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Model Structure

z3-(User adjustable

There are two user dashboard based on the starting point of the user — a target NH3 capacity or a RE plant

USER DASHBOARD

NH; Dashboard- x
Optimizes RE capacity
for a user designed NH,
plant

RE Dashboard- ¥
Optimizes NH; capacity
for a user designed RE
plant

NON CALCULATION SHEETS

Cover page

Guidebook

L =

CALCULATIONS

Toggle switch to
select/ de-select
RE Dashboard

DATA SHEETS

Ranges (for drop down options)

Sources

giz



Sheet overview

Function

Sheet Title

Sheet details and function

General

User
Interface

Calculations

Others

Cell Format Key

Cover page

Guide for the User
D1.NH3 Dashboard
D2.RE Dashboard
Bridge

Cash Flow
Ops-Hourly
Ops-Monthly
Power
H2-NH3-Fertilizer
Sites

Optimised Solutions
Ranges

Sources

XXX

XXX

Colour of Sheets
XXXXXX

XXXXXX

Input cells for the user
Returns calculation based on a formula/criteria, for user's reference. Do not change/overwrite this cell

Introduction to the model - scope of technology, results, model developers, acknowledgement, model limitations, copyright
information and disclaimer

Provides the user with a guide on model structure, how to use the model- options and solutions

Dashboard where a user can input a target NH3 plant and identify the RE plant design to meet it operating requirements
Dashboard where a user can input a RE plant and NH3 plant capacity to compute the operations and cost of production
Sheet which acts as a switch between the two dashboards, to take user inputs for cashflow and operations sheets
Calculates the cashflow of the RE-Hydrogen-Ammonia plant and discounts them on WACC to calculate levelized cost
Calculates hourly production of ammonia based on plant operational profile across 24*365 (8760) Hours

Calculates monthly production of ammonia based on plant operational profile across the 12 months

Contains all the data related to the RE power plant, storage, grid charges

Contains all the data related to the hydrogen production, ammonia production and fertiliser calculations

Contains the data related to the RE project sites - solar, onshore wind and offshore wind site

Contains the optimized solutions (input from MEC) which feed into the dashboards

Values for all user options - drop-downs etc.

Comprehensive list of all the sources used

Output Cell which gives a results desired as an interim/final step. Do not change/overwrite this cell

Dashboard with input & output of the model

Project Calculations sheets. Do not change anything on these sheets

Data Sheets (Back -ups). User can change the assumptions/data on these sheets in the fields marked for change



Modelling Tool for Production Cost of Green Ammonia in India

Ammonia
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power
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Annual production of NH3 (kTPA),
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Operational profile of NH3 plant in terms of source of power (directly from RE plant vs banking vs
exchange vs battery) and source of hydrogen (directly from electrolyser vs storage vs both)
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Note* Consumed LCOH/LCOE refers to levelized cost of hydrogen/power actually consumed by the NH3/H2 plant excluding the surplus
Source: MEC Intelligence analysis



Dashboard Outputs

End

products

Break-up
of Plan

Capex,
LCOA and
LCOH

Cost comparison of grey fertilizer (Urea, DAP, NPK) vs when produced using green ammonia- 20%
green ammonia blend for Urea (due to limit on CO2 availability from onsite flue gas) while 100%

green ammonia for DAP and NPK

Quantity of fertilizer that can be produced using green

end-products (02, power, H2) and key KPI of plant

ammonia, other
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= : : 75.49
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Dashboard Inputs

D1.NH3 Dashboard- For Users who want to evaluate D2.RE Dashboard- For Users who want to evaluate

lowest cost of producing certain quantity of
ammonia in different scenarios

cost of ammonia production from a certain RE
configuration in different scenarios

™~ Sellct for N3 Optimed solution

User to select definition of

General Plant Design Parameters | Plant Design

Click here to

e e N green ammonia/ hydrogen e | clalvaliz L
::;greclf/T::;‘o‘l;ljuz\ant Capacity 2;22 e . . EE Sleannelr;nzoen Technology Solar +Battery o Dashboard.
RE Generation Technology Solar Onshora Wind User to configure NH3 User to configure tio Solor 10 wWind o De-select to

RE & H2-NH3 Plants Configuration Direct connected . Battery Power o/MwW .
Renewable Plant Location Gujarat plant capacity RE plant o ke e automatically
R ey BreE ]_ _Eenewame Plant Location Gujarat select NH3
2 - I3 uj;
RE plant grid connection cTu
Hz-NH; Plant Grid Connection NA - Direct Connection
R B \ Use(rj to Eeleclt tecgno_logy e oo S dashboard
Electrolyser Type Alkaline 2ailip AL (S
Curtailment in Peak Hours 1.00%|% an Ot e_r p ant eSIgn Balancing Mechanism No Banking
- % € El; | Ty
Bl s considerations B 2 —
Financial Parameters Curtailment in Peak Hours 0.00%|% 0 Upc
Debt Interest Rate 8%|% Curtailment in Non-Peak Hours 0.00% |%

Debt Share in Total Investment 40%|%

T2.504|¢ User to input financial
i & \ assumptions to calculate

Ammonia Plant Parameters

Financial Parameters

————Debt Interest Rate 8%|%
Debt Share in Total Investment 70%|years

WACC which is used for cash Target IRR 5o

Ammonia Plant per day capacity
Air Sepearation Unit Capacity
Hydrogen Volume Required

flow discounting

WACC

Ammonia Plant Parameters

Power Demand ]' Ammonia Plant Capacity 100.00/kTPA
mmonia Plant per day capacity D

Ammonia Plant Power Demand MW

Air Seperaton Unit Povier Demand w Calculated based on SEC AirSepesraton Urit Capacity o

Electrolyser Required Capacity MW Hydrogen Volume Required TPD

Power Demand & supply

assumptions

Power Demand

r Ammonia Plant Power Demand EMW
Electrolyser Capacity Oversizing % Air Seperation Unit Power Demand MW
Electrolyser Power Demand Mw _ Electrolyser Required Capacity Mw
ot Fquremenn ww Sizing of RE, electrolyser, "
RE Plant Oversizing % . Electrolyser Power Demand EMW
Fato Sola o wind o battery and H2 storage is Total Requirement i
. Solar Capacity Mw i Power Plant Design
Click here to g;g:ofjﬁ.cﬁcwamy mx done FUtor(;]atlc?'”y for'the RE Plant O . %
lant Oversizing %
manually user selecte con iguration to Eeberce i
. Wind Capacil Mw
size plant. T meet specific PLF and ey w
This can be ~ Bauen Pover shutdown KPlIs. User can

done for RE,
battery,
electrolyser
and storage

Battery Duration
Battery Size

Storage Infrastructure

I™ Manuallyinputhydrogen storage
Hydrogen Storage

Hydrogen Storage

Ammonia Storage

Optional Inputs.

Mw
hours
MwWh
days
kg
kg

adjust parameters by clicking

on toggle switch

Battery Duration
Battery Size

Storage Infrastructure
Hydrogen Storage
Hydrogen Storage

Ammonia Storage

Optional Inputs

days
kg
kg

Water Source Desalination plant
il & Eant . CO; source SMR Flue Gas
ERpE: T T User can further adjust Costof €O, R
Ceiereen [ o Surplus Power Price INRIKWh To
SR R Tt sources of water, CO2 (for Share o Surplus pawe 0 sl wo0%
Share of Surplus power to sell 100%|% . Oxygen Sales Prics NS T .
Oxygen Sales Price INR/M®  To Un \ ) o Upx
el S —=p urea), and optimize revenue T R 1o0%
i A S E through sale of by-products Carbon (€02) abated
Carbon Credits available . Carbon Credits available
et B covering oxygen, power, R o To0e o0
Price per carbon credit INR To Updal Price per carbon credit INR To Updat

carbon credit, etc.
Note: For detailed definitions, see Scope section



Input Adjustability | User can design and configure plant by selecting drop down options within 14
parameters

Green Ammonia Definition
Monthly
RE
Tech.
Hourly
1 .. . .
. . Connectivity via Grid
Plant Configuration ! b/w RE and H2/NH3
Solar and H2- !
NH3
Plant Onshore wind !
Location (incl. hybrid)
Offshore wind !
(incl. hybrid)
Balancing Technology
Electrolyser type
Electrolyser capacity
oversizing
Curtailment rate User input for Non-
L Peak hours

1 1
Financial parameters ! User input for debt:equity, debt rate and target IRR !

1 1
Source of CO2 ' Externally sourced '
[ e e e e e e e e e e e e — 1

1 ! 1 !
Rl et sl Btz P! Solar : Wind ratio P! Battery capacity :
configuration ! o VT |

! 0 !
Additional revenue options ! Value and % of 02 |
Lommmeee sales ______ .

1 1
T 1




Calculation Sheet 1 | NH3 production in Hourly Settlement

» Calculates hourly production of ammonia across 8760 hours in a year (24*365) based on available RE power, battery capacity,
H2 storage capacity, etc.

» See section ‘Model Flow’ for details on how Power and H2 are allocated across different consumption centers in the plant

RE Generation: Calculates Hourly RE Operating scenario RE power allocation: Battery Operations: Electrolyser Operations: NH3 Operations: Calculates hourly
power available for H2-NH3 plant based of Plant: for details Allocates available RE power Charging-discharging Calculates H2 produced and ammonia production based on RE
on Site CUF profile, RE plant capacity see section ‘Model to H2, NH3 plant based on operation of battery based stored based on RE power power from plant & battery and H2
and curtailment Flow’ the ‘Operating Scenario’ on available RE power from plant and battery from electrolyser and storage
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Calculation Sheet 2 | NH3 production in Monthly Settlement

» Calculates monthly production of ammonia based on available RE power and balancing mechanism (banking vs no banking)

» See section ‘Model Flow’ for details on how Power and H2 are allocated across different consumption centers in the plant

RE Generation: Calculates RE power Power calculations: Grid banking operations: No Banking Operations: . .
. . . . . : Electrolyser Operations: NH3 Operations: Calculates
available in a given month based on Calculates ‘target monthly Calculates units (MWh) of Calculates units (MWh) of . . )
- - . \ Calculates H2 production ammonia production based on
hourly generation profile (site CUF CUF’ of H2-NH3 plant power banked and power sold and procured
) . . ; . based on target monthly CUF target monthly CUF.
profile, RE plant capacity, curtailment) based on power available accordingly the charges from power exchange
RE Generation Power Calculations NH3 Operations
NH3
lOnshore ~ |Offshore Power Hourly ~ [Hourly Cumulativ Deficit Productiol
IWind IWind Power  [Supplied  |Capacity |Capacity e Ipurchased IWater n NH3
Hour of (Solar Power_|Power Power Factor to |Factor to RE _|Demadn at_|Power Power Deficit |Effective Plant from [Net Power to H2 H2 demand IH2 deficit to_|consumptio |Oxygen _ |Powerto _ |NH3 Plant INH3 Cumulati [Shutdow
Time ~ |the da - |[Mon ~ |Generation |~ |Generate| * |Generaté ~ |(P) '~ |Curtailment ~ [Deman¢ ~ |Capacit = Target CUR ~ [Surplus |~ |to Target CU~|Load ~|Plant Load ~|units |~ |to exchang ~ |Exchange |~ [Electrolyser| - |Electrolyser PL| ~ |Productio| = [for NH3 | |H2 surplus|~ [Stoic Leve|~ n '~ |Producti{* [NH3 - ASU~ |Load lproduction ~ [NH3 PL|~
Mwh Mwh MWh[MWh 1% % MWh MWh MWh MWh |MWh 1% kg kg kg kg MWh MWh
01-01-2019 00:30] 00:30:00]Jan 0| 209) 0| 115.6] 93.44) 0.00[0 " 100.0%| 0] 107.14] 88.5%] 0| 0| 8.44]
01-01-2019 01:30| 01:30:00{Jan 0] EE‘ 0| 115.6| 89. 48‘ 0.00] 0.0 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 02:30| 02:30:00{Jan 0] 0| 115.6| 0.0 107.14) 88.5%| 0| 0] 8.44]
01:01-2019 03:30] 03:30:00[3an 0 0 1156] 00) 107.14 88.5% 0 [l 844
01-01-2019 04: 30[ 04:30:00|Jan 0] 0| 115.6| 0.0} 107.14] 88.5%) 0 0f 8.4
01-01-2019 05:30| 05:30:00{Jan 0] 80| 0| 115.6| -35.4) 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 06:30| 06:30:00{Jan 0] 58| 0| 115.6| 57.7] 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 07:30| 07:30:00{Jan 34| 0| 115.6| -42.7) 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 08:30| 08:30:00|Jan 124) 12 0 115.6] 0.0} 107.14) 88.5%) 0 0 8.4
01:01-2019 09:30] 09:30:00[3an 191 2 0 1156] 00) 107.14 88.5%) 0 [l 844
01-01-2019 10: 30[ 10:30:00{Jan 231 1] 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 11:30| 11:30:00{Jan 249, 1] 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 12:30| 12:30:00{Jan 254 2| 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 13:30| 13:30:00{Jan 243 4 0| 115.6| 0.0 107.14) 88.5%| 0| 0] 8.44]
01:01-2019 14:30] 14:30:00[3an 211] o 0 1156] 00) 107.14 88.5% 0 [l 844
01012019 15:30] 15:30:00[3an 167 o [ 115 00 10714 88.5%) [ o 844
01-01-2019 16:30] 16:30.00]Jan 89 7 0] 115.6] 19.8] 107.14] 83.5% 0] of 8.44] [ oy _
01.01-2019 17.30[ 17:30.00]Jan 1] 6| 0] 115.6] 98.4] 107.14) 83.5% [ o 844
01-01-2019 18:30] 18:30.00[Jan 0| 5 0| 115.6) 1111] 107.14] 88.5%) 0] 0| 8.4
01-01-2019 19:30| 19:30:00{Jan 0] 5| 0| 115.6| 111.1] 107.14) 88.5%) 0| 0] 8.44]
01:01-2019 20:30] 20:30:00[3an 0 9 0 1156) 1065 107,14 88.5% 0 [l 844
01-01-2019 21: 30[ 21:30:00}Jan 0] 25| 0| 115.6| 90.3) 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 22:30| 22:30:00{Jan 0] 56| 0| 115.6| 59.5| 107.14) 88.5%) 0| 0] 8.44|
01-01-2019 23:30| 23:30:00{Jan 0] ﬁ{ 0| 115.6| -26.0) 107.14) 88.5%) 0| 0] 8.44|
02-01-2019 00:30| 00:30:00{Jan 0] lﬁ{ 0| 115.6| 9.9 107.14) 88.5%) 0| 0] 8.44|
02:01-2019 01:30| 01:30:00|Jan 0] 107] 0| 115.6| 8.9 107.14) 88.5%) 0| 0] 8.44]
i 02:01-2019 02:30] 02:30:00[3an 0 119 0 1156] 00] 107,14 88.5%) 0 [l 844
O peratlo ns 02-01-2019 03: 30[ 03:30:00}Jan 0] 127} 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
02-01-2019 04:30| 04:30:00{Jan 0] 109) 0| 115.6| 6.5| 107.14) 88.5%) 0| 0] 8.44|
Cal C u | ated 02-01-2019 05:30| 05:30:00{Jan 0] | 0| 115.6| -38.2) 107.14) 88.5%) 0| 0] 8.44|
02-01-2019 06:30| 06:30:00{Jan 0] 49| 0| 115.6| 66.2) 107.14) 88.5%| 0| 0] 8.44]
for 8760 02012019 nmo‘ 07:3000]Jan 2 2 0 1156] 615 107.14 88.5% 0 [l 844
02012019 08:30] 06:30:00[lan 111 7 [ 115 00 1071 88.5%) [ o .44
ho urs per 02-01-2019 09:30| 09:30:00{Jan 180| 2| 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
year b ut 02-01-2019 10:30| 10:30:00{Jan pr 2| 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
02-01-2019 11:30| 11:30:00{Jan 250| 3] 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
agg regate 02:01-2019 12:30[ 12:30:00[Jan 254 4 0 115 X 107.14 88.5%) [ q 8.4
02:01-2019 13:30] 13:30:00[3an 243 4 0 1156] 00] 107,14 88.5% 0 [l 844
d at 02-01-2019 14: 30[ 14:30:00{Jan 212| 4 0| 115.6| 0.0 107.14] 88.5%) 0 0f 8.4
02-01-2019 15:30| 15:30:00{Jan 164) 5| 0| 115.6| 0.0 107.14) 88.5%) 0| 0] 8.44|
month |y 02.01-2019 16:30[ 16:30:00]Jan 93 El 0] 115.6] 140} 107.14) 83.5% 0] of 844
02-01-2019 17:30] 17:30:00[Jan 13] 17] 0| 115.6) 86.2) 107.14] 88.5%) 0] 0| 8.44 mo%
level 02:01-2019 18:30] 16:3000]Jan [ % 0 1156] 902 107.14 88.5% 0 [l 844
02:01-2019 19:30] 19:30:00[3an 0 3 0 1156] 503 107.14 88.5%) 0 [l 844
02-01-2019 20: 30[ 20:30:00}Jan 0] 38| 0| 115.6| 77.9) 107.14) 88.5%) 0| 0] 8.44|
02-01-2019 21:30] 21:30.00]Jan [ 33 o s 3830 30%) 1156] 772) 107.14) 83.5% 0] 0| 8.44] 100% 524985




Calculation Sheet 3 | Cash flows of plant

» Levelized cost calculations are based on a levelized average lifetime cost approach, using the discounted cash flow (DCF)/NPV
method. WACC is considered as the discount rate which is a function of cost of debt, cost of equity and debt to equity ratio.

* NPV/DCF approach has been preferred over IRR/CRF approach to simplify comparisons against geography, technologies,
balancing mechanism, etc. The user can optimize the WACC/discounting factor to reflect their own cost-of-capital

Operational year 1-25

Parameter Unisear Projec Lietme Sum 5 T 7 3 T s 5 7 T 5 fm i = 7 3 i ) E) E F
Opertond Tors o 0 o0 o0 o0 T o0 o0 o0 T o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0
Cummithe Opersioei s ours o o160 w0 w2 000 a0 250 w20 o000 010 o000 w000 w5120 11000 e 1000 o0 10 76 o0 17520 e300 1o o100
Actual and Dscount Rate 160 G0t o100 omams Geesen Goise 30 casoar T [T o o8 ozeszs azsene o2uss ozites o662 amrez o160t 010034 ox0m otz 00604 o2
FowerSupp
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Data Sheet 1 | Power

Power data sheet includes all the assumptions related to RE power supplier to H2-NH3 plant. There are two inputs for each data
point, 1. Modelled Values: The user can adjust these values to see impact of levelized cost, 2. Default Values: These are default
values provided by MEC+ to guide the user. MEC+ may update these values in future version of the model.

Three sub-modules in Power data sheet

Technology capex/opex Module

Power Banking module

Grid charges module

e —r [Banking charges
Solar Farm Parameters ‘Bankmg period [Momh\v |
3,6100000
1994
T Banking charges Modelled values Default velues
o m
<1, ‘xu; State Banking charges (%| B:::I;f;“:/;;; be Banking charges (%of (Banking Limit (% of generation
’”‘ of banked kWh) Iglank;d)‘ banked units/ kWh)  [that can be banked)
] Gujarat 2%| 100%|
52500
1 5%‘ Rajasthan 2% 100%|
- sné‘ % 1004
o m,z‘ Kamataka 2| 100%
2 Tamil Nedu % 100%
[Offshore Wind Farm Parameters ] |Punab b 100%
[capex. 2 e por 228600000 . Utar Pradesh i 100%
| 5404 = .
50 m‘ oo e odisha % 100%
Z% |Andhra Pradesh 2% 100%
w} Madhya Pradesh 2| 100%|
[ Haryana M 100%|
] Chhattisgarh 2| 100%
I Telangana 2| 100%
Kerala 2% 100%

» Covers assumptions related to capex, opex, lifetime,
learning rate, degradation rate, depreciation rate, etc.
for solar, onshore wind, offshore wind and Li-ion
batteries

« Covers assumptions related to banking limit and
baking charges. These assumptions are policy
dependent and typically have an annual refresh cycle

» States are yet to come up with banking policy for
green hydrogen. For this version of model, it is
assumed that states will allow 100% banking with low
charges for green hydrogen to give it a policy push

Covers assumptions related to grid charges
applicable on supply of power from RE plant to H2-
NH3 plant

There are two sub-modules- 1. Charges applicable
on direct settlement of power, i.e., produced and
consumed in same hour, 2. Charges applicable on
settlement of power through power exchange (invites
additional charges)

giz



Data Sheet 2 | H2-NH3-Fertilizer

H2-NH3-Fertilizer data sheet includes all the assumptions related to hydrogen plant, ammonia plant and Fertilizer plant (Urea, DAP
and NPK). There are two inputs for each data point, 1. Modelled Values: The user can adjust these values to see impact of
levelized cost, 2. Default Values: These are default values provided by MEC+ to guide the user. MEC+ may update these values in

future version of the model.

Three sub-modules in H2-NH3-Fertilizer data sheet

Hydrogen module

)

mmonia module

Fertilizer module

(Ammonia parameters m
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» Covers electrolyser assumptions related to capex,
opex, lifetime, learning rate, degradation rate,
depreciation rate, minimum turndown load, etc

» Covers desalination plant assumptions related to
capex, opex, brine management, etc.

» Covers hydrogen storage assumptions related to
capex, opex, minimum turndown level, lifetime, etc.

Covers assumptions on Haber Bosch related to
capex, opex, lifetime, learning rate, degradation rate,
depreciation rate, minimum turndown load, etc

Covers assumptions on Cryogenic ASU related to
capex, opex, lifetime, learning rate, depreciation rate

Covers assumptions on ammonia storage related to
capex, opex and duration

Covers assumptions on Urea plant related to cash
cost calculation equation for green and grey urea,
cost of CO2, blending %, etc.

Covers assumptions on DAP and NPK plant related
to cash cost calculation equation for green and grey
DAP/NPK cost, cost of phosphoric acid, potassium,
etc.



Data Sheet 3 | Site profile

+ Site profile data sheet includes hourly generation profile of solar, onshore wind and offshore wind sites across different states
considered for the modelling

* Model also allows user to upload a custom site profile to evaluate results

Three sub-modules in Site profile data sheet

Solar module Onshore wind module Offshore wind module

e

HEE

EEE

S

1

AR

HEEIHEIH

» Covers hourly generation profile for offshore wind in
Tamil Nadu for the year 2019

» Covers hourly generation profile for solar across 14 Covers hourly generation profile for onshore wind

different states for the year 2019 across different states for the year 2019 o
* The data has been sourced from Renewables Ninja » The data has been sourced from Renewables Ninja L o!ata IS ) SOWC‘?d from_ REMEE DS .N'nja
. . . . website for a coastal site in Tamil Nadu for which
website and is based on weather data from global website and is based on weather data from global D .
. . X - . - CUF has been bumped in line with CUF reported by
reanalysis models and satellite observations reanalysis models and satellite observations
NIWE and other outlets
» User has option to add profile of their own site * User has option to add profile of their own site

» User has option to add profile of their own site



Data Sheet 4 | Optimized solutions

» Optimized Solutions sheet includes RE and Electrolyser plant configuration which give lowest cost of ammonia while meeting
pre-defined KPI for NH3 plant, i.e., PLF >85%, shut down time of <1000 hour and H2 surplus of <5% (of total generation)

* The purpose of optimized solutions is to provide User of NH3 dashboard with a baseline plant configuration and cost levels, so
that user is not limited by the knowledge of RE, H2 and Ammonia plant.

Two sub-modules in Optimized Solutions data sheet

Monthly Settlement Hourly Settlement

MontlySetfement oy
IRE Generation Technolog Solar Soar ISoar ISdar Soar Soar [Soar [Soar [odar looar IRE Generaton Technology ~ [Solar [Sor [5lar fSolar [Solar [olar {Onshore Wind (Onshore Wind (Onshare Wind (Orshore Wind {Onshore Wind
(Class Oass | Cass | (Clss | Class Clss Clss | Class | Class | lass Il [lass Il (Das 3 (0as| el sl sl (el [Cas| s s Ty ks T (as I
Bttery Sorage o ] o o o o o o o o Batery Storage e fes [les [fes les les [les [fes les [les [les
Balancing Technology id Barking (Gid Baring o Banking o Brking (G Banking (G Banking lo Barking lo Barking (o1 Baking (o1 Baking [Balancing Technglogy Mo Bring Mo Brking [l Barkin o Baking Mo By Mo Bning Mo Barking Dl Barkin o Baring Mo Baing Mo Brking
[Bectolyse Type PE Akdlire IPEN lalne IPEN ke IPEN ke JPEN |akeine [Bectoyse Type (il Mlalne @l Wcline (il lialne @l Wlkline el laine PEM
ISola0ass oG ISoa0ass NoGrid ISoarCass ol IS0arCass INoGid IS0rClass INOGid IS0rCess Mollo IS0rCiess Mollo SoClas IoGid olaCless INoGid Solaas et [olaCls Neslo [oaCls Mestlo flaCes estlo SlaCas st (ol e Vind s e (Onshore WindCs| Pt s VindCzss esto
tchCode I I StarCiss oo BangPE ) iy " o ) e . 5 . 5 § ) . Tainadfesho 5
BaiopEl Bnkigklne Barkinhlaine BankigPEN Bakinhlkelne IBakingPEN IBakingAkaine IBarkingPEN [BarkingAkeine BankingPEM BankingAlane BakingPEM [ankingAlalne BankingPE BenkingAlaine BenkingPEM [ankingAlkalne e BankingPEM
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* The optimal configuration varies by the type of settlement chosen- monthly vs hourly since the fundamental plant design are different in the two cases

» The optimal configuration is on five dimensions- 1. RE oversizing, 2. Solar to wind ratio, 3. Electrolyser oversizing, 4. Battery size and 5. H2 storage size,
and is influenced by five design parameters- 1. RE tech, 2. RE resource class, 3. Battery selection, 4. Balancing mechanism, 5. Electrolyser tech.
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Framework | Cost of green ammonia is determined by four factors

Boundary condition:

Definition of Green Ammonia
* Monthly Settlement
* Hourly Settlement

Policy
Definitions
Subsidies and
Incentives
Charges and
taxes

Note* Wind and solar grid constraints taken into account

Source: MEC Intelligence analysis

PI

C

ant Utilization

RE generation profile

RE resource quality at
location

Balancing tech. (battery, H2
storage)

Operational characteristics of
plant

9 _

Capex and Opex

Production of

Green e *

Ammonia and
Fertilizers

/Q\

ost of Capital (WACC)
Cost of debt

Cost of equity

Debt : Equity ratio

Depreciation

Cash flow duration

System design
Technology choices
Feedstock

Learning rates
towards 2034




Framework | Within the four factors, 25+ parameters impact the cost of green ammonia, out of
which model allows flexibility on ~14 parameters

Key
parameters

Plant
utilization
(CUF)

Policy
definition and
charges

Capex and
Opex

Cost of
capital

LCOE
SrchSroes _/ Cost of capital

Opex

Capex

Generation profile as per RE

Site Location
Balancing tech.- Battery
storage

Curtailment rate

Grid charges as per CTU/STU
connectivity of RE-NH3 plants
Waive-offs and incentives on
grid charges

RE Tech.- Solar, ON wind, OF
wind, Storage and learning rate
Year of commissioning of plant:
2025-2034

System size in MW

Cost of debt and equity

Debt: Equity ratio

Depreciation rate and cashflow
duration

LCOH

Cost of capital / Opex

Capex

111 LCoE

Plant availability based on RE
generation

location and connectivit
Electrolyser tech. and
operating characteristic

Type of Settlement: Monthly vs
Hourly

Power Banking vs No Banking

PEM and learning rate
Water source: Desalination vs
Pipeline

System size in Tonne per Day/
MW

Cost of debt and equity

Debt: Equity ratio

Depreciation rate and cashflow
duration

@ User adjusted
Default inputs

LCOA

Cost of N2 Cost of capital
\ Opex

- \Capex
::] LCoH

Plant availability based on RE
generation

Plant availability based on H2
generation

Plant availability based H2
storage (balancing tech.)

Type of Settlement: Monthly vs
Hourl

Power Banking vs No Banking

NH3 tech: Haber Bosch and
learning rate

ASU tech: Cryogenic

System size in Tonne per Day/

Cost of debt and equity

Debt: Equity ratio

MW

Depreciation rate and cashflow
duration

giz



Definition | Green Hydrogen/Ammonia definition considered in Europe and India

Definition

Rules-
Temporal and
Geographical
Correlation

India

* Green Hydrogen/Ammonia is defined as
Hydrogen/Ammonia produced by way of
electrolysis of water using Renewable Energy

* Includes Renewable Energy which has been
banked and Hydrogen/Ammonia produced from
Biomass

* No specific rules around temporal correlation of
RE power production and consumption have been
defined yet, however, policy provides monthly
power banking facility which indicates a Monthly
settlement mechanism, i.e., it is green
hydrogen/ammonia if RE power consumed is
generated in the same calendar month

» No specific rules around geographical correlation.
In their absence we assume that RE power plant
and H2-NH3 plant can be located anywhere
across India

Green Hydrogen/Ammonia comes under
‘Renewable liquid and gaseous transport fuels of
non-biological origin’ which are defined as those
produced from Renewable Electricity

Until 31 December 2029, the temporal correlation
condition shall be considered complied with if the
renewable liquid and gaseous transport fuel of
non-biological origin is produced during the same
calendar month as the renewable electricity
produced

From 1 January 2030, the temporal correlation
condition shall be considered complied with if the
renewable liquid and gaseous transport fuel of
non-biological origin is produced during the same
one-hour period as the renewable electricity
produced


http://da.wikipedia.org/wiki/Fil:Flag_of_India.svg

settlement requires balancing mechanisms for steady operation of H2-NH3 plant

but is fairly consistent. CUF variation

i
W .




Plant design for Hourly Settlement | Battery and H2 storage act as the balancing mechanisms for
intermittent RE

Surplus Power

RE Power Plant
H2 Production & Storage

H2
P Balancing th h 2 EELEGIEIT Temperature: -33°C
ower Balancing throu .
e Temperature: 20°c | trough Pressure: 1 Bar
Battely Pressure: 30/60 Bars iz Liquid
' Storage
tank
NH3 LOOP
. En° Purge Gas
Temperature: 50°C Electrolyser — >
Pressure: 30 Bars (PEM) Hydrogen ¢ Recycle Gas
10 Bars (ALK) )
Production H2 H2
Compressor
DM water
Temperature: 400°C
Pressure: 160 Bars
02 +
Other
Ai i Cryogenic
Water Ir Air —» AsU& Temperature: 170°C
> Compressor Storage Pressure: 8 Bars
Desalination DM Water
Plant
Note:

Source: MEC+ Analysis



Plant design for Monthly Settlement | Grid Banking and Power Exchange act as the balancing
mechanism for consistent power supply

Surplus Power

RE Power Plant H2 Production
02 °
Power Balancing through Temperature: -33°C
Grid Banking or Power P_res_sure: 1 Bar
Exchange Liquid

NH3 LOOP
. En° Purge Gas
Temperature: 50°C Electrolyser — >
Pressure: 30 Bars (PEM) Hydrogen ¢ Recycle Gas
10 Bars (ALK) Production H2 H2
Compressor
DM water
Temperature: 400°C
Pressure: 160 Bars
02 +
Other
Al : Cryogenic
Water Ir Air —» AsU& Temperature: 170°C
mmm> Compressor Storage Pressure: 8 Bars
Desalination DM Water
Plant
Note:

Source: MEC+ Analysis



Geography | Sites considered by RE technology and their CUF; variability and curtailment
assumptions

Solar states/zones with CUF Onshore wind states/zones with CUF Offshore wind states/zones with CUF

B Class | CUF -21% B Class | CUF -42% B Class | CUF - 48%
Class Il CUF- 19.2% Class Il CUF- 35%
Class Il CUF- 16.4% Class Ill CUF- 27.5%

% % »

Note: CUF- Capacity Utilisation factor H
Source: MEC+ analysis g I Z



Power flow framework | For power settled in same hourly window

Framework of charges for power settled in same hourly/15-min window for inter-state and intra-state flow

State GENErator el :
|

CTU Losses + RLDC Inter-State Grid .
Charge ! Verify CTU charge

Central Generator paEEEEEEEEEEs POC SEalEiEiESl POC ot > 9
POC Withdrawal +

RLDC charge

--------------------------------------------------------- CTU OA consumer
POC Withdrawal +

- Generator RLDC charge
STU S/S or Grid

W cTusisor Grid

[] piscom sis or Grid

- Consumer

Note: CTU: Central Transmission Utility; STU: State Transmission Utility; SLDC: State Load Dispatch Center; RLDC: Regional Load Dispatch
Center; OA: Open Access; POC: Point Of Connection; Tx: Transmission
Source: PGCIL; OA Policy; RLDC/SLDC; mec+ analysis


https://www.powergridindia.com/
https://nrldc.in/role-of-rldc/

Power flow framework | For power sold and procured from power exchange

Framework of charges for power sold and procured from exchange and modelled in the Tool

State Generator

STU charges + STU
losses + SLDC charge

CTU losses + RLDC
Charge POC Withdrawal

RLDC charge verify
o

CTU charges + CTU _ _
losses + RLDC Charge IEX margin IEX margin

POC Withdrawal

i RLDC charge

- Generator losses

STU S/S or Grid

W cTusisor Grid

[] piscom sis or Grid

- Consumer

Note: CTU: Central Transmission Utility; STU: State Transmission Utility; SLDC: State Load Dispatch Center; RLDC: Regional Load Dispatch
Center; OA: Open Access; POC: Point Of Connection; Tx: Transmission
Source: PGCIL; OA Policy; RLDC/SLDC; mec+ analysis


https://www.powergridindia.com/
https://nrldc.in/role-of-rldc/

Power Banking Framework in India

Management of excess power through banking mechanism at intra-state level

RE plant selling to OA consumer: Unconsumed electricity by OA consumer

Energy Absorption by
Banking ) DISCOM
x\ ~ Un-banking by
e >
. 9! OA consumer
X units | X-loss DISCOM

y units

Buy-back of unutilized power
(X — loss) — y units

A RE plant selling power under open access can bank unconsumed power by consumer with the DISCOM for a given
banking period by paying banking charges in kind

The banked power can be unbanked by the OA consumer within the banking period; unconsumed units are compensated by
DISCOM at reduced tariff to plant

Charges levied in kind
Charges = C% of Banked power

Or absolute banking charges

Banked energy to be bought back at a certain percentage of PPA tariff or APPC

Buy-back rate = P% * PPA Tariff or P% * APPC

]

Note: C%- Banking charges (2%-12%); P%- Percentage of tariff applicable (60%-75%)
* Wheeling losses charged once at the time of injection of power
Source: MEC+ analysis g I Z



Urea | Brownfield plant with blending of green ammonia

) _Coqadermg fert|||ze_r market 1) el Steam Methane Reforming Ammonia Synthesis Loop Urea Production
is highly regulated, it is expected that

green fertilizers will be manufactured
in existing brownfield projects by
introducing green ammonia in the
fertliser plant. The green ammonia CH4
produced will be an integrated

A 4

hydrogen and ammonia loop

+ CO2is a major feedstock in Urea Syngas Mixture :
production (0.74 ton CO2 per ton N2+H2 NH3 Urea
Urea). > >

* 100% replacement of grey ammonia N2 LT b (1 MTPA) (1.75 MTPA)
with green ammonia is not possible H2- 0.176 MTPA
without an external source of CO2.

A A

* However, blending of green
ammonia with grey ammonia is
possible._This is beca_use ~0.6-0.8 H,O (Steam)
ton CO2 is produced in form of flue
gas from heat generating combustion
process in existing natural gas-based
plants, as a pure stream originating
from the separation process of the
ammonia synthesis feed

y

CO2 (~1.2 MTPA)

Pure CO2 stream originating from the separation
process of the ammonia synthesis feed
Currently released
* In the model, we have considered in atmosphere;
20% blending of green ammonia with requires carbon
grey ammonia CO2 (0-6'0-8 MTPA) > recovery unit to
capture the CO2

which will have an
Emitted in low concentrations in the flue gas additional cost

from heat generating combustion processes

A

26 \Source: mec + analysis, Technical reports



Urea | Equation for cost calculation of Urea

INPUTS

Cost of Natural
Gas in USD per
MMTBU

Natural Gas
consumed per
ton Urea= 22
MMTBU

Fixed cost of
Urea Plant= 170
USD per ton
Urea

Cost of Green
Ammonia

Green Ammonia
consumed per
ton blended
Urea= 20%*0.57
ton

Cost of captured
CO2

Captured CO2
consumed per
ton blended
Urea= 20%*0.74
ton

EQUATION FOR

COST

CALCULATION

OUTPUT

27 \Source: mec + analysis, Technical reports

22*Cost of natural gas in USD
per MMBTU + 170 USD

Cost of Grey Urea in USD per
ton and INR per ton

0.2*0.57*Cost of green ammonia +

0.2*0.74*Cost of captured CO2 + 0.8*22*cost

of natural gas per MMBTU+ Fixed cost p
Urea

er ton

l

Cost of Blended Urea in USD
per ton and INR per ton




DAP and NPK | Brownfield project where we replace imported ammonia with green ammonia

DAP plants located portside and consuming imported ammonia

Q@ Location of DAP plants

» Considering fertilizer market in India is highly
regulated, it is expected that green fertilizers
will be manufactured in existing brownfield
projects by either replacing grey ammonia
with green ammonia or blending green
ammonia with grey ammonia

» Several DAP and NPK plants in India are
using imported ammonia to produce the Q
complex fertilizers. These plants are typically 9 9
located at ports (see graphic)

« Considering the ease of storage and transport 9 9
of ammonia, we believe 100% replacement of
grey ammonia with green ammonia is possible
in existing DAP and NPK plants

* In the model, we have considered full
replacement of grey ammonia with green 9 9
ammonia for DAP and NPK production in a
brownfield project 9



DAP and NPK | Equation for cost calculation of Green DAP and NPK

Ammonia Phosphoric acid Potassium oxide
INPUTS Cost of Green consumed per Cost of consumed per Cost of consumed per Fixed cost of
) P phosphoric acid ton DAP & potassium oxide _ P DAP/NPK plant=
Ammonia ton DAP and _ ton NPK= 0.23
_ per ton NPK= 0.47 ton per ton 58 USD per ton
NPK= 0.23 ton ton
and 0.6 ton
I
A\ 4
. : 0.23*cost of green ammonia +
EQUATION FOR U2 EIESE G1f @A Vel 0.6*cost of phosphoric acid +
COST 0.47*cost of phosphoric acid + fixed . : : :
0.23*cost of potassium oxide + fixed
CALCULATION cost (54 USD per ton)
cost (54 USD per ton)
Cost of Green DAP in USD Cost of Green NPK in USD
OUTPUT per ton and INR per ton per ton and INR per ton

29 \Source: mec + analysis, Technical reports
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Lowest cost of Green Ammonia will be in monthly settlement with power banking, alkaline
technology, solar in Rajasthan, which is competitive with blue ammonia at current price level of

natural gas

Comparison of cost of Green Ammonia in various scenarios against grey/blue in 2025 Green Ammonia ‘Mode!' Plant Spec
INR/Kg Size= 100 KTPA
Solar + Onshore Solar + Onshore Wind + Battery Target annual PLF= >85%

Solar in RJ

Windin GJ Storage in GJ Target annual shutdown time= <1000 hr
Hydrogen surplus limit= <5%

110.9 Commissioning year= 2025

57.8
48.2
38.6

Monthly Monthly Hourly Hourly @10 @14 @18 @10 @14 @18
Settlement Settlement Settlement Settlement  USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU
with Banking without Banking (<1000 hr (<30 hr natural gas natural gas natural gas natural gas natural gas natural gas

shutdown) shutdown)
Green Ammonia Grey Ammonia Blue Ammonia

* The best case for Green Ammonia in 2025 will be competitive with blue ammonia produced at current gas price of 14 USD/MMBtu
« Ammonia produced in monthly settlement without banking is relevant for exports while ammonia produced with hourly settlement will be relevant for

export to countries who adopt hourly settlement of RE used

Note: RJ — Rajasthan; GJ — Gujarat;
Source: MEC+ Analysis g I Z



Monthly- Banking | Cost of Green Ammonia varies by RE Technology with banking across India with
higher ranges expected due to onshore wind alone

Comparison of cost of Green Ammonia by RE Technology in Indiain 2025 Green Ammonia ‘Model! Plant Spec

INR/Kg Unavailability of wind for extended Size= 100 KTPA
periods (~15 day) between Sept-
Grey Ammonia price in 10- Blue Ammonia price in 10-18 Nov leading to plant shut downs Target annual PLF= >85%
18 USD/MMBtu gas price USD/MMBtu gas price Target annual shutdown time= <1000 hr
100 4 MP Hydrogen surplus limit= <5%
90 A 92.1 Commissioning year= 2025
80 ~
70 A
KL MP @18 USD/MMBtu
60 - 62.5 63.3 597 gas price
GJ 52.9 I
50 1 49.9 :
GJ
40 ~ RJ
30 ~
20 High variance in PLF of Class | (96%) and Il (87%) @zéo lrfCSeD/MMBt“
resource. Increasing PLF for Class Il resource through solar gasp
10 - oversizing results in unutilized surplus in months of high
solar irradiation, leading to higher cost of production.
O m
Solar Onshore wind Solar + Onshore Wind
NH3 Plant PLF: 87— 96% NH3 Plant PLF: 85 — 87% NH3 Plant PLF: 88 — 90%
Shutdown time: 0 hr Shutdown time: 702 — 995 hr Shutdown time: 0 hr

Standalone Solar is the lowest cost technology option in monthly settlement with banking, followed by Solar- Onshore Wind hybrid and Standalone
Onshore Wind

Green Ammonia produced with RE from RJ (Solar) and GJ (Solar + Onshore Wind) can compete with blue ammonia and grey ammonia (with govt.
support) at current price levels (@14 - 18 USD/MMBtu gas price)

Note: RJ — Rajasthan; KL — Kerala; GJ — Gujarat; MP — Madhya Pradesh; TN — Tamil Nadu -
Source: MEC+ Analysis g I Z



Monthly- No Banking | Without power banking facility, surplus power is sold on exchange while deficit
is bought from exchange, leading to >10 INR per Kg increase in cost of ammonia across all the RE

Technology
Comparison of cost of Green Ammonia by RE Technology with monthly settlement via exchange set up in 2025 Green Ammonia ‘Model! Plant Spec
INR/Kg Size= 100 kTPA
o o Unavailability of wind for extended  aro
Grey Ammonia price in 10- Blue Ammonia price in 10-18 periods (~15 day) between Sept- Target annual PLF= >85%
18 USD/MMBtu gas price USD/MMBtu gas price Nov leading to plant shut downs Target annual shutdown time= <1000 hr
MP Hydrogen surplus limit= <5%
110 - 110.0 Commissioning year= 2025
100 H~
90 + KA
86.4 78.3 MP
80 H
74.5
. 72.3 l .
18 USD/MMBtu
60 - RJ GJ 63.3 gas price
50 - GJ
40 +
30 -
20 A @10 USD/MMBtu
gas price
10 H
0
Solar Onshore wind Solar + Onshore Wind
NH3 Plant PLF: 88— 92% NH3 Plant PLF: 85 — 87% NH3 Plant PLF: 90%
Shutdown time: 0 hr Shutdown time: 695 — 995 hr Shutdown time: O hr

Solar-Onshore Wind hybrid is the lowest cost technology option in monthly settlement with no banking, followed by standalone Solar and Onshore Wind
Green Ammonia produced with RE from GJ (Solar + Onshore Wind) can compete with blue ammonia (with govt. support) at current price levels (@14 -

18 USD/MMBLtu gas price) with no banking

Note: Power purchase/sale from exchange assumed at same price. Increase in LCOA (compared to banking) due to grid charges. Battery
storage is not considered as exchange is used; RJ — Rajasthan; KA — Karnataka; GJ — Gujarat; MP — Madhya Pradesh g i Z

Source: MEC+ Analysis



Hourly- High flexibility | Cost of ammonia increases further by >10 INR per Kg in case of hourly
settlement wherein NH3 plant is running proportional to RE power available in that hour

Comparison of cost of Green Ammonia by RE Technology for hourly settlement of a plant setup in 2025 Green Ammonia ‘Model! Plant Spec
INR/Kg Size= 100 KTPA

Grey Ammonia price in 10- Blue Ammonia price in 10-18 Target annual PLF= >85%

18 USD/MMBtu gas price USD/MMBtu gas price

Target annual shutdown time= <1000 hr

Hydrogen surplus limit= <5%

200 MP Commissioning year= 2025
183.2
150 ~
KL
100 - 102.1 96.2
89.2 : l 92.1
RJ I @18 USD/MMBTU
76'OGJ 73.2 GJ gas price
50 -
@10 USD/MMBTU
gas price
0
Solar + Battery Storage Onshore wind + Solar + Onshore Wind Solar + Onshore Wind
Battery Storage + Battery Storage
NH3 Plant PLF: 86 — 87% NH3 Plant PLF: 87% NH3 Plant PLF: 86 — 87% NH3 Plant PLF: 87%

Shutdown time: 963 - 997 hr Shutdown time: 994 - 998 hr Shutdown time: 993 - 997 hr Shutdown time: 977 - 991 hr

+ Solar-Wind and battery storage hybrid is the lowest cost technology option in hourly settlement no banking, followed by Solar-Wind hybrid, Solar and

battery storage & Onshore Wind and battery storage
+  Green Ammonia with hourly settlement will require strong financial and regulatory support to compete with grey and blue ammonia

Note: RJ — Rajasthan; KL — Kerala; GJ — Gujarat; MP — Madhya Pradesh -
Source: MEC+ Analysis g I Z



Hourly- Limited flexibility | Significant increase in cost of ammonia (>40 INR per Kg) on running an
‘always on’ NH3 plant

Comparison of cost of Green Ammonia by RE Technology for hourly settlement with <30 hrs Shutdown Green Ammonia ‘Model! Plant Spec
INR/Kg Size= 100 kKTPA
Grey Ammonia price in 10- Blue Ammonia price in 10-18 Target annual PLF= >85%
18 USD/MMBtu gas price USD/MMBtu gas price )
Target annual shutdown time= <30 hr
150 - KL MP Hydrogen surplus limit= <5%
142.0 Yaltarr -
Commissioning year= 2025
l 133.9 Y
124.0 I
RJ 117.2
100 -

@18 USD/MMBTU

gas price
50 -
@10 USD/MMBTU
gas price
0
Solar + Battery Storage Solar + Onshore Wind + Battery Storage
NH3 Plant PLF: 99% NH3 Plant PLF: 99%
Shutdown time: 29 hr Shutdown time: 30 hr

» With shutdown hours limited to ~30 hours, solar + onshore wind + battery is the cheapest option with LCOA at INR 113.5

* Reduction in shutdown hours is achieved by operating at higher PLFs (increased RE and storage capacity) leading to higher LCOA

Note: RJ — Rajasthan; KL — Kerala; GJ — Gujarat; MP — Madhya Pradesh -
Source: MEC+ Analysis g I Z



OPERATIONAL PROFILE | H2-NH3 plant can be run without shutdowns in monthly settlement, but
for hourly settlement, plant shutdowns are observed due to intermittency of RE, especially for the

months of October and November
Operational profile of RE vs H2-NH3 plant for Solar + Onshore wind hybrid (banking in Monthly and Battery in Hourly) for 100 KTPA plant

1 120%
—— NH3 Plant Load
1 100%
— - N B Monthly- No Shutdowns
. 80% a .
- » Grid banking/power from
H 6
g oo exchange enables excess
0 a0% energy to be banked/sold and
0 20% used/bought at times when
0 o RE is not available (LCOA of
s o NN O NN m e 120%
—— NH3 Plant Load
1 M —— 100%
) ‘ a0 Hourly- For shutdown time
< <1000 hrs
g 1 60% _
* Multiple shut-downs/turn-ons
0 40%
of plant throughout the year
© 20% . 5
| } Requires high degree of
O i fciissszzsrrsiiiiiii: Trrrrrriiciciizz===2 S Y YT EEEEALNSE S 322223582 53% 0% flexibility in ammonia process
SE82888p30222232252282228288888883333332222222222223 cco5c0c2222828888848%
BEHSNeH S N8 b 0NN RES TSNS 8ot 088Ada80 888335959380 ARS8l RRRIS I NAREENNAR (Haber-Bosch)
1 120%
——NH3 Plant Load
1 T 100%
. . Hourly- For shutdown time
<30 hrs
£
21 60% » Significant RE oversizing and
. 0% battery storage can reduce
the shutdown hours to
0 20% resemble the operational
. » profile traditional ammonia
B EEEEEE8 8888 s s 000 b b 05555333323 2885540000 5 5808882223338 8088Y plant
S8HARNRABANRAYBNNAREETARNRIgE oA B8R RARO T A g8 AB8NURREBANRRIBINRREBENRR

Note: LCOA - Levelized Cost of Ammonia
Source: MEC+ Analysis




BY TIMELINE | Trend in Cost of Ammonia towards 2034 for the archetype plant in monthly-banking,

No-Banking and Hourly Settlements

Comparison of lowest cost of Green Ammonia by year of commissioning
INR/Kg

— Monthly- Banking Hourly Settlement
----- Monthly- No Banking

80 173.2 713

70 1633 61.9
vt

50

Green Ammonia ‘Model’ Plant Spec
Size= 100 KTPA
Target annual PLF= >85%

Target annual shutdown time= <1000 hr

Hydrogen surplus limit= <5%

Percentage drop
from 2025-34

61.3 60.2

-

.....................

40 -

10 -

2025 2026 2027 2028 2029 2030

2031

2032

2033 2034

« Green Ammonia in monthly settlement with banking (domestic case for consumption and import substitution) will be competitive with grey ammonia (@14
USD/MMBtu) with support by 2034

Green Ammonia in monthly settlement without banking (export case to countries without hourly settlement requirement) to fall close INR 55/kg by 2032

Note: Monthly- Banking | Solar in Rajasthan; Monthly — No Banking | Solar + Onshore Wind in Gujarat; Hourly Settlement | Solar + Onshore Wind + Battery

Storage in Gujarat
Source: MEC+ Analysis



BY ELECTROLYSER TECH | Cost of Ammonia by Electrolyser technology in Monthly & Hourly

Comparison of lowest cost of Green Ammonia by Electrolyser technology in India in 2025 Green Ammonia ‘Model! Plant Spec
INR/Kg Size= 100 kKTPA
Alkaline Target annual PLF= >85%
Target annual shutdown time= <1000 hr
PEM
Hydrogen surplus limit= <5%
Commissioning year= 2025
‘—.ﬁ 132 75.9
63.3 66.3
49.9 52.1
Monthly- Banking Monthly- No Banking Hourly Settlement
PLF: 95.6 % 95.6 % 89.5 % 89.5 % 87.2% 86.8 %
Shutdown: 0 hr 0 hr 0 hr 0 hr 977 hr 950 hr

With the same plant location and specifications, Alkaline gives INR 2-3 cheaper green ammonia than PEM technology across monthly-banking, monthly- no

banking and hourly settlement scenarios

Note: Monthly- Banking | Solar in Rajasthan; Monthly — No Banking | Solar + Onshore Wind in Gujarat; Hourly Settlement | Solar + Onshore Wind + Battery

Storage in Gujarat
Source: MEC+ Analysis g I Z



LCOA | RE Plant, Electrolyser and NH3 unit are the key cost drivers with Electrolyser oversizing,

hydrogen storage and battery adding costs in hourly settlement

Waterfall of LCOA and key cost drivers incl. capex and opex

INRIKg
ey —

23.8 0, E 1.5 o 0.0 m

CAPEX OPEX OPEX Battery CAPEX  OPEX Elec Water H2 Storage  CAPEX OPEX
RE Plant RE Plant Grid Elec Desalination NH3 Prodn NH3 Prodn
Charges

27.2 m ,,,,,,
Higher grid charges for buying
power from exchange
CAPEX OPEX OPEX Battery CAPEX  OPEX Elec Water H2 Storage = CAPEX OPEX
RE Plant RE Plant Grid Elec Desalination NH3 Prodn NH3 Prodn
Charges
Higher oversizng 'm' 777777 _m_ 777777 _m- ,,,,,, ‘ZF
L

1 day of H2 storage

For generation Due to Electrolyser

shift oversizing
CAPEX OPEX OPEX Battery CAPEX OPEX Elec Water H2 Storage  CAPEX OPEX
RE Plant RE Plant Grid Elec Desalination NH3 Prodn NH3 Prodn
Charges

49.9

Total

63.3

Total

73.1

Total

Monthly Banking

* RE plant (56%),
electrolyser (23%) and
NH3 Unit (17%) are the
major LCOA drivers

Monthly No Banking

* Buying power from the
exchange to meet monthly
demand (when RE is
unavailable) leads to
increase in grid charges

Hourly Settlement

* Increased cost of RE,
electrolyser oversizing,
hydrogen storage and
battery leads to increased
LCOA

Note: Elec — Electrolyser; Prodn — Production; Archetype plant specifications (considered in the above slides) used for monthly and hourly

scenarios; LCOA — Levelized cost of Ammonia
Source: MEC+ Analysis




CAPEX | RE Plant, Electrolyser and NH3 unit are the key cost drivers with Electrolyser oversizing,

hydrogen storage and battery increasing CAPEX in hourly settlement

Waterfall of CAPEX and key cost drivers

INR Crore
~~~~~~~~~~ —H— -
1960 E 785
RE Plant Balancing- H2 electrolyser Water - NH3
Battery Desalination Production
& Storage
~~~~~~~~~~ —— =
2,097 i 785
RE Plant Balancing- H2 electrolyser Water - NH3
Battery Desalination Production
& Storage
o g W
289% _E_ 7777777777 925
RE Plant Balancing- H2 electrolyser Water - NH3
Battery Desalination Production

Total

3,392

Total

4,615

Total

Monthly Banking

* RE plant (59%)),
electrolyser (24%) and
NH3 Unit (15%) are the
major CAPEX drivers

Monthly No Banking

» Capex similar to monthly
banking

Hourly Settlement

* Increase in CAPEX is led
by RE plant, electrolyser
oversizing, added
hydrogen storage and
battery

Note: Archetype plant specifications (considered in the above slides) used for monthly and hourly scenarios

Source: MEC+ Analysis




SENSITIVITY | Cost of capital

Comparison of cost of Green Ammonia at different levels of WACC in 2025
INR/Kg

Base case assumption at

Green Ammonia ‘Model’ Plant Spec
Size= 100 kTPA

Target annual PLF= >85%
Target annual shutdown time= <1000 hr

Hydrogen surplus limit= <5%

Monthly - Grid Banking 10.7% WACC e L it <
Monthly - No banking
90 ... Hourly - No Banking N
80 _ 77-0 ................................
73.2 ............................... 69
............................. i
70 | 67.5 ................................. 66.2
62 9 ................................. 63.3
............... o
60 56.0 .
49.9 52.4
>0 46.3
43.3
40 . | | I I
8.0% 9.0% 10.0% 11.0% 12.0% 13.0%

Weighted Average Cost of Capital (WACC)

+ Asthe WACC increase as does the cost of green ammonia with difference of almost 12-15 INR/kg

Note:
Source: MEC+ Analysis



SENSITIVITY | Ammonia plant operational flexibility

Comparison of NH3 plant shutdown time at different minimum turndown load of ammonia plant

# of hours Green Ammonia ‘Model’ Plant Spec

Size= 100 kTPA

. Target annual PLF= >85r
Il shutdown hours in an year 9
Hydrogen surplus limit= <5%

Commissioning year= 2025

LCOA:INR 73.15/Kg LCOA:INR 72.36/Kg LCOA:INR 71.45/Kg
NH3 plant PLF :87.2% NH3 plant PLF: 88.1% NH3 Plant PLF: 89.3%

984

60% 50% 40% 30% 20% 10%

Ammonia plant minimum turndown

» Flexible technology for ammonia production can significantly reduce the shutdown time and operational profile of NH3 plant resulting in lower cost of

ammonia

Note: LCOA- Levelized Cost of Ammonia in INR/Kg, PLF: Plant load factor
Source: MEC+ Analysis g I Z



Urea plant | Cost of urea produced by blending 20% green ammonia vs grey ammonia at different
gas prices in a brownfield plant

Comparison of cost of producing Urea when blended with 20% green ammonia vs grey ammonia (2025) e .
INR/Kg Size= 100 KTPA
Blended Urea with 20% Green ammonia Target annual PLF= >85%
I Urea produced with 100% Grey Ammonia Target annual shutdown time= <1000 hr

Hydrogen surplus limit= <5%

Commissioning year= 2025

45.35 45.28

39.39 39.71
34.08

31.20

@10 USD/MMBTU Gas @14 USD/MMBTU Gas @18 USD/MMBTU Gas

» Blended urea (with 20% green and 80% grey ammonia) gets more competitive with increase in gas prices
* Blended urea with 20% green Ammonia in 2025 can compete with grey urea at price levels of gas between 14 — 18 USD/MMBtu and is INR 3 more

expensive than urea with 100% grey ammonia at 10 USD/MMBtu

Note: Monthly Banking | Solar in Rajasthan
Source: MEC+ Analysis g I Z



DAP | Cost of DAP produced by replacing 100% grey ammonia (imported) with 100% green
ammonia at different gas prices in a brownfield plant

Comparison of cost of producing DAP with green ammonia vs grey ammonia (2025) T .
INR/Kg Size= 100 KTPA
DAP produced with 100% green ammonia Target annual PLF= >85%
I DAP produced with 100% grey ammonia Target annual shutdown time= <1000 hr

Hydrogen surplus limit= <5%

Commissioning year= 2025

55.59
53.72 5117 53.72 53.38 53.72

@10 USD/MMBTU Gas @14 USD/MMBTU Gas @18 USD/MMBTU Gas

» DAP produced in 2025 with 100% green Ammonia becomes cost competitive with grey ammonia-based DAP at 14 USD/MMBtu gas price
» Currently, production of complex fertilizer like DAP use imported ammonia, this can be replaced with green ammonia produced in India (with govt. support)

Note: Monthly Banking | Solar in Rajasthan
Source: MEC+ Analysis g I Z



NPK | Cost of NPK produced by replacing 100% grey ammonia (imported) with 100% green
ammonia at different gas prices in a brownfield plant

Comparison of cost of producing NPK with green ammonia vs grey ammonia (2025) Green Ammonia ‘Model: Plant Spec
INR/Kg Size= 100 kTPA
Target annual PLF= >85%
NPK produced with 100% green ammonia Target annual shutdown time= <1000 hr
I NPK produced with 100% grey ammonia Hydrogen surplus limit= <5%

Commissioning year= 2025

78.01 78.01 78.01 77.71

@10 USD/MMBTU Gas @14 USD/MMBTU Gas @18 USD/MMBTU Gas

* NPK produced in 2025 with 100% green Ammonia becomes cost competitive with grey ammonia-based NPK at 18 USD/MMBtu
» Currently, production of complex fertilizer like NPK use imported ammonia, this can be replaced with green ammonia produced in India (with govt. support)

Note: Monthly Banking | Solar in Rajasthan
Source: MEC+ Analysis g I Z
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System sizing | How the power demand of H2-NH3 plant is calculated and optimized?

Nitrogen
Production
(ASU)

E.g.: 100 KTPA

Total plant demand

Production Capacities

Annual

Hourly

Power Demand

Hourly

Power Demand for
100k TPA NH.

NH,_Capacity

E.g.: 100 KTPA

Amount of N,
required to produce
the target NH,
capacity

= NH,_Capacity *
(28.134/34.181)
E.g.: 82KkTPA

Amount of H,
required to produce
the target NH4
capacity

= NH,_Capacity *
(6.047/34.181)
E.g.: 18 kKTPA

= NH,_Capacity/
(365*24)

E.g.: 274 TPD

Amount of N,
required every hour
= NH;_Capacity *
(28.134/34.181) /
(365*24)

E.g.: 226 TPD

Amount of H,
required every hour
= NH,_Capacity *
(6.047/34.181) /
(365*24)

E.g.. 48 TPD

= Hourly NH; production
capacity / Specific Energy
Consumption of HB process
(SECyha)

E.g.: 6.28 MW
= Hourly N, production capacity

| Specific Energy Consumption
of ASU process (SEC,gy)

E.g.. 0.78 MW

= Hourly H, production capacity
| Specific Energy Consumption
of Electrolyser (SECpgp o
SEC:ALK)

E.g.: 114.27 MW

6.28 MW

0.78 MW

114.27 MW

114.20 MW




Hourly operations | System can be in any of the five scenarios based on the RE power (P)

generated in any given hour

Nomenclature

A
SPyy T —- 4 @ 135.6 MW
Including 20%
electrolyser oversizing
SPstoic —— FEE. « 114 MW
C
PASU/NHS______D:__—— 7 MW
SPun __E_ 4 MW
NH3 Capacity
- 100kTPA

Operating scenario

A P >SPyax

SPyax > P > SPgroic

SPstoic > P > Pasumrs

Pasumnnz > P > SPyy

RE generated is more than the
maximum power demand of
Electrolyser (including oversizing)
+ NH3 plant

RE power is less than max power
demand but more than demand to
run plant at Stoic levels

RE power is less than Stoic levels
but more than needed to run
NH3/ASU plant at max demand

RE power is less than what is
needed to run NH3/ASU plant at
100% but can run it at >60% PLF
(minimum operating PLF assumed
in the model for HB-ASU process)

RE power is less than what is
needed to run NH3/ASU plant at
minimum operational PLF

Legend

P= RE power produced at any
hour

SPyax= 100% load of the NH+
ASU + Oversized Electrolyser
plant

SPsroic= Power required to
continuosly run the NH3 + ASU
plant at 100% + Pg ecstoic

Pasumns= Power required by
ASU/NH3 plant at 100% load
factor

SPyn= Power required by
ASU/NH3 plant at 60% load
factor. It is also the minimum
power required to produce NH if
H, supply can be maintained from
storage

PeLec= Power required by the
oversized Electrolyser to run at
100% (E.g. 118 MW (135.6 — 7
MW)

PeLecstoic= Power required by
Electrolyser to produce hydrogen
which continuosly feeds into
ASU/NH3 plant without excess H,
generation (E.g. 107 MW)

Source: Research papers- Nayak et al



Hourly operations | Equations for defining power flow from RE plant to calculate amount of
ammonia produced

Power supply from RE plant to Ammonia/ASU Plant, Electrolyser and Battery

Operating
Scenario

Action

Power to
Electrolyser

Power to Battery

(charging)

Power from Battery
(Discharge)

H2 to Storage

H2 from
Storage

A. Supply Stoic Power to system Peiec Charge battery 0; Not required- plant Fill H2 storage 0; Not required-
Charge battery with excess power with the surplus running at stoic level by using surplus plant running at
P > SPyax Store excess hydrogen power, if battery is power, if not stoic level
not fully charged already full
B. Supply Stoic Power to system Peiec— 0 0; Not required- plant Fill H2 storage if 0; Not required-
Store excess hydrogen (SPyax—P) running at stoic level not full plant running at
SPyax > P > stoic level
SI:)STOIC
C. Supply power to system Peiec— 0 Discharge to maintain 00 Discharge H2 to
Draw from hydrogen storage as (SPpax—P) stoic levels of meet Stoic level
SPsroic > P required to maintain stoic electrolyser, if battery (if H2 in storage
> Pasu/iNnHa operations is sufficiently charged is > min level),
Make up for power deficit from and hydrogen supply else 0
battery as required from storage is not
sufficiently available
D. Supply power to system 0 0 Discharge to maintain 0 Discharge H2 to
Draw from hydrogen storage as stoic/min levels of meet minimum
Pasumnz = P required to maintain stoic NH3/ASU and load of NH3 (if
> SPuin operations electrolyser, if battery H2 in storage is
Make up for power deficit from is sufficiently charged > min level),
battery as required and hydrogen supply else
from storage is not 0
E. Supply power to system 0 0 0

sufficiently available

- Make up for power deficit from

SPuyn> P battery, if available, otherwise shut
- Draw from hydrogen storage to

maintain minimum/stoic operations

Source: Research papers- Nayak et al



Monthly settlement | System can be in any of the three scenarios based on the RE power (P)
generated in any given month

Nomenclature

Operating scenario & Action

A
SPioos ~ SRRl
B
SPgoy, — — IS
C

A P >SPig0u

- € @ 84,965 Mwh

At Stoic Levels

B SPigos > P > SPgs

- 4 50,979 MWh

At minimum required
CUF for continued
operations

C SPgy, > P

NH3 Capacity

- 100kTPA

RE generated is more than that
required for 100% CUF of NH3 —
H2 plant in any month. All days run
at 100% CUF and no shut downs

RE power generated in the month
is sufficient to continuously run the
NH3-H2 plant at any CUF between
its operating range 100% to 60%
CUF. No shut downs required

RE power generated in a month is
less than requirement to operate
the plant at minimum CUF. The

Legend

P= RE power
produced at any
hour

SP1000,= Monthly
power demand at
100% CUF of NH,+
ASU + Electrolyser
plant. Equal to No of
days in month*
SPsroic (Hourly
operations)

SPgoy,= Monthly
power required to
continuosly run the
NH3 + ASU +
electrolyser plant at
60% CUF

Target monthly CUF
(%)

RE generation
3 g

in the month

plant will be operate at 100% CUF
for some days and then shut down

Days in month




Monthly Operations | Mechanisms — Grid Banking and No Banking

Power supply from RE plant to Ammonia/ASU Plant, Electrolyser and Battery

Monthly Operating
Scenario

A.

B.

SP10006 > P > SPggy,

Run the entire plant at 100% CUF on all
the days in the month

Surplus power is available for seprate
sales

Run the entire plant at target CUF(100%
> Target CUF > 60%) on all the days in
the month

There is no surplus power available

Run the entire plant at 100% CUF for as
many days in the month till the entire
generration expected in the month is
consumed

Shut down the system, thereafter

Grid Banking

- Power >100% CUF at any time/day
is banked with the DISCOM

- Power is unbanked after paying
banking charges (in units) in
hours/days when power generated is
< 100% CUF

- Power > Target CUF at any time/day
is banked with the DISCOM

- Power is unbanked after paying
banking charges (in units) in
hours/days when power generated is
< Target CUF

- Power >100% CUF at any time/day,
when plant is operational is banked
with the DISCOM

- Power is unbanked after paying
banking charges (in units) in
hours/days when power generated is
< 100% CUF

- On days the plant is scheduled to

shut down, the power is only banked.

No power is unbanked

No Banking

Power >100% CUF is sold at power
exchange

When power < 100% CUF, deficient
power is purchased from power
exchange

Grid and exchange charges are paid
on sale-purchase of power

Power > Target CUF is sold at power
exchange

When power < Target CUF, deficient
power is purchased from power
exchange

Grid and exchange charges are paid
on sale-purchase of power

Power >100% CUF is sold at power
exchange

When power < 100% CUF, deficient
power is purchased from power
exchange

Grid and exchange charges are paid
on sale-purchase of power

On days the plant is scheduled to shut
down, the power is only sold at
exchange. No power is purchased
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Data Sheets| Power Parameters (I/IV)

Components Amount Units Description Source
CAPEX - 2022 3.61,00.000 INR/MW Cape>'< to include turbine equipment, BOS and development Discussion WIFh
cost (incl. land lease etc) developers & investors
FEIEIEIES (]S G2 PR 100000 kw Project capacity considered to determine per MW capex
for Capex
sile reduc_t|on o G 10% % % Reduction in capex for every fold increase in size
per fold of size
Reference Fold increase 10 Decrease in capex increase of capacity
% No. of Fold increase 0.777 % %No. of Folds/ increase in size from reference capacity
o
= Scale Index 1 Index of scale
T
o
e Capex Reduction Factor 8% % % Reduction in Capex due to scaling of capacity
s - . . .
Annual decline rate of . . Discussion with
e 0 0
5 CAPEX towards 2035 1.99% % Annual decline rate till 2035 developers & investors
(@)
2l OPEX - 2023 1.5% % of CAPEX Operational expenditure of the wind farm WEO-2022, Lazard
Annual escalation rate of . . . . .
0 0,
OPEX towards 2035 3% % Rate of increase in Operational Expenditure till 2035 CERC, HERC
Annual AEP degradation 0.04% % Expected decline in wind turbine efficiency over time Aurecon - 2021
Expected useful life 30 Years Solar plant lifetime Assumption
Depreciation rate 3.3% % Calculated based on the plant lifetime




Data Sheets| Power Parameters (II/1V)

Components Amount Units Description Source
CAPEX - 2022 8.43.28.000 INR/MW Cape>'< to include turbine equipment, BOS and development Discussion WIFh
cost (incl. land lease etc) developers & investors
FEIEIEIES (]S G2 PR 100000 kw Project capacity considered to determine per MW capex
for Capex
sile reduc_t|on o G 10% % % Reduction in capex for every fold increase in size
per fold of size
Reference Fold increase 10 Decrease in capex every time an increase of capacity
(7]
% No of Fold increase 0.403 % %No. of Folds/ increase in size from reference capacity
S
g Scale Index 1 Index of scale
a
E Capex Reduction Factor 4% % % Reduction in Capex due to scaling of capacity
=
[ Annual decline rate of . . Discussion with
- 0, 0
S CAPEX towards 2035 1.54% ) Annual decline rate till 2035 developers & investors
(%))
5 OPEX - 2023 1.2% % of CAPEX Operational expenditure of the wind farm WEO-2022, Lazard
Annual escalation rate of . . . . .
0 0,
OPEX towards 2035 5% % Rate of increase in Operational Expenditure till 2035 CERC, HERC
Annual AEP degradation 0.1% % Expected decline in wind turbine efficiency over time Aurecon - 2021
Expected useful life 30 Years Solar plant lifetime Assumption
Depreciation rate 3.3% % Calculated based on the plant lifetime




Data Sheets| Power Parameters (lII/1V)

Components Amount Units Description Source
CAPEX - 2022 22,86,00,000 INR/MW Capex to include turbine, BOP, Development (Incl. FIMOI Initiative
land/seabed lease etc)
FEIEIEIES (]S G2 PR 100000 kw Project capacity considered to determine per MW capex
for Capex
Scale reduc_t|on Of Capex 10% % % Reduction in capex for every fold increase in size
per fold of size
2] Reference Fold increase 10 Decrease in capex every time an increase of capacity
()
% No of Fold increase 0.403 % %No. of Folds/ increase in size from reference capacity
@
e Scale Index 1 Index of scale
S
®
M4 Capex Reduction Factor 4% % % Reduction in Capex due to scaling of capacity
©
|| Annual decline rate of 5.4% % Annual decline rate till 2035 FIMOI Initiati
M CAPEX towards 2035 4% 0) nnual decline rate ti nitiative
o
< OPEX - 2023 2.9% % of CAPEX Operational Expenditure of the offshore wind farm FIMOI Initiative
6] Annual escalation rate of . . . . .
0 0 -y .
OPEX towards 2035 5% % Rate of increase in Operational Expenditure till 2035 EIMOI Initiative
Annual AEP degradation 0.1% % Expected decline in wind turbine efficiency over time EIMOI Initiative
Expected useful life 30 Years Offshore wind plant lifetime Assumption
Depreciation rate 3.3% % Calculated based on the plant lifetime




Data Sheets| Power Parameters (IV/IV)

Components Amount Units Description Source
CAPEX - 2025 9,43,00,000 INR/MW Capex for 8-hour battery pack D N e
Electricity Plan

Annual decline rate of 0 0 . . Draft National
CAPEX towards 2035 4.69% % Annual decline rate till 2035 Electricity Plan
OPEX - 2023 2.5% % of CAPEX Operational Expenditure of BESS NREL ATB

2]

2 Minimum and maximum 5.100% % Mlnlmgm charge to be always retained in the battery at any Lazard -2021

)5 state of charge given time

©

I Round trip efficiency 85% % Ratio of energy output to input in a complete system cycle Aurecon - 2021
Battery replacement cost 65% % of CAPEX Cost of replacing the battery after its useful life NREL ATB
Battery lifetime 10 Years Useful life of battery before it needs to be replaced Lazard - 2021
Expected useful life of system 25 Years Total lifetime of a BESS system Assumption
Depreciation Rate 4% % Calculated based on the electrolyser system lifetime




Data Sheets| Hydrogen Parameters (/1)

For >5 MW for both systems n=0.99

Components PEM Alkaline  Units Description Source
ifi 1 0,
Elect.rolyser stack SEC at 51.44 51.44 KWh per Kg Specific Energy Consumption of stack at 100% IRENA,.NEL ,John
Nominal Load load Cockerill
Electricity load from BoP as 0 0 o . 0 IRENA,NEL ,John
% of Elec. load 10% 10% %0 Energy consumption of BOP as % of SEC at stack Cockerill
fé’zgem SIES Nl 56.6 56.6 KWh per Kg SEC of stack +SEC of BOP IRENA, NEL, Siemens
Electrolyser Maximum Load 100% 100% % WEIOUD (o51e) G el S GIEEie s G IRENA, NEL, Siemens
operate on
% Electrolyser Minimum Load 10% 15% % Minimum load at which the electrolyzer operate on IRENA, NEL, Siemens
(0]
g Stack replacement time 80,000 80,000 hours Lifetime of electrolyzer stack IRENA, IEA, US DOE
@
I Stack degradation 1% 1% % per year Percentage degradation of electrolyser stack ég\r;::nn—Zl, '™
c Water requirement _of 10 10 Litre per kg Amount of deionized water required to produce 1 IRENA,Siemens
] Electrolyser (Deionized) kg hydrogen
CAPEX- 2023 incl. . . McKinsey, Lazard,
Installation 1,10,000 85,000 INR/KW Capex Includes stack, BOP and installation cost TERI, US DOE
Reference Project Capacity . . McKinsey, Lazard,
for Capex 10000 10000 kw Reference Project Capacity for Capex TERI, US DoE
Scale Reduction of Capex 0 o 2 o : oo -
; 0/t
per fold of Size 10% 10% 0 % Reduction in capex for every fold increase in size IEA, McKinsey
Reference fold increase 10 10 Decrease in capex every time an increase of capacity |IRENA, NITI Aayog
No of Folds 1.13 1.13 INR/KW %No. of Folds/ increase in size from reference capacity
Capex Reduction factor 11% 11% Years % Reduction in Capex due to scaling of capacity
For <5 MW: Alkaline=0.69 and PEM =0.79
Scale Index 0.99 0.99 %




Data Sheets| Hydrogen Parameters (lI/111)

Components PEM Alkaline  Units Description Source
Annual decline rate of o McKinsey, Lazard
0 0, 0, ’ ’
g CAPEX towards 2035 11% 9% Y0 Expected annual decline in the electrolyser capex TERI, US DoE
@ 0
% OPEX- 2023 1.50% 1.50% ::;?;ggfex Operational Expenditure of the electrolyser IEA, McKinsey
3
o
= = lEEiEljEer S 36% 36% % IRENA,NITI Aayog
| replacement cost
»
Land Lease cost 43,036 55,000 INR/KW Land lease cost for setting up the electrolyser plant Gigastack
Expected Useful Life 25 25 Years Electrolyser plant lifetime Assumption
Depreciation 4% 4% % Calculated based on the electrolyser plant lifetime




Data Sheets| Hydrogen Parameters (lII/111)

Components Amount Units Description Source
Water desalination CAPEX 9.10,00,000 INR/MLD Capital Expenditure to include d§3|gn, installation, supply of Mlnl'stry of
components and regulatory studies Environment, TN
Water desalination OPEX 10% % of CAPEX Opera_ltlonal Expenditure includes O&M, consumables and M|n|.stry of
- chemicals and power Environment, TN
S . . . . Ministry of
M Brine as % of water intake 65% % Amount of brine produced from total water intake :
o Environment, TN
c
[s] Water consumption by H2- Litre per Kg of . Gigastack-ITM Power,
E NH3 plant 58.36 h2 Total water consumption per kg of hydrogen produced el Es ETE
g Pipeline water cost 0.06 INR/Litre Cost of purchasing water for industrial use State Water Tariffs
e}
Expected useful life 40 Years Desalination plant lifetime Assumption
Depreciation rate 2.5% % Calculated rate of depreciation based on plant lifetime
Hydrogen storage CAPEX 41,329 INR/kg Capital Expenditure for hydrogen storage system RMI, CEEW
Q
O) .. g _
&l Hydrogen storage OPEX 1% % of CAPEX Operational Expenditure for hydrogen storage system gg EW’ JEnEtmo &l
@)
M Minimum hydrogen storage 0 0 - . . .
= level 5% % Minimum level of h2 to be maintained for safe operations Assumption
(@)
o
Il Expected useful life 25 Years Hydrogen storage system lifetime Assumption
I
Depreciation rate 4% % Calculated rate of depreciation based on system lifetime




Data Sheets| Ammonia Parameters

Components Amount Units Description Source

N NH3 plant SEC 0.55 kWh/kg Specific Energy Consumption of NH3 plant IZ%I;TA RIS
E NH3 plant maximum load 100% % Highest load at which the NH3 plant can operate eD)I(SpCelf:mn il
=
(g NH3 plant minimum load 60% % Lowest load at which the NH3 plant can operate eD)I(Z(;L:tsssmn L
2 _ _
E l2\|(I)-|23;’syntheS|s unit CAPEX - 44,000 :\Il\ll_lgtonne Capital expenditure for ammonia synthesis unit Fasihi et al - 2021
g

NH3 OPEX 5% % of CAPEX Operational Expenditure for ammonia synthesis unit Fasihi et al - 2021

Air Separation Unit SEC 0.23 kWh/kg Specific Energy Consumption of a Cryogenic ASU I(IDQSET\I? E Gl = 2020,
-
0 ihi -
54 N2 ASU CAPEX - 2023 4,400 INR e Capital Expenditure for Air Separation Unit SNy el @el
o NH3 2021

N2 ASU OPEX - 2023 5 % of CAPEX Operational Expenditure for Air Separation Unit Fasihi et al - 2021

: INR/tonne . : . -

Ammonia storage CAPEX 54,824 NH3 Capital expenditure for ammonia storage system Fasihi et al - 2021
(O]
(@)
g Ammonia storage OPEX 4% % of CAPEX Operational expenditure for ammonia storage system Fasihi et al - 2021
& , .
8 Ammonia storage duration 30 Days SNtl:)rrgzer @ GRS W @F ETITSR [eCUEem el e (22 Fasihi et al - 2021
=
o
g Expected useful life 50 Years Useful life of the N2-NH3 complex Assumption
<

Depreciation 2% % Calculated rate of depreciation




Data Sheets| Fertilizer Parameters (I/11)

Components Amount Units Description Source
Natural Gas price 14 USD/MMBtu Cost of natural gas to calculate cost of grey ammonia and Yara, Govt. sources
urea. Can be changed by user
Ammonia consumption per MT per MT . . .
T U 0.57 Urea Amount of ammonia required for producing 1 MT of urea Yara, Govt. sources
M Fixed cost of producing Urea 170 USD/MT Urea  Fixed costs incurred in the production of 1 MT of urea E)i(spzurtsjon with
()
w] Fixed cqst of producing grey 68 USD/MT NH3 Fixed costs incurred in the production of 1 MT of grey Discussion with
Ammonia ammonia experts
lCr:]c(;?atlrolled S UlEe T 5360 INR/MT Urea Regulated price of grey urea Gouvt. sources
Green Ammonia blending Percentage of green ammonia blended in total ammonia Calculated as per
. 20% % .
% in urea used for urea production model
CO2 produced in grey MT per MT Total CO2 generated in a grey ammonia plant (pure CO2
; . 1.9 S Ammofuel
ammonia production NH3 stream and flue gas emissions)
Price of carbon credit 6,400 INR Average (12 months) price in UK-EU markets Eg:i{er_ Cewsor Pree
(CO2 CRmEImI e 267 0.74 S AU Amount of CO2 required for producing 1 MT of urea Yara calculator
tonne Urea Urea
CO2 generated in existing MT per MT . .
8 NH3-Urea projects 1.3 NH3 CO2 generated as pure stream in a ammonia urea plant Ammofuel
®1 CO2 available for urea MT per MT :
production from green NH3 0.6 NH3 CO2 generated as low concentration flue gas Ammofuel
Cqst of QOZ from recovery 4.800 INR per Cost of capturing the flue gas emissions with an onsite Ammofuel
unit onsite grey NH3-Urea tonne CO2 recovery unit
SOUTGIITE EIEE i CIO2 it 6,500 INIR P Cost of CO2 capture and transport from an external source NITI Aayog
external sources tonne CO2
CIOP S ieenl 927 L) 2112 9.3 Kg per Kg H2  Amount of CO2 produced per kg of grey hydrogen produced Forbes

hydrogen




Data Sheets| Fertilizer Parameters (Il/11)

Components Amount Units Description Source
NSRSt 0.23 T [ e 7 Ammonia required for producing 1 MT of DAP Govt. sources
DAP DAP

| Cost of Phosphoric Acid 80,000 INR/MT Cost of procuring phosphoric acid User adjgsted
% assumption
@Y Phosphoric Acid consumption MT per MT . . . .
per MT DAP 0.47 DAP Phosphoric acid required for producing 1 MT of DAP Govt. sources
Fixed cost of DAP plant 4,640 INR/MT DAP Fixed costs associated with producing 1 MT DAP GPCA
Amount of NH3 required 0.23 Sl [EZ AU Ammonia required for producing 1 MT NPK DB LES B L
NPK experts
= Amqunt O [P AR HIEE el 0.6 MT per MT Phosphoric acid required for producing 1 MT NPK IS ESEI
5 required NPK experts
&l Cost of Phosphoric Acid 80,000 INR/MT Cost of procuring phosphoric acid e adj'usted
o)} assumption
g . MT per MT . . . . .
W Amount of K20 required 0.23 NPK Potassium required for producing 1 MT NPK Industry discussions
o
Z .
Cost of K20 60,000 INR/MT Cost of procuring Potassium U] adjgsted
assumption
Fixed cost of NPK Plant 4,640 :\II\:Eerr MY Assumed fixed cost to be same as for DAP
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