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Argus

Broad commodity, energy and energy transition expertise

Crude oil

Oil products

LPG/NGL

Natural gas/LNG

Bioenergy
Emissions

-
ransportation

Agriculture
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Argus has a global ecosystem of
energy experts to provide an industry-

grounded understanding of each

aspect of how your firm can better

navigate the journey to net zero status.

Find out more
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Argus clean ammonia subject matter expertise

rice assessments and news

Hydrogen and FF — news and prices
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Argus clean ammonia subject matter expertise

Argus Ammonia Analytics

Reports and
Copdere
an t

SPECIAL FOCUS: Environmental regulation and legislation

-2

® v
: _'E_! Global green ammonia capacity tracker, 2021-2036
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Argus clean ammonia subject matter expertise

Argus clean ammonia and net zero consulting

Green ammonia demand forecast: Upside case

Green ammonis demand forecast Upaide Caas
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impact of CBAM
Green ammonia pricing

Decarbongation
stratagy
Decarbonzaton
strategy

Clean ammonia
PO support
Clean ammonis

Gas dversfication

Decarborszation
strategy
Pk ammona review

Low-carbon amenonia
Customer analysis
Green ammonia
customer analysis
Green ammonia project
feasbity

Green hydrogen
commerciaizaton

How s CEAM ikely to be imphemented?
What will be impact on our competitive landscape?

What price should | be paying for low-carbon ammonia?

What is the value of berg first mover?

What are the GHG emission from fertiizer = our country?

What exampies of decarbonzaton can we abserve in other regions?

How should our core business dapt 10 decarbonization trends?

What new low-carbon business opportunities should we pursue?

How can we 390 OUr COMPE position m traded grey ammonks to deveiop
the chean ammona market?

How will low-carbon fuels sffect global bunkering market?

What investrments have been made in dean ammonia bunkering?

How will low-carbon developments affect current grey ammona market?

Should we nvest in LNG or ammonia as means of monetising gas?

Whiat market trends ace sfecting our core business in refining and storage?

How should we postion oursetves within low-carbon hydrogen economy?

What are customer perceptions of ammonia colowrs pink vs blue and green?
What is regulatory environment for pink hycrogen and ammaonia?

How i low-carbon ammonia demand expected 10 develop in Europe?
Which customerns should we be tacgetng for Iow-carbon smmonsa’
How cost competitive is green ammania produced in Europe?

Which customers should we be targeting for green ammonia?

How cost competitive is progect in Oman?

How suitable is proposed offtale agreement?

How best should we monetize proposed green hydrogen capacity?
What is the prce sensitivity of green hydrogen/ammaonia demand?

5

illuminating the markets

Copyright © 2022 Argus Media group. All rights reserved.

argus consulting services




Argus clean ammonia subject matter expertise

Conferences and events

- {

AREE S = : Argus Fuel Oil an
Argus Clean Ammonia gus Fuel Oil and

Europe Conference

Alternative Marine Fuels
US Summit

View pricing

View pricing

Bringing together America’s fuel oil and alternative marine fuels markets for insight on
Bringing together industry pioneers driving the clean ammonia market the future of fueling the bunker industry

within Europe and globally &

VENUE UPDATE:
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Overview

* Global perspective ¢———
* India focus

illuminating the markets i ’ argus consulting services
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Overview

* Global perspective

* Green ammonia potential by end use ¢
* Project activity
* Pricing and production costs

* |ndia focus
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Demand outlook - Power is first major demand segment, likely overtaken by marine
and H2 carrier uses in long-run

Estimated future blue & green ammonia demand by segment

mn t NH3 Traditional Marine

210 -

H2 carrier Bl Marine Power [l H2 carrier [] Traditional
180 A
150 - |
Traditional
120 A '
H2 carrier
90 A
B Marine
Power g
30
0 = = -
2020 2025 2030 2035 2040 2045 2050

— Argus Consulting
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Demand outlook - Power is first major demand segment, likely overtaken by marine
and H2 carrier uses in long-run, but there are risks to this outlook

Estimated future blue & green ammonia demand by segment

mntNH3  Traditional Marine Power: S. Korea

Il arine [ Power [l H2 carrier [] Traditional

210 _ recently dropped in
i 2030 targets from
180 1 10mn tto 3mn t!
150 - | Shipping: Concerns
Traditional about energ.y density,
120 ' toxicity
H2 carrier
s Cracking technology is
= Marine Ot mature and poses
Power N additional cost risk
30
0 = - ——
2020 2025 2030 2035 2040 2045 2050

— Argus Consulting
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Regional demand outlook: Argus base-case scenario

East Asia is a first mover, but Europe could emerge as dominant demand centre in the long-run

Estimated future blue & green ammonia demand by geography
mn t NH3

210 -

Bl Global [ Japan
180 - EU [] South Korea

150 -
120 -
90 -
60 -

30 A1

O — - — e =
2020 2025 2030 2035 2040 2045 2050
— Argus Consulting
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Demand for traditional uses is likely to be small

As long as urea is the main nitrogen product the use of green ammonia in fertilizers could be limited

Downstream nitrogen fertilizers that require a carbon input from upstream ammonia production

Direct application

Sulphates (AS)

Phosphate (MAP/DAP)

Urea

- Potentially carbon free

- Potentially low carbon  Nijtrates (AN/CAN)
- Carbon input essentia

Note: measured in gross tonnes
—Argus Consulting
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Overview

* Global perspective
* Green ammonia potential by end use

* Project activity —<{——

* Pricing and production costs
* India focus

! S 13 r : :
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Capacity outlook for green ammonia

We are tracking around 70mn t of speculative green ammonia capacity

Gross green ammonia speculative capacity expansions

* Firm: Projects are fully financed, and the EPC contractor has
commenced construction. Typically, most heavy engineering
will have been delivered to the site and all required gas - : : ; ‘ ‘ 2 : 3
contracting and infrastructure will be in place, We regard P ' ke : J oo y e RS b 3 " Y

firm projects as having passed the pointof FID, r ¥ N e nyt

* Probable: Projects we have graded as probable will be z
financed and the groundwork at [east will have begun. S
However, there will be an area/s of concem threatening to g AL
pushback the targeted completion date, such as
incomplete gas pipelines, political risks or sanctions, Many ;
probable projects have passed the point of FID. R\ M

*  Possible: Projects that are currently either at the feasibility 2D \ y &
stage or have progressed to construction but face o
significant delays due political or physicalimpediments, We S/ T
believe these projects are have strong potential to proceed ;
to, orrecommence, construction over the next 18 months. P | " T—

» Speculative: Projects that are still at the scoping stage or M

in early feasibility. EPC contracting and gas supplies will not N /
have been agreed in most cases, and the financing process Map Key ' o) T £
L
! |
|
{

will be at the early stages oryet tocommence. . Firm capacity expansions

( ) ) Speculative capacity expansions

- 5 ©) e

| )=0S5Smntfyr ik S— y

. o (| # \'] Not represented on this map are the AREH project in the Pilbara region of Australia, the

6 Fiaust rioke, Ut i vy SCANi KOS, Aty T\-{J " Helios Industry project in the UAE and the WGEH project in western Australia because of
plant below 0.2mn t/yr capacity will be the size of the projects. AREH and the UAE based project are 6x the size of the next biggest

shown 2s if it were 0.2mn t/yr capacity e project in this tracker, while WGEH is over 12x the size.

Source: Argus Analytics
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Planned blue ammonia projects

>20mn t of blue ammonia capacity announced, a marked increase since last year

Blue ammonia project capacity overview

N T Source: Argus Analytics
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Large number of projects and limited short-medium term demand potential means
- that many projects will fail to materialise

Firm offtakes are needed for
projects to reach FID in the
next decade

Ammonia capacity vs. demand

mn t NH3
M Supply - operational M Supply - firm

200 - m Supply - probably Supply - speculative
180 m Total demand
160 A
140 A
120 -
100 -
80 -
60 A
40 A
20 A

0

2020 2025 2030 2035 2040 2045 2050

Notes: includes US biue ammonia capacity
— Argus Consulting
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Overview

* Global perspective

* Green ammonia potential by end use
* Project activity

* Pricing and production costs  {——
* India focus

! S 17 r : :
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Forecasting future green ammonia prices a unique challenge
New electrolyser technology is immature, and renewable generation as a feedstock to fertilizers is rare

New process with cost estimate uncertainty Well established process with = The ammonia synthesis combining hydrogen with
high cost estimate accuracy nitrogen using the Haber-Bosch methodology is a well
established process.

= The hydrogen feedstock production however utilises
novel technologies for which important technological
progress is anticipated

)

/'\

i
_::.}.-‘

e

!

Key cost drivers 2. Cost of hydrogen conversion (impacted by
electrolyser technology)

» Given the high impact of hydrogen prices on green
ammonia costs as well as the uncertainty in the speed of
cost reduction, scenarios best incorporate key drivers of
hydrogen generation cost:

1. Cost of power generation

Hydrogen Green ammonia

@ Cost of power Cost of hydrogen
generation conversion

Source: Argus Consulting
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Levelized costs of green hydrogen are shaped by the power price and by electrolyser capital

Intensity

Electrolyser CAPEX intensity

USS/kW

——Base Optimistic —— Pessimistic

0 T T T ¥ T L T T T T T L] T T T

2020 2023 2026 2029 2032 2035 2038 2041 2044 2047 2050

Notes: in real 2021US$
— Argus Consulting

illuminating the markets
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Electrolyser manufacturing cost components

Assembly
Membrane electrode assembly (MEA) '

Frame AN Power supply

Porous transport layer (PTL) o

Catalyst coated membrane / Water circulation system

Other BoP components

Cooling system Hydrogen processing unit

Notes: based on 10MW/year production scale
— IRENA

19
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Green H2 economics suggest that green ammonia will be significantly more expensive vs. grey
ammonia in the short and medium term

$/t ammonia Green ammonia levelized cost vs. grey ammonia price

Significant cost improvements are expected, but remember that
these are snapshots of levelized costs —i.e. a project
commissioned in 2025 will need around $800/t for the lifetime of
the plant to generate an NPV>0!

Grey Ammonia, fob Middle East

Green ammonia, fob Middle East

2020 2025 2030 2035 2040 2045 2050

Source: Argus Analytics
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Blue ammonia offers lower production costs and the opportunity for more familiar
‘pricing arrangements, especially for retrofits of existing plants

$/t NH3 Low Case High Case

* Most Blue
Ammonia
projects are
being planned
by existing
producers

* Grey NH3 + CCS
cost or Grey

| NH3 + carbon
price would be
a likely pricing
O -
Capture Transportation Total Capture Transportation Total Strategy
and storage and storage

Source: |EA, Argus Consulting
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Overview

* Global perspective
* India focus —

! S 22 r : :
illuminating the markets argus consulting services

Copyright © 2022 Argus Media group. All rights reserved.



Overview

* Global perspective

* India focus
* Background <¢————
* Demand and addressable market
* Supply and projects
* Challenges

23 : :
argus consulting services
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Policy Background

COz2 emissions by fuel or industry tvpe, India  RESEE

in Data

.—_'Ch.mgv((;-nntrv O Relative

* India makes up around 8% of global GHGs

* |t has a five-point plan to reach net zero 23 Dilon?
greenhouse gas (GHG) emissions by 2070,

* The focus is largely on ramping up renewables

Flaring

2 billiont

development by 2030; reducing CO2 emissions T

by 1bn t from now to 2030, and cut the

economy's carbon intensity by 45pc over 2005- 1billion
30.

500 million t

1964 1980 1990 2000 2010 2021

24

illuminating the markets ConinignE © 2022 Arss Medks gfoors Al FigHes neservest argus consulting services




Position on ammonia and hydrogen

The country's national hydrogen roadmap set a production target of 5mn t/yr by 2030, ambition to make India a green hydrogen
hub, including for export. Several commitments and initiatives at the draft stage

* Demand
* Green hydrogen purchase obligation (GHPO) for several sectors
* Supply
* Plan to introduce production-linked incentive (PLI) schemes for electrolyser manufacturing for the first 4mn-5mn t/yr of
renewable hydrogen output
* E.g. Tax rebates, export duty concessions, easier land acquisition terms
* Power-related measures to spur project investment
* A waiver on inter-state electricity transmission fees for green hydrogen producers (in production before mid-2025)

* Producers will be able to bank' their surplus renewable power in the grid, with an option to use it within 30 days to
address intermittency

* Hydrogen and ammonia projects will be prioritised for grid access
* Other
* Ministry for New and Renewable Energy (MNRE) has said that India's focus will be on green hydrogen using renewable
capacity with no place for blue

* Export focus: permission granted for producers to set up storage near ports to facilitate exports; other measures to
stimulate export business

25
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Overview

* Global perspective

* India focus
* Background

* Addressable market —
* Supply and projects
* Challenges

26 : :
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Ammonia demand

India’s ammonia consumption is growing steadily, with most of the demand met by domestic production and ~13% via imports

Gross production, 2005 - 2020
Kkt

~

15,000 -
10,000 -

5,000 -

0 -
05060708091011121314151617181920

illuminating the markets

Total imports, 2005 - 2020
it

P

3,000 -
2,500 -
2,000
1,500
1,000

500 4

05060708091011121314151617181920
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Gross consumption, 2005 - 2020
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Source: Argus Analytics
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India’s merchant ammonia market, 2020

India has a 17.22 mn t ammonia market, of which merchant ammonia accounts for 2.8 mn t or just over 16%

Ammonia market, 2020

18,000
16,000

kt

B

14,000 -

12,000
10,000
8,000
6,000
4,000
2,000
0

12,723

Gross capacity

14,565

Gross
production

illuminating the markets

17,217

Gross
consumption

Merchant Ammonia market, 2020
kt
3,000 - 2,827
2,500 -
2,000 -
1,500 4
1,000 4
500
175
o 1 NN
Merchant Imports Merchant
production demand
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Merchant demand by end-use, 2020

Unidentified

NPK AN
Industrial

DAP

Source: Argus Analytics
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Overview

* Global perspective

* |ndia focus

* Background
 Addressable market

* Supply and projects T —

* Challenges
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A spate of clean NH3 project announcements over the last year or so

*  Avaada project to build green power plant and green ammonia capacity in Rajasthan, signed an
agreement with state government for 1 million tpy of ammonia. Rajasthan largest solar energy
producing state. S5bn capex

Initial agreements for green hydrogen, ammonia projects in Karnataka * Indian state-controlled Oil and Natural Gas Corporation (ONGC) and renewable energy
Investment in bn Ammonia output developer Greenko last month announced plans for a 1.3GW electrolyser site, which could
Company USD target in mn t/yr produce 1mn t/yr of ammonia from 2026 onwards, utilising wind, solar and hydroelectric
power.
Acme Cleantech Solutions 6.26 1.2 *  Acme Cleantech Solutions has also unveiled a number of planned projects in recent months.
ReNew Power 6.03 1 *  ABC Cleantech, a subsidiary of solar and wind energy firm Axis Energy, plans a facility that
ABC Cleantech 6.03 1 would produce 200,000 t/yr of hydrogen and 1mn t/yr of ammonia, fed by 5GW of renewable
energy.
Avaada Energy 5.43 1 *  Malaysia's state-owned Petronas, intends to build a plant that will eventually produce 500,000
JSW Energy 5.24 - t/yr of ammonia.
Aot 376 05 *  Acme will set up a 1.2mn t/yr green hydrogen and green ammonia plant along with a captive
solar power unit in Mangalore city between 2022 and 2027, the firm said on 6 June. The total
OZ2Power 2.15 - investment in the project is 520bn rupees ($6.7bn)
*  Jakson Group is planning a $2.8bn renewable hydrogen and ammonia project in Kota in
— Karnataka state government northwest Rajasthan.Jakson plans to build the project in phases between 2023 and 2028, with

the plant to produce 15,000 t/yr of renewable ammonia by 2025. Once completed, combined
output of hydrogen and ammonia could reach 3.65mn t/yr, the company said.

These projects are early stage, and we need to see greater progress before we consider them firm or probable

Source: Argus Direct
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And H2 project activity ramping up

* Indian state-controlled refiner IOC aims to produce 5pc green hydrogen out of its total hydrogen production by the 2027-28
fiscal year ending 31 March and up to 10pc by 2029-30, although it has yet to disclose actual figures. Its Mathura refinery will
house a 40MW green hydrogen plant and its Panipat site will have a 16 MW plant

* Indian stainless steel producer Jindal Stainless plans to build a green hydrogen plant in the northern Haryana state with
renewables developer Hygenco India, targeting commissioning in the third quarter of calendar 2023. The solar-powered plant
will house an alkaline electrolyser that has a potential to produce up to 250 t/yr but is targeting initial production of 75 t/yr,
Jindal Stainless said on 14 September, describing the venture as a first for a stainless steel producer in India. It expects the
plant to help it reduce CO2 emissions by 2,700 t/yr. The hydrogen produced is planned to replace ammonia in its in-house
annealing of stainless steel, which is part of the heat treatment process.

Source: Argus Direct
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Overview

* Global perspective

* |ndia focus

* Background
* Demand and addressable market
* Supply and projects

* Challenges  Go—
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“Urea Is a problem

- By far the biggest use of ammonia is for urea, which cannot be

Breakdown of ammonia consumption, 2020 decarbonized. Use of recycled/biogenic carbon would seem
kt unlikely on a large scale.

18,000 - 17,217
16,000 - M - Existing ammonia/urea plants could switch to a 10% green H2
14,000 - . blend with gas. Perhaps this would allow for partial

12,000 - decarbonization.

10,000 -

8,000 -

6,000 - - Furthermore.

il - India’s fertilizer subsidy budget for 22/23 is around USS$14
40001 e billion, primarily composed of urea, which is sold to

® " oae W Others Ammonia farmers at a mandated Rs6 per kg (USS 70 pt)

- Higher priced ammonia feedstock, at least in the s-m
term, would inflate the budget further

Source: Argus Analytics
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Is India the logical supplier to the balance of the domestic NH3 market?
India’s ammonia imports typically satisfy demand located near the port —inland ammonia transportation is minimal

Kandla:
* IFFCO DAP plant located next to the port Paradip: :
*  |FFCO DAP plant located in proximity to the port Haldia:
\ . Paradeep Phosphates Ltd (PPL) DAP plant . IRC agrochem DAP plant located near the
*  Greenstar DAP plant in Tuticorin . port
Sikka: A P
* Gujarat State Fertilizers (GSFC) DAP plant /
located close to the port pe:
\\ Vizag (Vishakhapatnam):
\ ol P CIL DAP plant located in Vishakhapatnam
N ¥ &
NG //
Dahej: >
= Hidalco DAP plant located in close proximity to i
the port Kakinada:
* Sanjana DAP fertilizer e — CIL DAP plant located near the port
— //
Ennore:
Jawaharlal Nehru Port Trust (JNPT): = CIL DAP plant located close to the port
Tuticorin:
/_// . Greenstar fertilizer plant located in the vicinity of the
Mangalore: /,-/'/ e port
* Mangalore Chemicals and Fertlizers Ltd _— = . CIL DAP plants located in Ennore and Ranipet regions in
(MCFL) DAP plant located in Panambur, Tamil Nadu
Mangalore. Gt

* FACT Cochin DAP plant located near the port

Source: Argus Analytics
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Is green NH3 the best use of Indian clean energy resources?

AFGHANISTAN
More than half of India’s electricity is still generated Coal and lignite production sl =1
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Oliver.Hatfield@argusmedia.cor

Sources
Argus Consulting Analytics Reports; Argus Monthly Outlook reports; IFA; GTT L
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