2050 Eonrgm fossil 203F(:om fossiI+CC28050
ORefining ®Industry OTransport ®@Power
= By-product From Renewable

ONH; - fuel ©Synfuels ®Buildings OGrid injection electricity
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liguid Ammonia/Methanol/CO2 carrier

Japanese shipowner Kumiai Navigation has ordered a LPG and
liquefied ammonia gas (NH3) carrier powered by LPG fuel from
shipbuilder Kawasaki Heavy Industries (KHI) in 2022. The vessel will
have a capacity of 86,700 cbm. It has separate cargo tanks designed
to carry LPG and ammonia at the same time.

Japanese heavyweights Mitsubishi Shipbuilding Co., Ltd. and Nippon
Yusen Kabushiki Kaisha (NYK Line) have secured an Approval in
Principle (AIP) for their jointly developed ammonia and liquefied
CO2 (LCO2) carrier.

Jiangnan Shipyard unveils ammonia-fuelled CO2 carrier design in
2021. The Vessel is fitted with a 3,500 cbom Ammonia fuel tank
enabling the use of the ZERO-emission fuel.

Orders for methanol fuel ships have increased this year, and there is a
tendency to catch up. Using natural gas as fuel, carbon emissions
can be reduced by 20%, and using existing gray or brown methanol,
carbon emissions can only be reduced by 8%o.
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The 160,000 m3 liquefied hydrogen carrier



The World’s first liquid hydrogen carrier

*The Suiso Frontier, the world's first hydrogen carrier,
built by Japan's Kawasaki Heavy Industries, is pictured
upon its arrival from Kobe, Japan at the Port of Hastings in
Victoria, Australia January 20, 2022.

*The Suiso Frontier is much like a small LNG catrrier. It has
gross tonnage of 7,849 tons, is 116 metres in length and 19
metres across the beam. The ship’s containment system
has a capacity of 1,250 cbm. As one cubic metre of
liquified hydrogen weighs 70kg, it can carry 87.5 tons of
hydrogen fully laden.

*The liquefaction plant uses the same technology employed
in the LNG sector to cool the hydrogen to - 253°C
(substantially colder than LNG’s - 162°C), which reduces it
to one eight-hundredth of its original volume.

*The liquid hydrogen is held in storage tanks made by
KHI, which also built the tanks used to store hydrogen
rocket fuel at the Japan Aerospace Exploration Agency.




Forecast cost of delivered green hydrogen in Japan

Figure 1-6 — Forecast cost of delivered green hydrogen in Japan
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From Report: Australian hydrogen market study - Sector analysis summary (24 May 2021)
By: Advisian Pty Ltd. (Advisian) for the Clean Energy Finance Corporation
Renewable energy cost is 25 AUD/MWh (approx. 0.5 NTD/kWh) to 40 AUD/MWh (approx. 0.8 NTD/kWh) in the report



CCS projects from 2010 until Sep. 2022

B The increase in the capacity of CCS projects from 2010
until September 2022.
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Drax Power StationHY CCs% it

How carbon is captured from an emissions source

(4) 90-95%C02
10-15%C0O2 o o

(
S
=

) ]
L ¢ " Re-Boiler

s
KEY 1 Flue gas containing CO, leaves the power production process
2 The flue gas is cooled and treated before entering an absorption tower

3 Inside the absorption tower, a chemical reaction takes place which extracts CO, from
. Solvent the flue gas. CO, depleted flue gas is released to the atmosphere

co 4 The solvent containing the CO, is heated in a re-boiler, which reverses the chemical
: reaction separating the CO, from the solvent

5 The solvent is then re-circulated back into the carbon capture system

6 The now pure stream of CO, is transported via pipeline for permanent storage under
the southern North Sea

’ Flue gasses

BENERE Z RS HTE \



Bio-CCS — negative CO2 emissions

CARBON POSITIVE l CARBON NEUTRAL CARBON NEGATIVE l

Fossil fuel without CCS Biomass without CCS Biomass with CCS
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Liverpool: The HyNet project

H, Pipeline
CO, Pipeline

Existing Gas
Distribution Network

Hydrogen Fuelling
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Liverpool: The HyNet project

Protest local industry and create a
) y North West

new hydrogen industry, cost-

effectively. What are the different types of hydrogen?

Low-carbon hydrogen is generally described as either ‘green’ or ‘blue’. HyNet will initially be
based on blue hydrogen due to its far lower cost, but will subsequently accept green hydrogen

Step 1 into the network as costs fall.
CCS decarbonizes and protects
existing industry

Step 2
Blue hydrogen uses CCS
infrastructure

Step 3
Hydrogen attracts new industry

Step 4
Green hydrogen has a new market




USA Louisiana: Cancer alley

Historic industrial area with political will for the energy transition.
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Australian Renewable Energy Hub

AREH

= Access to key green hydrogen markets

In Asia Pacific & globally

* Proximity to Pilbara mining industry
serves as springboard to scale
production for green power and
hydrogeﬁangaoore

Perthe

AUSTRALI-A

" . (| Distance to markets in Asia ).
|+ ! Tokyo{JP) 11.5days
] . ! Singapore 5.5days
" Taiwan 9 days BROOME
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Components of a Hydrogen Refueling Station

(1)/(2)/(3) are options of H2 supply. For example, HRS can be supplied with (1) only. Or it can be
supply with (2) + (3). The supply option is depending on H2 consumption and station location

(= - ' - L ' A
Supply O-Dch'vcry or Pipeline P : H b
@ On-site (Electrolysis / SMR)
O Low @ -Gaseous H,
?::z“:agmm - 30 to SObar
0
r L —-=] o= =D A N N T . - = ] -] e }
O 0 Compression | -Gas Compression I
& High Pres. | -Outletu - [
l Storage @ | -Buffer at900bar 1
f
O (] MedPressure | _Buffer al |
i Storage @ | Covers peak demands !
i (Optional) -Relieves compressor load 1
: [
O i Dispenser -Dispenses at|350 or 700bar 1
i ) -Paralle] filling (Dual nozzies) |
I

!
!
0
!
!
l
!
l
l
l
!
Ea

U (Cars (700bar)
b S Bises / Trucks (350bar)




S TIaREERE

A EHT H IEZURF RS ERE 2 2 E A HYASK IR | TFCRI R E N
J O FEEEBZE RS BEontliE T &g EEREIAL > EHEEE
HAVEIRERE IR R ) 15 AR FRETRESE -

'RAe ) EERTERAEUT T IFE ) BUR - EREK TR ERERE FIIA SR
B DUBCD BRI = ~ (B ERI -

EAE2023F6 H B /D S H{HSABIC ANAFE A2 5% —HEIRE - EPT
sEY R o LR R REE R E b ET TR - B E A
> SRR -

AR TR - it EEARG [#E ' 4% RISk AR R R
{o ﬁﬁf%ﬁ%@%ﬁﬂ?mk > B HEEC & BURBURTEE TR AS0(ETT » 2R
3% = °

SliEE e & piaE R AT R > HEF HEREE  AREE4IEN
g - SRR R GER  CAURIBIEE BT 5L L (P RGEEN - &
B ERESHE AN -




Hi{CHE ESE R

B S REabEZE 18 TiEliE ) ghetEg > BaltELsr—
BAERR ~ —&(bhR - B E TN > EMEE RN BESE > I
TR - ] ARELSOREE -

W S ERr R IERE TN E Bl > 2 EE =y By 3 (EPEES:

> BB B EES > BRI E R R BB > THET
2023 £ 7 gl ZE R AR5 = 4,900 M ;

> BIEEREI N > TR EE A 10 (BT 0 BT EHY
AEEREETE > BT - KE ~ £RF ~ Bl ERSE - B8 L5 E
AV EREE 2 BRE - 8L Ry EVA SEREIHEAR

> BEIEERAIEEAEEEE » Dl— - [SEREE BERE - ilE& MR EE
EXEENEE > E BB AR B ERE > RS AR
290 EliH > AHERY 7,450 FERZ AN ER S RGN E -




AH=| EEI = s]o
SE RS EE NS
AEHAMFEEATSEE TEERMNSEESE (MOU) o BAMEEERERMNSIE  GEBEEITESHERAH
. EIRSIEF A E 2 45 - BIE2025F EM BEE R BRI RS %RETRE - 2040F EFRE20%RE -
ftza =AM =KM|
40 B B A B ALK PR R R B RSB EASHA BB RES RN
E 8B A TR ASE R SR E WMAZIBEEER TS FEFREE R AT a5 2 E)
s e ANV Bk NRE H4ETRE - BHIBEE-BISTERE 5 2 - BEIEI AR
%D*%nﬁ%é}%j(%%il//{ﬂ,{tk% EE'T;FQFH: E‘lﬂ %Q gﬂ{ﬁfg;;glﬁ%ﬁ
RRBRMUERE  UERR - N | BELAERHRAMI - SRR - HH
s T B4 EERENBEREES  HESHIES
ﬁﬁﬁﬁﬂzzﬁﬁﬁﬂﬂﬁ%@ﬁ% %ﬂﬁ%ﬂ?@ - BRRARH
AERRTEEE
7535 B ] B 77\
RE | FUEEN | MEEER | 95%RAE+SBEARR MR saerea CEMGY
BE  MOBRm | MERE | EREERESsE bR e
TRIEIE | APEM | MERAE | HRREEECSCREMIftELEGH | nfooratynode/2339limskid ce




TSMC Hydrogen Consumption in EUV Process

B TSMC, the leading wafer foundry, takes the lead in the global industry. It has

IR Laser

become the first semiconductor factory to adopt the extreme ultraviolet

Xenon Beam

(EUV) lithography process in the 7nm and 5nm processes, surpassing Intel

Reduction
Mirror System

and Samsung. During the EUV mirror manufacturing process, hydrogen gas is *

needed to assist in the cleaning of impurities generated during the process. et

Condenser

B EUV light is generated by bombarding liquid tin with 50,000 laser beams per Miror system W'

Resiston
Si Water

second. During the process, the tin is vaporized and easily deposited on the

EUV mirror to cause fogging, which affects the manufacturing process.

Hydrogen is therefore injected, combines with tin to form gaseous tin *5{{ ET@'
hydride, and is then pumped out of the cavity. v BEEY T R N
B As TSMC enters the 2-3nm process, the demand for hydrogen will increase v qﬁ%*i)ggﬁ

from 15,000 tons/year to 25,000-30,000 tons/year, and the purity of hydrogen
will also increase from 6N (99.9999%0) to 9N (99.9999999%).
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