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(& C#1(2(3/3) : TOYO's Activities for Carbon Neutral Society TOYo
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Coal-Fired Power Generation Outlook (World)
Fuel NH3 demand is expected to increase not only in Japan

Actual Electricity
(TWh)
Coal
8,671 e
2010 2020

Source: IEA “World Energy Outlook 2021”

Announced Pledges Scenario

H2/NH3* 100 (TWh)
O 376

——
3,047

2030 2040 2050

Net Zero 2050 Scenario

7,926 5,779

——
Coal 517 I—

ENGINEERING

NH3 Demand Outlook
(Million t-NH3) 729
547 IREE 100% firing
Co-filring
36 413 944  \ith coal

2030 2040 2050

Assumptions for NH3 estimation

® NH3 / coal co-firing will be 20% in
2030'’s, increasing to 50% in 2040’s

(TWh) ® H2 demand is converted in NH3
H2/NH3*
— 875 I—
mmmN 1357 1713
2,947
2030 2040 2050 2030 2040 2050

* H2/NH3 = 100% full conversion only, not including co-firing with natural gas or coal



Shipping Fuel Outlook ToYo
Fuel NH3 is the mainstream for decarbonizing ships

NH3-fueled Ships NH3 Demand Outlook for Shipping Fuel
Under development .
for commercialization in the late 2020’s 300 Mtoe NHS Direct Use
OMt-NH3 33 155 248
250 I
@

2 2 l

00 =
150
100

50

____201 0o 2020__.___//._ _____ 30 0 2 0

Source: NYK Line, MOL, IEA “Energy Technology Perspective 2020" (Link) III


https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-be19-c8a67df0b9ea/Energy_Technology_Perspectives_2020_PDF.pdf
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NH3 H2 Carrier
(Direct Use) NH3 Liquefied H2 MCH
. GOOD EXCELLENT EXCELLENT EXCELLENT
Heating Value 9.41 MJ/Nm3 10.88 MJ/Nm3 10.88 MJ/Nm3 10.88 MJ/Nm3
Condition in PROVEN PROVEN PROVEN
Transportation -33deg.C -33deg.C Normal Temp.
-253 deg.C
Efficiency in HIGH HIGH MIDDLE LOW
Transportation 121 kg-H2/m3 121 kg-H2/m3 70.6 kg-H2/m3 47.3 kg-H2/m3
Cost to Japan' LOWEST LOW HIGH

Approx. 5.5 USD/kg-H2" Approx. 7 USD/kg-H2

Approx. 6 USD/kg-H2

1: Cost of delivering hydrogen or ammonia produced via electrolysis from Australia to an industrial customer in Japan in 2030, IEA “The Future of Hydrogen”
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Long-term Fuel NH3 Demand Outlook
NH3 demand will expand to about 1 billion tons by 2070

Unit: Million t-NH3 945 945 Assumptions
815 248 @ NH3 direct use demand for
87 bunkering is strong & firm

@ Hydrogen society will be
realized by 2070

® 30% of H2 is transported by sea
as same as current LNG

® NH3 as H2 carrier is superior to
other H2 carrier

@) Blue and Green will coexist

® Green has location issues
especially in Asia

® Blue will be zero-emission with
cheap gas and CCUS

580

Bunkering 33 =

as H2

Carrier
697

2030 2040 2050 2070 Feedstock

Source: TOYO Analysis based on IEA reports
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TOYOD S E TOYO

7V —VRRINH3D M= BT 5FE/N—bF—
Global Leading Deep Experienced Decarbonization
Engineering Partner NH3 Professional Engineering Pioneer
[ X X
TR ol &2/
Total HO 5;7m ¢ NH3Plant 8 6 X RE Plant 1 04GW
Manpower Projects Projects
& 750 fh 218+ (B Shee
70 , ;
Guersas e Tank s 80'S

MISSION : Engineering for Sustainable Growth of the Global Community




BLUE NH3 Cost Reduction Approach Tovo
Developed 3D model & BOQ for 3,000MTPD modularization

3,000MTPD NH3 module




Structure (Example)
TOYO will co-invest in receiving terminal as owner’'s Eng’g

Local
Partners

Local
Partners

2

ENGINEERING

Partners | | Partners

NH3
Gas Supplier Production
SPC
I .
E ' Tolling Fee

------------- Tolling Fee
Long-term NH3 Sales and Purchase Contract

Export

Terminal
SPC

Receiving
Terminal Power Co.
SPC
e
Tolling Fee

ToYQ

-
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TOYO's Ongoing H2/NH3 Projects ToYO
Developing 30+ projects with various partners worldwide

h E
Blue NH3 @Saudi Arabia

Green NH3 @India 1
f Blue/Green NH3/H2
@USA

Green NH3 @Morocco

lue NH3/MeOH

Blue NH3 @UAE ot y Green NH3
Green NH3 @Oman Q @Chile
Green NH3 @Indonesia Blue/Green NH3/H2
@Australia {



the feaS|b|I|tyEtudy for Green H3 reductlon in Indonesia
~ 135 |

sead



PUPUK O
INPONESIA Introduction of PIHC TR
Integrated world-class agrochemicals and food company

o NH3 Plant Location

& 1970

Established

= 100%

State-Owned

, 5 Fertilizer Co.

17 NH3 Plants

D 10538 o 7 it 1 o

Source: PIHC



Unique Points of the Project
Make PIHC's existing assets value up for carbon neutrality

QUICK

ECONOMIC

LARGE

Utilize PIHC's existing facilities
—> Add electrolyzers on NH3 plants
- Get RE electricity from the grid

Minimize CAPEX and OPEX
- Utilize unused NH3 capacities
- Level out NH3 annual production

Swap “green” value with other plants
- Earn “RE & Green NH3 Certificate
- Aggregate green NH3 virtually

RE + Electrolyzer

g
B i

NH3 Plant

&

8 PUPUK
INDONESIA
INDONESIA TOYOQ

Green

A

Grey NH3 for Urea Grey NH3 for Urea

Plant A

Plant B

Plant A’




7 7 XA 7/1Blue NH3E % TQO
7 7 AN H AEFL1E -Hilcorp: =Z /% & MOU % #if
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LEADING ENERGY ORGANIZATIONS TO COLLABORATE ON COOK INLET } 7 X jJ '}‘I‘I *u $ (‘:_ :E) E ax
AMMONIA PRODUCTION AND CARBON SEQUESTRATION ASSESSMENT BI N H 3 $ F % T

ue E-3 3
ANCHORAGE, AK (Oct. 4) — Today, the Alaska Gasline Development Corpeoration (AGDC)
announced an agreement between leading energy organizations to assess the potential to 'I'g’ jJ N & EE
produce zero-carbon ammonia in the Cook Inlet region of Southcentral Alaska. 2 L T L < — t 18

The parties — AGDC, Mitsubishi Corporation, TOYQ Engineering Corporation and Hilcorp Alaska
— have signed a memorandum of understanding to evaluate the commercial feasibility of
utilizing North Slope natural gas delivered to Southcentral Alaska via the Alaska LNG Project to
produce carbon-free ammeonia. The carbon dioxide generated from this process is able to be
captured and sequestered in secure underground geologic formations, and Alaska’s Cook Inlet
basin has been identified by scientists as having world-class carbon sequestration potential.
This assessmeant project will further define Cook Inlat’s sequestration potential and the
aconomics for producing clean ammonia alongside LNG in Alaska.

Ammenia emits no carbon dioxide when burned to produce energy, is rich in hydrogen, and is
easier to transport than hydrogen. Ammaonia is central to the zero-carbon energy strategies of
nations across the Pacific Rim, including goals by Japan and Korea to become carbon neutral by
2050. Japan plans to grow ammonia use in energy production to three million tons per year by
2030, up from zero today.

In addition to Cook Inlet's carbon sequestration capabilities, the parties factored other unigque
Alaska advantages into the decision to initiate the ammonia assessment. Round-trip tanker
transport from Alaska to key Asian markets is more than 12,000 miles shorter than from the
UU.S. Gulf Coast, reducing costs and shipping emissions. Alaska delivered a 45-year record of
success exporting LNG to Asia. 7
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EIINH332 A &b (2/2) : Feasibility StudyPI & (f51)
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CFAADIEBELE ¢ LT, ERZZEITH-HSERICEHN

CLEAN FUEL AMMONIA ASSOCIATION

(EE== 8131

Tiokvocers Y
UBE 1HI X  Amgsyssw

: JTOGRN
< SUMITOMO CHEMICAL =
s Mitsubishi Corporation s J 8 ra

MITSUI&CO.
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Source: Clean Fuel Ammonia Association
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1 : ERS=Emergency Release System 2 : SCC=Stress Corrosion Cracking 3 : BOG=Boil Off Gas 4 : CUI=Corrosion Under Insulation
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DTS! System®;FRIC L ViRETY 7

1 : Distributed Temperature Sensing
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Figure 3: Example of user interface showing
location of event, e.g. leak detection

Figure 2: Red cable installation under pipe
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DTS System® & A {5

777 b 3| EBAE &
Yara Revenna Italy 2006 5km
Yara Le Havre | France | 2010 10km
Yara Montoir France | 2013 2km
Yara Pardies France | 2013 | 1.5km
Yara Ambes France | 2014 2km
Borealis France | 2013 | 2.5km
Grandpuits

Borealis France | 2010 0.4km

Ottmarsheim

Source : InaudiD., Walder R., Todd Roberts, 2016, “Field Experience from Fiber Optic Ammonia and LNG Leak Detection Systems Installations”,

61st Annual Safety in Ammonia Plants and Rerated Facilities Symposium.
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® HAZID : Hazard Identification 2 diametr
® HAZOP/LOPA : Hazard and Operability / s : et | e | e
Layers of Protection Analysis e I e e
® SIL: Safety Integrity Level Gutiotne P I s B B R ma
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® QRA: Quantitative Risk Assessment

Loak 10 mm

KERERET

DFERG

[Eﬁﬁz]
DILEHY

QRAD I

FMAEFREDHTE B4

REBRR(TE) DRENR

T IFEICIARE
10BEISTART
100FEICIATEE
F 1,0005FICTATEE

: '\jﬁ\'fi; _

) 27 OFFHE

101N Source

Source : QRADHIIZDLTIE [Guidelines for Chemical Process Quantitative Risk Analysis, 1989, CCPS AIChE| A*55|F

ENGINEERING


https://www.hse.gov.uk/landuseplanning/failure-rates.pdf
https://www.dnv.com/Images/Introduction%20to%20Quantitative%20RisK%20Assessment%20Webinar%20-%20slides_tcm8-99019.pdf
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