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ollowing the Green Revolution in India, chemical
fertilisers have played a pivotal role in increasing
farm outputs, securing the food supply, and generating
surplus production for exports, along with the other
measures undertaken (Nelson, Ravichandran, and
Antony 2019). During the manufacturing process of these
fertilisers, ammonia (NH3) is used as an intermediary
to provide the nitrogenous content. We estimate that
India consumes around 17 to 19 million metric tonnes
per annum (MTPA) of ammonia for the production
of fertilisers such as urea, diammonium phosphate
(DAP), and other complex fertilisers (OCFs). In addition,
India also indirectly consumes ammonia embedded
in fertiliser imports, estimated to be 6.3 million metric
tonnes (MT) in the financial year (FY) 2022—23.

All the ammonia produced and used in India currently
is grey ammonia, derived from reforming natural gas.
This is problematic as the use of grey ammonia leads

to significant greenhouse gas emissions, particularly
carbon dioxide (CO,). The total emissions from ammonia
production were estimated to be around 25 MTPA of
carbon dioxide equivalents (COzeq) in FY 2022—23
(Patidar, et al. 2024). Secondly, India is currently
dependent on imports of natural gas and ammonia to
produce fertilisers. We estimate that around 86 per cent
of the ammonia requirement in FY 2022—-23 was reliant
on imports.! This dependency on imports renders the
fertiliser and agricultural sectors vulnerable to economic
and geopolitical risks and makes the Indian economy
vulnerable to forex outflow.

Green ammonia, derived from green hydrogen, produced
through the electrolysis of water using renewable
electricity, is a potential remedy for both these problems.
The use of indigenously produced green ammonia

will help drive the Indian fertiliser industry’s self-
sufficiency and decarbonisation. However, the financial
premium associated with a complete transition from
grey to green ammonia is exorbitantly high. The high
cost of fertilisers produced using green ammonia may
make them untenable for farmers without further
increasing subsidies, putting additional pressure on the
government’s already stressed subsidy expenditure. In
2022-23 alone, the central government spent
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INR 2,51,340 crore (~USD 31 billion) on fertiliser
subsidies (Ministry of Finance 2024). The government
must aim to strategically direct the introduction of
green ammonia in the fertiliser industry with an
incremental blending approach in the short term
and structurally reduce the levelised cost of green
ammonia in the long term to allay this financial
premium.

In this report, we estimate the financial requirements for
India’s fertiliser sector to transition to green ammonia
adoption across multiple scenarios, with the goal of
identifying low-hanging opportunities, understanding
imperatives, and preparing a trajectory for adoption.

A. Current landscape of ammonia
usage in India's fertiliser sector

Fertiliser products in India vary significantly in terms
of the volume of consumption, subsidy structures,
input costs, and process and supply chain flows.
Understanding these structural nuances and the
ammonia requirements for the product mix in this
context is critical to our analysis.

In FY 2022-23, India produced 28.5 MT of urea,
which accounted for 68 per cent of the fertiliser
production in India, and 13.6 MT of non-urea
fertilisers, including DAP and OCFs (The Fertiliser
Association of India 2023b). Further, India imported
9.3 MT of urea and 7.6 MT of non-urea fertilisers
(The Fertiliser Association of India 2023b). Urea
accounts for an outsized share of the total ammonia
requirement, amounting to around 84 per cent,

due to higher production volumes and the higher
specific consumption of ammonia in urea production
compared to non-urea fertilisers.

All urea production units in India produce
ammonia in-house by reforming natural gas.
However, the production of non-urea fertilisers
largely relies on imported ammonia, estimated
to account for 79 per cent to 89 per cent of their
ammonia requirement.

Cost differences in grey ammonia use
imply varying financial impacts of a
green ammonia transition for urea
and non-urea fertilisers.

1 This estimation aggregates the volume of ammonia imported for fertiliser production in India, the volume of ammonia indirectly imported in the
form of imported fertiliser end products, and the volume of ammonia produced in India by reforming imported natural gas.
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Urea is a price-controlled product for farmers

in India. The subsidy on urea is paid to fertiliser
companies based on the differences between the
market price set by the government and the cost of
production, which is defined by set norms. Non-urea
fertilisers, however, are not price-controlled.
They garner subsidies based on the nutrient
content of each grade of fertiliser. In FY 2022-23,
the subsidy for urea amounted to INR 1,65,217 crore
(~USD 20 billion), whereas the subsidy for non-urea
fertilisers amounted to INR 86,122 crore (~USD 10.5
billion) (Ministry of Finance 2024).

The worsening N:P:K ratio in fertiliser consumption,

the large and rising subsidy on fertilisers, and efforts to
promote organic and alternative fertilisers and improve
nutrient uptake efficiency are key trends in the sector. We
presume that these trends will translate to a muted long-
term growth potential for urea but offer a decent growth
potential for organic and alternative chemical fertilisers.

B. Baseline cost of grey ammonia

We estimate the baseline costs of grey ammonia, along
with the landed cost of imported ammonia for non-urea
fertilisers. Based on the input costs, we estimate the
following:

The cost of grey ammonia ranged from USD 197 to
USD 510 per tonne of ammonia for urea production
between FY 2019—20 and FY 2022-23.

The corresponding figure for non-urea production
ranged from USD 287 to USD 919 per tonne of
ammonia, higher by a wide range of 12 per cent to 55
per cent than that for urea production. This difference
is attributable to higher input costs for non-urea
fertiliser production, in terms of the cost of imported
ammonia and imported liquefied natural gas (LNG).

The difference in grey ammonia costs for urea and
non-urea fertiliser production implies that the
financial premiums associated with a transition

to green ammonia use will also be different. It is
important to note that grey ammonia costs reflect the
price volatility in the period considered due to the
supply chain disruptions caused by the pandemic and
geopolitical events. Similar episodes in the future may
pose risks to India’s fertiliser sector.

C. Key findings

While green ammonia can be a fungible replacement
for grey ammonia in non-urea fertiliser production, the
technical proof-of-concept of blending green ammonia
in urea production has not been demonstrated. In

this report, however, we focus mainly on the financial
implications of green ammonia adoption while briefly
discussing the technical challenges.

We calculated the incremental cost of blended ammonia
over a range of parameters such as the cost of green
ammonia (USD 500 to USD 1,100 per tonne), the cost

of grey ammonia (USD 200 to USD 600 per tonne),

the landed cost of natural gas (USD 6 to USD 15 per
million metric British thermal units (MMBtu)), and the
proportion of green ammonia blended (5 per cent to

50 per cent). Given the volatility of commodity prices,

it is important to note that there is a range of possible
outcomes, as illustrated in Table ES1 and Table ES2.

The total incremental cost of using a 10 per cent
blend of green ammonia for urea production
could amount to INR 6,286 crore (~USD 785
million) at a full-capacity production of 28.3 MTPA,
assuming the levelised cost of green ammonia to be
USD 700 per tonne against a delivered price of

USD 9 per MMBtu for natural gas.

The ammonia cost would rise by 17 per cent
under these parameters. This translates to a
corresponding increase of INR 2.22 per kg (~USD
0.03) in urea production cost, which ranged
between INR 15 (~USD 0.2) to INR 25 (~USD 0.3) per
kg between FY 2019—20 and FY 2022—-23 as per our
estimates. Urea was effectively sold to farmers at INR
5.36 per kg (~USD 0.07) (Department of Fertilizers
2024b).

Green ammonia blending in urea production

necessitates the additional procurement of co,,
which is factored into the cost of blending.

The government should strategically
guide green ammonia adoption:
prioritised blending in the short term
and structural cost reduction in the
long term.
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Table ES1 Sensitivities to the incremental cost of blended ammonia used in urea production at the full capacity of
28.3 MTPA (INR crore)

SRR (%) .un -uuu

Levelised cost of | Delivered cost of Base-case CO, cost: USD 65 per tonne Aggressive-case CO, cost: USD 25 per

green ammonia natural gas (USD/ of CO, tonne of CO,
(USD/tonne) MMBtu)

Incremental cost of green ammonia blending (INR crore)

15 3,451 6,903

12 6,375 12,751

3,617

9,464

500
9 9,299 18,598 15,312
6 12,223 24,446 10,580 21,160
15 9,866 19,732 8,223 16,446
12 12,790 25,580 11,147 22,294
700 9 15,714 31,428 14,071 28,141
6 18,638 37,275 16,995 33,989
15 16,281 32,562 14,638 29,275
12 19,205 38,409 17,562 35,123
200 9 8,851 22,128 44,257 8,194 20,485 40,971
6 10,021 25,052 50,105 9,364 23,409 46,818
15 9,078 22,695 45,391 8,421 21,052 42,105
12 10,248 25,619 51,239 9,590 23,976 47952
Hoo 9 11,417 28,543 57,086 10,760 26,900 53,800
6 6,293 12,587 31,467 62,934 11,930 29,824 59,648
B Low premium High premium

Source: Authors’ analysis

Note: The cell shaded in green denotes an anchor value for the reference provided in text.

¢ For non-urea fertiliser production, the total o The cost of ammonia would only rise by 8 per
incremental cost of ammonia could amount to cent for these parameters, compared to 17 per
INR 684 crore (~USD 85 million) for a similar cent for urea. This amounts to an incremental
10 per cent blend at an average production level cost of INR 0.54 (~USD 0.007) per kg of fertiliser
for FY 201920 to 2022-23, assuming the levelised end product, compared to a market price ranging
cost of green ammonia to be USD 700 per tonne between INR 20 and INR 47 per kg (~USD 0.2-0.6)
against a levelised cost of USD 400 per tonne for grey (Department of Fertilizers 2024b).

ammonia.
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Table ES2 Sensitivities to the incremental cost of hydrogen are tempered for the production of non-urea fertilisers

Green ammonia blend (%)

Levelised cost of green Cost of grey ammonia
ammonia (USD/tonne) (USD/tonne)

5

10 25 50 100

Incremental cost of green ammonia at full production volume (INR
crore)

600 114
500 400 114 1,140 2,280
200 342 1,710 3,420 6,840
600 114 1,140 2,280
700 400 342 1,710 3,420 6,840
200 1,140 2,850 5,700 11,400
600 1,710 3,420 6,840
900 400 1,140 2,850 5,700 11,400
200 1,596 3,990 7980 15,960
600 1,140 2,850 5,700 11,400
1100 400 1,596 3,990 7980 15,960
200 1,026 2,052 5130 10,260 20,520
. Low premium High premium

Source: Authors’ analysis

Note: The cell shaded in green denotes an anchor value for the reference provided in text.

Evidently, 100 per cent green ammonia in fertiliser
production in India will impose exorbitant costs at
the current economics, even for non-urea fertilisers.
An incremental approach, starting with a 5 to 10 per
cent blend can cushion the impact on the sector’s
financials.

The incremental cost of green ammonia blending
for non-urea fertilisers is much lower than the
corresponding cost for urea. If the government were
to bear the whole incremental cost of blending 10 per
cent green ammonia at USD 700 per tonne of ammonia,
it would add 3 per cent to 14 per cent (INR 3,535 to INR
6,541 crore) to the subsidy for the domestic production
of urea (INR 43,050 to INR 1,25,270 crore) between FY
2019—20 and FY 2022-23, but the additional burden on
the subsidy for non-urea fertilisers would be under 6
per cent (below INR 974 crore) over the total subsidy
for the domestic production of non-urea fertilisers (INR
15,906 to INR 50,090 crore). In FY 2022—-23, geopolitical
disturbances led to a sharp rise in grey ammonia costs.
Resultantly, we estimate a potential net gain of INR

505 crore with the use of 10 per cent green ammonia in
non-urea fertilisers in that year.

Reducing the levelised cost of green ammonia by
providing low-cost capital or grants is an important
imperative. We estimate that a 23 per cent reduction in
the levelised cost of ammonia can be achieved with a 5
percentage point reduction in the capital cost.

Using only green ammonia in the Indian fertiliser
industry can reduce CO,eq emissions by more than 32
MTPA as per our analysis. The cost of this mitigation
would vary with the difference between green and grey
ammonia costs. For urea production, the mitigation
cost can range between USD (-10) per tonne of CO,
signifying a net gain, to USD 232 per tonne of CO,
depending on the difference between green and grey
ammonia costs, which can range from green ammonia
being cheaper by USD 100 to grey ammonia being
cheaper by USD 300 per tonne. For the same difference
in the costs of green and grey ammonia, the cost of CO,
mitigation is lower for non-urea fertiliser production,
as there is no cost associated with procuring CO, as a
feedstock. The mitigation cost ranges between a net gain
of USD 60 to a cost USD 180 per tonne of CO,.

D. Policy recommendations

The annual cost of blending green ammonia in India’s
fertiliser industry, even up to 10 per cent, can range
between INR 1,000 to INR 12,000 crore (~USD 125 to USD
1450 million). If the Indian government bears this cost

to catalyse green ammonia adoption, the impact on
expenditure will be non-trivial. Hence, the introduction
of green ammonia requires a calibrated and systematic
approach, which factors in the structure of the industry
and the differences in emissions mitigation costs between
urea and non-urea fertiliser products. We suggest the
following policy recommendations to ease this transition:



Prioritise the transition of non-urea fertilisers to
green ammonia use. The green premium is lower
for non-urea products than for urea. Moreover,

the technical requirements for blending are also
much simpler. Green ammonia can be a fungible
replacement for the imported ammonia used in
non-urea fertiliser production. The government
could facilitate this transition through mandates and
incentives for green fertiliser use.

Reduce the capital cost for green hydrogen assets
through the provision of low-cost capital or grants to
reduce the levelised cost of green ammonia. Capital
expenditure by the government for these measures
will enable a consequent reduction in revenue
expenditure in the form of subsidies.

Develop administrative frameworks allowing the
fertiliser industry to earn through carbon credits.
As the industry can utilise captured CO, from other
industries in addition to mitigating its own emissions
with green ammonia blending, it must be allowed to
issue carbon credits and earn revenue through them.
To prepare the sector to leverage carbon markets,

we recommend that the government define a
monitoring, reporting, verification, and certification
framework in addition to the institutional measures
under the Detailed Procedure for Compliance
Mechanism under the Carbon Credits Trading Scheme
(Bureau of Energy Efficiency 2023) and institute an
exchange to facilitate trading of credits.

Investigate pathways to introduce green ammonia
in nitrogen delivery to crops. Firstly, alternatives

to urea, such as ammonium sulphate or ammonium
phosphate, could be promoted, by offering attractive
incentives for farmers. Secondly, the technical
parameters of blending green ammonia or green
hydrogen in urea production must be investigated
through a pilot project to demonstrate proof of concept.

These measures will be instrumental in promoting
green ammonia adoption, which will reduce the import
dependence of the fertiliser sector, and secure its
energy needs, in addition to the primary objective of
decarbonising the industry.

Economic Feasibility of Green Ammonia Use in India's Fertiliser Sector

The use of chemical fertilisers has been instrumental

in bringing India out of the grip of frequent famines
and setting it on the path towards food sufficiency.
Along with the introduction of high-yielding varieties
of seeds, mechanised agricultural practices, irrigation
equipment, and pesticides by the Green Revolution in
the 1960s, chemical fertilisers have played a pivotal role
in increasing farm outputs, securing the food supply,
and generating surplus production for exports. India
produces sufficient key food grains — wheat and rice

— to meet the domestic demand of its large population
while also being the largest exporter of rice in the world
(US Department of Agriculture n.d.).

As the agricultural sector is a cornerstone of the Indian
economy, use of fertilisers poses an indirect bearing

on livelihoods in addition to the agricultural output.
Beyond the economic contribution of the agricultural
sector to India’s gross value addition, which stood at
18.3 per cent in the financial year (FY) 2022-23 (Ministry
of Agriculture & Farmers Welfare 2023b), it employs
around 54 per cent of the Indian workforce (Ministry of
Agriculture & Farmers Welfare 2022).

Production of chemical fertilisers leads to greenhouse
gas emissions, attributed to the energy consumption
in the production process and to the use of ammonia
as an intermediary. The ammonia produced and
consumed in India for fertiliser production relies on
reforming natural gas, which emits carbon dioxide
(CO)) as a by-product. In addition to this, it imposes
import dependency for natural gas on India. We
explore how green ammonia can tackle both these
issues and what are the premiums associated with its
use in this report.

While vital for India's farm outputs,
chemical fertilisers cause significant
GHG emissions and create import
dependency.
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1.1 Background

The consumption of fertilisers (Figure 1) that provide
major nutrients such as nitrogen (N), phosphorous
(P), and potassium (K) grew tremendously from the
1980s onwards, reaching stable levels since 2010.
Urea, diammonium phosphate (DAP), and various
grades of other complex fertilisers (OCFs) are the main
products that deliver these nutrients to farmlands. Over
the decade from 2011—12 to 2021-22, the N:P:K ratio

in fertiliser consumption became skewed, changing
from 4.7:2.3:1 to 7.8:3.1:1 (Nelson, Ravichandran, and
Antony 2019), indicating a disproportionate growth in
nitrogenous fertiliser consumption.

The growth in fertiliser consumption in India has been
heavily aided by the government’s support in the form
of subsidies, both for indigenously produced fertilisers
as well as for imported fertilisers. The subsidy for the
fertiliser sector accounted for INR 251,340 crore (~USD
31 billion) for FY 2022—23 (Ministry of Finance 2024).
This makes the fertiliser sector the second largest sector
in terms of subsidies received. In addition, the sector
also received support from the government as it was
guaranteed procurement of cheaper domestic gas that
was reserved for it.

Production and imports of fertilisers
in India

India has 36 urea manufacturing units and 20 large
manufacturing units that can produce NPK fertilisers
(The Fertiliser Association of India 2023a). Urea, which
primarily delivers nitrogenous content to the soil, is
the most important fertiliser in the Indian context.
The production of urea, which is at near full capacity
(Figure 2), accounts for around 65 per cent of total
fertiliser production in India, amounting to an annual
production of around 28.5 million metric tonnes (MT)
per annum (MTPA) (The Fertiliser Association of India
2023b). Between 2020 and 2022, India augmented its
urea production capacity by setting up two new units
and reviving three discontinued units, with one more
unit under revival scheduled for completion in 2024
(The Fertiliser Association of India 2023b). India’s
imports of urea have historically fluctuated around a
level of 8 MTPA (Figure 3). However, it aims to reduce
this dependence with the aforementioned augmented
capacity as well as through the promotion of alternative
nitrogen-delivery pathways like nano-urea (Ministry of
Chemicals and Fertilizers 2023b).

Figure 1 Consumption of (N, P, K) fertilisers in India has grown ~4.9 times over 40 years
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Other chemical fertilisers are critical for providing farms
with nutrients such as potassium, phosphorus, and
sulphur. This includes NP/NPK fertilisers, including DAP
and OCFs of various grades. Production of such non-urea
fertilisers in India in 2022-23 stood at 13.6 MT, less than
half that of urea. We restrict our analysis to nitrogen-
containing complex fertilisers within the non-urea

Economic Feasibility of Green Ammonia Use in India's Fertiliser Sector

group as other fertilisers do not consume ammonia as
an intermediary. Imports constitute a larger proportion
of the total consumption for non-urea fertilisers than for
urea. The share of imported non-urea fertilisers in total
consumption for the category in 2022-23 was around 40
per cent, much higher compared to 21 per cent for urea
in the same period.

Figure 2 Production volumes of fertilisers in India have been stagnant in the historical mid-term period
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Figure 3 Imports of non-urea fertilisers in India grew at a steady decadal 4.3% compounded annual growth rate to

9.3 MTPA in 2022-23.
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1.2 Trends in the Indian fertiliser
sector

The worsening N:P:K ratio in fertiliser consumption due
to overuse of nitrogenous fertilisers —predominantly
urea—the large and rising government expenditure

on fertiliser subsidies, efforts to promote organic and
alternative fertilisers and improve the nutrient uptake
efficiency are key trends in the Indian fertiliser sector.
We presume that these trends will translate to a muted
long-term growth potential for urea production and
consumption but a decent growth potential for organic
and alternative chemical fertilisers.

Injudicious use of nitrogenous fertilisers,
particularly urea

As compared to the world’s largest agricultural producers,
India ranks second in nitrogenous fertiliser use per hectare
of cropland (Figure 4). It exceeds the world average by
around 65 per cent (Ritchie, Roser, and Rosado 2022).

Furthermore, even after accounting for differences in
agro-climatic conditions and crop profiles, the N:P:K
nutrient ratio in India in FY 2021-22 was highly skewed
towards nitrogenous content (National Academy of
Agricultural Sciences 2009), standing at 7.7:3.1:1 (The
Fertiliser Association of India 2022) against an ideal and
accepted nutrient ratio of 4:2:1 (National Academy of
Agricultural Sciences 2009). This is a direct consequence
of the outsized share of urea in fertiliser consumption.
Furthermore, there exist significant regional differences
in urea consumption patterns in India, leading to severe
overuse in some regions but soil nitrogen deficiency in
others (Ministry of Agriculture & Farmers Welfare 2023).
There are concerns regarding the falling nitrogen uptake
efficiency (Singh 2023) and water contamination due to
the overuse of urea (Ministry of Agriculture & Farmers
Welfare 2021). While adequate nitrogen delivery is
essential for crops, India must find ways to prevent soil
degradation, avoid fertiliser wastage, and balance the
nutrient profile of fertilisers used on farmlands.

Figure 4 Overuse of nitrogenous fertilisers in India is a worrying prospect
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Farmers’ reliance on urea can be explained by the
differences in the prices of various fertilisers. Urea

is a price-controlled product in India, for which
farmers need only pay a delivered price of INR 5.36
(~USD 0.06) per kg (Department of Fertilizers 2024b).
However, non-urea fertilisers, including NP and NPK
complexes, which contain a more balanced nutrient
profile, are priced dynamically in the market. In direct
comparison to urea, their maximum retail prices were
much higher — between INR 20 and 47.6 (~USD 0.24
and USD o.57) per kg as of February 2024 (Department
of Fertilizers 2024b). Thus, the adoption of fertilisers
other than urea is impeded by the artificially low
prices of urea.

The recent sharp rise in fertiliser
subsidy expenditure in India is a
worrying trend.

Economic Feasibility of Green Ammonia Use in India's Fertiliser Sector

Rising subsidy expenditure on fertilisers

The recent sharp rise in fertiliser subsidy expenditure
in India (Figure 5) is a worrying trend. To understand
the dominant factors behind this rise, we assess the
structure of subsidy disbursement in India.

Urea and non-urea fertilisers in India are subsidised in
different ways. Fertiliser companies that produce and
import urea are paid subsidies by the Government of
India based on the difference between the set prices of
urea and the cost of production or imports, according
to specific criteria. Consequently, the total subsidy
expenditure for urea in India depends on production
costs. These tend to vary widely due to the dependence
on one critical raw material and fuel — natural gas.

As India imports a significant share of the natural gas
used for urea production (78 per cent in FY 2022-23)

in addition to importing ammonia and end-fertiliser
products, the fertiliser subsidy is subject to the vagaries
of volatile international natural gas markets.

Figure 5 India's budgeted fertiliser subsidy expenditure has grown threefold over two financial years
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Figure 6 There has been a sharp uptick in NBS rates in recent years
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Non-urea products are not price controlled and are
subsidised under the Nutrient Based Subsidy (NBS)
scheme. The Government of India pays a subsidy per
kilogram of nutrient used in certain scheduled non-urea
fertiliser products. The rates for N, P, K, and S nutrients,
revised annually, have seen a sharp uptick in recent
years (Figure 6), which could be due to the government’s
focus on balancing the nutrient profile of the fertilisers
used and the high costs of imported ammonia,
phosphatic rock, and potash.

Promotion of organic and alternative
fertilisers through the PM-PRANAM
Scheme

The Government of India announced the Prime
Minister’s Programme for Restoration, Awareness,
Nourishment and Amelioration of Mother Earth (PM-
PRANAM) scheme in 2023 (Ministry of Chemicals
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and Fertilizers 2023a). The scheme’s objective is to
incentivise the states and union territories (UTs) to
promote the usage of alternative and organic fertilisers
and moderate the use of chemical fertilisers. Under
the scheme, India has tabled a proposal to redirect

50 per cent of the fertiliser subsidy saved by a state or
UT through a reduction in consumption of chemical
fertilisers benchmarked against its previous three
years’ consumption. The scheme also includes a
Market Development Assistance programme to support
the marketing of organic fertilisers with a subsidy of
INR 1,500 (~USD 19) per tonne (Ministry of Chemicals
and Fertilizers 2023a). Provisions to leverage biogas
production plants set up under the GOBARdhan
scheme by harnessing their residues as organic
fertilisers are also included. Five hundred such waste-
to-wealth plants are sanctioned to be supported under
the PM-PRANAM scheme.



Developments in improving the
efficiency of nitrogen uptake

As part of its efforts to improve the efficiency of nutrient
use, India has begun testing and producing nano-urea,
which supposedly releases nutrients directly to plants
in a controlled way. While its effectiveness as a solution
is still being evaluated and has not been conclusively
established, India has chalked up plans to establish
eight new nano-urea plants with an overall production
capacity of 220 million litres, intended to potentially
replace 19.5 MTPA of conventional urea (Ministry of
Chemicals and Fertilizers 2023b).

1.3 Green hydrogen's role in
decarbonising India's fertiliser
industry

Green hydrogen can play a role in decarbonising ammonia
production. Ammonia is a crucial intermediary product
for the major fertilisers used in India — urea, DAP, and
OCFs. Its production relies on grey hydrogen, derived from
the reformation of natural gas, which emits greenhouse
gases, primarily carbon dioxide (CO,). The combustion of
fuels to drive the reaction between hydrogen and nitrogen
to form ammonia adds to the emissions. In 2018, the total
emissions from ammonia production were estimated to

be around 25 MTPA of carbon dioxide equivalents (COzeq)
(GHG Platform India n.d.). To mitigate these emissions,
green hydrogen produced through electrolysis of water
can be used to produce green ammonia. In addition,
green-hydrogen-derived ammonia, when reacted with CO,
procured from other industries to produce urea, can unlock
a carbon utilisation pathway.

Currently, the economics of switching from grey- to
green-hydrogen-based ammonia production are
challenging. Given that the agricultural sector is heavily
dependent on fertilisers, and its consequent impact

on the political economy, the premium associated

with green hydrogen use must be lowered as much as
possible. We endeavour to assess this premium and
address the emergent imperatives of a switch from grey
to green ammonia use in India’s fertiliser industry.
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2. Ammonia requirement in
India's fertiliser sector

Hydrogen and nitrogen gases react at high temperatures
and pressures to produce ammonia (NHS), an
intermediary required in the production of fertilisers.
Fossil fuels such as coal, natural gas, or naphtha are
typically reformed to produce hydrogen. They are also
used as fuel to provide heat for the reactions. Nitrogen
gas, which is required for the process, is introduced by
injecting air into the secondary reformer. A by-product
of the reforming reactions is CO, gas. In urea production,
this CO, produced by the reformers gets utilised in the
subsequent step.

The production of urea involves the reaction of
ammonia and CO, through the Bosch—Meiser process.

At stoichiometric proportions, 1 tonne of urea
production requires around 0.57 tonnes of ammonia and
approximately 0.73 tonnes of CO,. To produce 0.57 tonnes
of ammonia, 0.1 tonnes of hydrogen gas is needed to
react with 0.47 tonnes of nitrogen gas.

The consumption of ammonia in the production of
non-urea fertilisers is determined by the proportion of
nitrogen required in terms of weight in that particular
fertiliser. For instance, DAP requires nitrogen content
to be 18 per cent by weight. This nitrogen content in
DAP is provided by ammonia or urea, which are used
as raw materials in production. For OCFs, the nitrogen
content is denoted by the fertiliser grade, expressed in
an N:P:K:S format. For example, a complex fertiliser
with a grade 12:32:16:0 contains 12 per cent nitrogen, 32
per cent phosphorus, 16 per cent potassium, and zero
per cent sulphur by weight. The ammonia requirement
for OCFs is calculated using an approach similar to that
adopted for DAP.

We estimate that around 86% of the
total ammonia consumed in India

is reliant on imports of ammonia or
natural gas.
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We estimate that India’s fertiliser sector required around Almost all the ammonia necessary for urea production is
19.1 MTPA of ammonia in FY 202223 (Figure 7). The obtained from in-house integrated units. Natural gas is
increase in the demand for ammonia in FY 2022—-23 reformed to produce grey hydrogen and, subsequently,

is attributable to the increase in urea manufacturing grey ammonia in urea production. We estimate that
capacity. Around 84 per cent of the ammonia around 78 per cent of the natural gas used for urea
requirement is for urea production alone, as it consumes production in FY 2022-23 was imported (Petroleum
much more ammonia per unit of product. In addition, Planning & Analysis Cell 2023b). In contrast, we estimate
the higher production volumes of urea as compared to that for non-urea fertilisers, around 79 per cent to 89 per
other fertilisers also skews this proportion. cent of the ammonia required is directly imported. The

rest is produced in India by reforming natural gas.

Figure 7 Urea consumes around 84% of the ammonia used as feedstock
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Figure 8 Around 86% of the total ammonia consumed in India is reliant on imports of ammonia or natural gas
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The Indian fertiliser sector also consumes ammonia
indirectly through imported fertilisers. Such embedded
ammonia amounted to 6.3 MT in FY 2022-23, accounting
for 24 per cent of the total consumption of ammonia,
which stood at 25.5 MT in the same period (Figure 8).
Factoring in imported liquefied natural gas (LNG),
imported ammonia, and embedded ammonia in
imported fertiliser end products, we observe that around
86 per cent of the ammonia consumption in India is
reliant on imports.

In addition to its use as a feedstock in ammonia
production, natural gas is also used to produce heat

to catalyse reactions in fertiliser plants. Some fertiliser
plants also operate captive power generation plants
that use generators that operate on natural gas. These,
however, don’t account for a significant share of natural
gas demand, as our estimates suggest that only around
three per cent of the natural gas supplied to fertiliser
units is used for power generation.

The fertiliser sector in India consumed 19.4 billion
cubic metres of gas in FY 2022—23 (Figure 9) (Petroleum
Planning & Analysis Cell 2023b). Increasingly

Figure 9 India's fertiliser sector is increasingly dependent on

13

larger proportions of this total gas consumption are
commanded by imported re-gasified liquefied natural
gas (RLNG), which is used to produce both urea and
non-urea fertilisers.

Urea production units in India are characterised by wide
variations in specific energy consumption (SEC) (Figure
10), and older plants with significant vintage are not
energy efficient. Currently, all urea production plants

are divided into three groups, with target energy norms
(TENS) ascribed to each group (Department of Fertilizers
2024a): 5.5 Geal per tonne of urea for Group I, 6.2 Gcal per
tonne for Group II, and 6.5 Gcal per tonne for Group III.
These norms are used as the basis for calculating the urea
subsidy outlay (Department of Fertilizers 2024a). Blending
green ammonia could be instrumental in reducing
natural gas consumption for the sector as a whole and, in
effect, improving energy efficiency. This will help create
room within the subsidy expenditure for support for green
ammonia adoption. Furthermore, as most of the natural
gas is imported, a transition to domestic green ammonia
use will secure the energy needs of the sector against
economic as well as political shocks.
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Figure 10 India's urea manufacturing units have the potential to increase efficiency

Source: Department of Fertilizers (2018b), Bhushan et al. (2019)
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Note: This excludes the BVFCL's Namrup-II and Namrup-III units with SECs of 18.9 and 12.8 Gcal/tonne, respectively.

3. Cost of grey ammonia
for the Indian fertiliser
industry

We have estimated a baseline grey ammonia cost for

the fertiliser sector to assess the financial premium of
green ammonia over grey ammonia. Grey ammonia costs
are heavily dependent on natural gas costs. The supply
structures and pricing mechanisms for natural gas
directly affect the delivered cost of grey hydrogen for the
production of urea and non-urea fertilisers.

3.1 The supply structure and
pricing mechanisms for natural gas
delivered to fertiliser units

Fertiliser companies procure natural gas from domestic
and international suppliers through long-term contracts
and also through spot purchase mechanisms. For all
urea manufacturing units, the input costs of natural gas
are equalised under the Guidelines for Pooling of Gas

in Fertiliser (Urea) Sector (Ministry of Petroleum and

Natural Gas 2015). A virtual pool operator aggregates
demand and prices from all urea manufacturing units
on a monthly basis to issue a single delivered price for
all the units. The pool operator reconciles the balances
of each unit against this delivered price on a monthly
basis. No such measures are imposed for the production
of non-urea fertilisers, which leads to differences in
input costs for the producers of these fertilisers.

We estimate the delivered prices of natural gas by
considering the various cost components. In the case

of imported LNG, an import duty and a social welfare
surcharge are levied upon the contracted gas price. Since
it is liquefied, it must be re-gasified before transmission
through a pipeline. The transmitter imposes a re-
gasification tariff as well as pipeline transmission charges.
Both these charges incur Goods and Services Tax (GST). In
addition to these components, suppliers’ margins and a
state-wise value-added tax (VAT) are added to finally arrive
at the delivered price of natural gas. We have estimated the
delivered price for domestic natural gas using the imported
LNG tax structure and excluding irrelevant components
such as import duty and re-gasification tariff. Figure 11
depicts the price build-up schematically.



Due to the inherent differences in the base prices of
domestic natural gas and imported LNG, as well as
differences in the price build-up components, the
delivered prices of domestic and natural gas vary widely.
This variation leads to differences between the delivered
prices of natural gas for urea and non-urea fertiliser
production (Table 1). We estimate that the delivered gas
prices for urea manufacturing were 22 per cent to 34 per
cent cheaper (between FY 201920 and FY 2022-23) than
those for non-urea fertilisers.
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Most of the ammonia used in the production of non-
urea fertilisers is imported, and therefore, we estimate
the cost of ammonia as a weighted average of the cost
of imported and domestically produced ammonia for
non-urea fertiliser production. We observe that the costs
of imported ammonia and imported RLNG rose sharply
in FYs 202122 and 2022-23 as a result of supply chain
disruptions and geopolitical factors, which translated
to a rise in the overall cost of ammonia for non-urea
fertiliser production in India.

Figure 11 Import duty and re-gasification tariffs are additional components in the price build-up of imported RLNG

Delivered price of imported gas

Pipeline transmission
tariff + GST

Regasification
tariff + GST

Import duty + social
welfare surcharge

Source: Authors’ analysis

Delivered price of domestic gas

Supplier margins

Pipeline transmission

tariff + GST

Domestic gas prices

Table 1 Gas prices for urea production are 22% to 34% cheaper than those for non-urea fertiliser production

Estimated delivered price of natural gas Units FY FY
2019-20 2020 21 2021 22 2022-23

Urea production USD/MMBtu

Production of non-urea fertilisers USD/MMBtu

Ratio of gas prices for urea and non-urea
fertiliser production

16.1
10.5 87 14.3 207
0.68 0.67 0.66 0.78

Source: Authors’ analysis
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Table 2 Estimated grey ammonia costs for urea and non-urea fertiliser production in India

Estimated grey ammonia costs _ FY 2019-20 | FY 2020-21 | FY 2021-22 | FY 2022-23

Urea production — average ammonia cost USD/tonne

Non-urea fertiliser production — weighted average

. USD/tonne
ammonia cost

Non-urea fertilisers — cost of ammonia produced

in India USD/tonne

Non-urea fertilisers — cost of ammonia imported USD/tonne

Proportion of imported grey ammonia Percentage

292 287 688 919
340 283 456 649
286 288 721 990
89% 83% 88% 79%

Source: Authors’ analysis

The differences in the delivered prices of natural gas

in the fertiliser sector lead to differences in the cost of
grey ammonia. We estimate the cost of grey ammonia
produced in India to range from USD 197 to USD 510

per tonne for urea production (Table 2), whereas it is
higher for the production of non-urea fertilisers, ranging
from USD 287 to USD 919 per tonne of ammonia during
the period from FY 2019—20 to FY 2022-23. This period
witnessed significant volatility in the cost of ammonia
produced in India and imported from overseas due to
supply chain disturbances caused by the pandemic and
global conflicts. The estimation process is explained in
greater detail in Annexure 1.

4. Financial implications of
blending green ammonia

Blending green ammonia in existing fertiliser
production may impose an additional cost as the
levelised cost of green ammonia in India ranges
between USD 700 to USD 950 per tonne (IRENA and
AEA 2022; Indo-German Energy Forum 2023; Pawar et
al. 2021). This cost is higher than that for grey ammonia
estimated in Section 3 for the years that did not
experience extensive supply-chain disturbances.

4.1 Blending premise for the
estimation of the incremental cost
of green ammonia

Green hydrogen can be introduced in two ways in urea
production: green hydrogen can be introduced at the
suction of the synthesis compressor and blended with
syngas, or green ammonia can be blended in the urea
production step. Feasibility studies and pilot projects
have been undertaken (Box 1) that aim to blend green
ammonia in existing fertiliser production units.

The schematic in Figure 12 depicts the assumptions
underlying our estimate of the incremental cost of
ammonia in the urea production process. We consider
blending green ammonia with grey ammonia out of
the integrated ammonia unit into the Bosch—Meiser
process for urea production. For the production of
non-urea fertilisers, CO, as a raw material is not
required, and we consider green ammonia to be a
fungible replacement for grey ammonia.

Switching to 100% green ammonia
could turn India's fertiliser production
into a net-negative emissions
industry.
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Figure 12 Schematic of the process used for estimating the incremental cost of hydrogen in urea production
(indexed to 1 tonne of urea production)
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For both urea and non-urea fertiliser production, we 4.2 Challenges Wlth b|ending green

estimate the incremental cost of green ammonia over . e .
grey ammonia for four blending proportions: 5 per cent, ammonia in the urea prOdUCtlon
10 per cent, 25 per cent, and 50 per cent. In the case of process

urea production, we have used a capture cost of USD 50
per tonne of CO, (IEA 2021) and a transport and handling
cost of USD 15 per tonne of CO, (Smith et al. 2021) in the
base case. For the aggressive case, we used a capture
cost of USD 20 per tonne of CO, and a transport and
handling cost of USD 5 per tonne of CO..

Although green ammonia blending poses technical

and operational challenges in addition to the financial
premium, in this paper, we will focus mainly on the
financial implications that such a green ammonia blend
will impose on the fertiliser sector and only briefly
discuss the technical challenges.

Efforts in Australia to blend green hydrogen in existing ammonia production

Two projects in Australia that aim to blend green hydrogen in fertiliser production processes are underway. Project Haber is

a proposed ammonia or granulated urea manufacturing facility with a planned capacity to produce 1.4 MTPA of urea. While
the primary feedstock for the project is natural gas, the project includes the integration of an 'on-site 10-megawatt (MW)
electrolyser with the capacity to produce around 1,825 tonnes per annum of renewables-based hydrogen, or around two per
cent of the total hydrogen feedstock for the plant' (The Commonwealth Scientific and Industrial Research Organisation 2022).
The project is under development after its feasibility and pre-FEED studies were completed in October 2022.

The Yuri Renewable Hydrogen to Ammonia Project, also in Australia, ‘will construct a 10 MW electrolyser to produce
renewables-based hydrogen to replace a portion of the hydrogen produced through the steam methane reforming (SMR)
process at Yara Fertilisers' existing liquid ammonia plant’ (The Commonwealth Scientific and Industrial Research Organisation
2023). The project is scheduled for completion in 2024. The total project budget is AUD 87 million (~USD 58 million) for which
the company has secured equity funding and grants from a host of partners.

Source: Authors’ compilation
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Firstly, a blending mechanism necessitates retrofitting
old plants, which could be problematic due to space
constraints. Managing the turn-down of existing
reformers is the second challenge. If the capacity
utilisation of the integrated ammonia unit drops, the
overall energy efficiency of urea production reduces.
This is because waste heat and steam recirculation loops
that are calibrated for a specific capacity get disturbed.
Thus, additional energy would be required to meet the
necessary process parameters.

Finally, the requirement of procuring CO, for urea
production is the most prominent challenge for green
ammonia blending. In the current urea production
process, sufficient CO, from the integrated ammonia
unit is captured and fed into the Bosch—Meiser process,
as depicted in Figure 12. However, blending green
ammonia will require the additional procurement of CO,
externally. Our preliminary estimations have yielded a
green ammonia blending threshold ranging between

16 per cent and 30 per cent up to which blending will
not require external CO.. Details of the estimation are
presented in Annexure 2. The operational parameters in
an actual blending scenario can drastically affect these
thresholds. Considering this, our estimates in Sections
4.3 and 4.4 account for the costs of procuring CO, in
various blending scenarios.

A greenfield urea production facility that relies on green
ammonia and captured CO, could mitigate the technical
challenges associated with blending. However, the
financial premium for urea that is 100 per cent green
ammonia derived will be massive. Therefore, there

is a need to consider incremental blending of green
ammonia in fertiliser plants to mitigate the impact on
overall subsidy flow to the sector.

4.3 Incremental cost of green
ammonia for urea production

We estimate that a 10 per cent blend of green
ammonia with a levelised cost of USD 700 per tonne
(levelised cost of ~USD 2.8 per kg of green hydrogen)
against a delivered price of natural gas of USD 9 per
million metric British thermal units (MMBtu) will
yield INR 6,286 crore (~USD 785 million) as the total
incremental cost of ammonia in the base case scenario
for CO, costs. This amounts to an increment of around
17 per cent in the cost of ammonia. The corresponding
increase in urea production cost is INR 2.22 per kg
(~USD 0.03) against an overall production cost which
ranged between INR 15 (~USD o0.2) to INR 25 (~USD
0.3) per kg between FY 2019-20 and FY 2022-23 as

per our estimates. The incremental cost of ammonia
rises with an increase in the blending proportion

and the cost of green ammonia, but it reduces with
arise in natural gas prices. Table 3 presents the
incremental cost of ammonia (in INR crore) across
ranges of various parameters associated with natural
gas prices, the cost of green ammonia, and the level
of green ammonia blending. We assume full-capacity
production of urea in India, which stands at 28.3
MTPA. Table 4 presents the sensitivities in terms of
percentage over grey ammonia costs. Annexure 3
presents the key assumptions used in this estimation.

Image: iStock
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Table 3 Sensitivities to the incremental cost of green ammonia for urea production at the full capacity of 28.3 MTPA
(INR crore)

Levelised cost of Delivered cost of
green ammonia natural gas (USD/
(USD/tonne) MMBtu)

Incremental cost of green ammonia blending (INR crore)

15 3,451 6,903 3,617

12 6,375 12,751 9,464
500
9 9,299 18,598 15,312
6 12,223 24,446 10,580 21,160
15 9,866 19,732 16,446
12 12,790 25,580 11,147 22,294
700 9 15714 31,428 14,071 28,141
6 18,638 37205 16,995 33,989
15 16,281 32,562 14,638 29,275
12 19,205 38,409 17,562 35,123
200 9 8,851 22,128 44,257 - 20,485 40971
6 10,021 25052 50,105 9,364 23,409 46,818
15 9,078 22,695 45391 - 21,052 42,105
12 5124 10,248 25,619 51,239 9,590 23,976 47952
+i00 9 5709 11417 28,543 57,086 10,760 26900 53,800
6 6,293 12,587 31,467 62,934 11,930 29,824 59,648

B Lowpremium [T High premium

Source: Authors’ analysis

Note: The cell shaded in green denotes an anchor value for the reference provided in text.
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Table 4 Sensitivities to the incremental cost of green ammonia for urea production at full capacity in terms of

percentage over the cost of grey ammonia

Delivered cost of
natural gas (USD/
MMBtu)

Levelised cost of
green ammonia
(USD/tonne)

Base-case CO, cost

Aggressive-case CO, cost

Incremental cost of green ammonia blending as percentage

15 2
12 13% 26%
500
9 25% 49%
6 47% 94%
15 16% 32%
12 26% 52%
700
9 42% 84%
6 72% 144%
15 27% 53%
12 16% 39% 78% 14% 36% 71%
900
9 12% 24% 59% 118% 22% 54% 109%
6 19% 39% 97% 193% 18% 36% 90% 181%
15 7% 15% 37% 74% 7% 14% 35% 69%
12 21% 52% 104% 19% 49% 97%
1,100
9 15% 30% 76% 152% 14% 29% 71% 143%
6 24% 49% 121% 243% 23% 46% 115% 230%
. Low premium High premium

Source: Authors’ analysis

Note: The cell shaded in green denotes an anchor value for the reference provided in text.

4.4 Incremental cost of green
ammonia for the production of
non-urea fertilisers

For the production of non-urea fertilisers, we estimate
that a 10 per cent blend of green ammonia with a
levelised cost of USD 700 per tonne against a grey
ammonia cost of USD 400 per tonne will result in an
incremental cost of INR 684 crore (~USD 85 million),
assuming average production levels for FYs from
2019-20 to 2021-22. This amounts to an incremental cost
of INR 0.54 (~USD 0.007) per kg of fertiliser end product

compared to a market price ranging between INR 20
and INR 47 per kg (~USD 0.2 to USD 0.6) (Department
of Fertilizers 2024b). This amounts to an increment of 8
per cent over the cost of non-urea fertilisers produced
grey ammonia vis-a-vis 14 per cent observed in the
case of urea. The associated sensitivities pertaining

to the incremental cost of hydrogen are presented in
Table 5. Here, we additionally include a 100 per cent
green ammonia blending scenario as the technical

and economic challenges associated with using green
ammonia in non-urea fertiliser production are much less
formidable.
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Sensitivities to the incremental cost of hydrogen are tempered for the production of non-urea fertilisers

5 10 25 50 100

Incremental cost of green ammonia at production volumes of 13.5
MTPA (INR crore)

11402200

600
500 400 2,280
200 1,710 3,420 6,840
600 2,280
700 400 1,710 3,420 6,840
200 2,850 5,700 11,400
600 1,710 3,420 6,840
900 400 2,850 5,700 11,400
200 1,596 3,990 7980 15960
600 2,850 5,700 11,400
1100 400 1,596 3,990 7980 15,960
200 2,052 5,130 10,260 20,520
Bl Low premium High premium

Source: Authors’ analysis

Note: The cell shaded in green denotes an anchor value for the reference provided in text.

We observe that on an absolute basis, the
incremental cost of green ammonia blending in
the production of non-urea fertilisers is lower than
that for urea production. Under certain conditions,
it may even be cheaper to use green ammonia

rather than grey ammonia. This difference between
the incremental costs of green ammonia in urea
and non-urea fertiliser production is even more
pronounced when given as percentages (Table 6).
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Table 6 Sensitivities to the incremental cost of green ammonia for non-urea fertiliser production over the cost of
grey ammonia in terms of percentage

Green ammonia blend (’ 5

Levelised cost of green Cost of grey ammonia (USD/ .
: Incremental cost of green ammonia as percentage
ammonia (USD/tonne) tonne)

600

500 400
200
600
700 400
200
600
900 400
200 18% 35% 88% 175% 350%
600 42% 83%
1100 400 88% 175%
200 23% 45% 113% 225% 450%
. Low premium High premium
Source: Authors’ analysis
Note: The cell shaded in green denotes an anchor value for the reference provided in text.
4.5 Financial |mpI| cations of green per tonne and is fully supported by the government.
. . In this scenario, we estimate that the impact on the
ammonia blendlng on government fertiliser subsidy for domestic urea production will
subsidies range from around 3 per cent to 14 per cent, considering

corresponding grey ammonia costs for the FY. For non-
urea fertilisers, the impact on the subsidy component
for indigenous NPK fertiliser production would range
from under 6 per cent in FY 2019—20 to —1 per cent in
FY 2022-23. The negative impact signifying a potential
gain in FY 2022-23 is attributed to a sharp rise in grey
ammonia costs due to geopolitical disturbances.

The incremental costs of ammonia estimated in Sections
4.3 and 4.4 are significant enough to warrant rendering
governmental financial support to fertiliser units. In
Table 7, we present an estimation of the impact on the
government’s subsidy outlay in a scenario where 10

per cent green ammonia is blended in domestically
produced fertilisers at a levelised cost of USD 700
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Table 7 Impact on government subsidies for domestic production of fertilisers with green ammonia blending will be

much lower for non-urea fertilisers

FY2019-20 | Fv2020-21 | F¥2021.22 | Fv2022.23

Urea subsidy INR crore
Urea subsidy (domestic production) INR crore
Domestic urea production MTPA
Subsidy per kg of domestic production INR per kg

Incremental cost of ammonia for 10% green
ammonia blend

INR crore
Incrementgl cost as § percentage of subsidy per kg Percentage
of domestic production
Subsidy for non-urea fertilisers under NBS policy INR crore
Subsidy for non-urea fertilisers (domestic

. INR crore

production)
Domestic non-urea fertiliser production MTPA
Subsidy per kg of domestic production INR per kg

INR per kg
Incremental cost of ammonia for a 10% green fertiliser
ammonia blend

INR crore
Incremental cost as a percentage of subsidy per kg Percentage

of domestic production

INR per kg urea  2.48

54,755 90,549 1,00,988 1,65,217
43,050 68,807 56,538 1,25,270
24.5 24.6 251 28.5
17.6 28.0 225 44.0
2.66 2.15 1.24
6,067 6,541 5,389 3,535
14.1% 9.5% 9.5% 2.8%
26,369 37,372 52,770 86,122
15,906 22,288 31,931 50,090
133 131 125 13.6
12.0 17.0 255 36.8
0.73 0.74 0.02 -0.37
974 963 26 -505
6.1% 4.3% 0.08% -1.01%

Source: Authors’ analysis based on Department of Fertilizers (2018a, 2020, 2021, 2022), The Fertiliser Association of India (2023a), Ministry of Finance

(2024)

5. The emissions mitigation
potential of green ammonia

Fertiliser production in India has the potential to become

a net-negative emissions industry with a switch to 100 per
cent green ammonia. A transition to green ammonia would
reduce emissions from the reforming process required to
produce hydrogen and absorb external CO, captured from
other industrial emissions in the urea production process.

Figure 13 presents the variations in the emissions
mitigation potential as a function of the proportion of
green ammonia blended in the urea and non-urea fertiliser
production processes. We account only for the mitigation
of emissions from fertiliser plants. The emissions from the
application of fertilisers to farms are not considered.

For urea, we estimate the mitigation potential of CO,
emissions to vary between 0.05 kg per kg of urea at a
5 per cent green ammonia blend and 0.94 kg per kg of
urea when 100 per cent green ammonia is used. At a
full-capacity production level, this implies a potential
mitigation of 1.3 MTPA to 26.6 MTPA of CO, emissions.
For non-urea fertilisers, the emission mitigation
potential of green ammonia blending is estimated

to be lower due to the lower specific consumption

of ammonia in the end products, and the mitigation
potential of CO, emissions would vary between 0.02
kg per kg of fertiliser at a 5 per cent green ammonia
blend to 0.36 kg per kg of fertiliser for 100 per cent
green ammonia. The total CO, mitigation potential
range is 0.2 MTPA to 4.7 MTPA for non-urea fertiliser
products.
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The emission mitigation costs are estimated separately
for urea and non-urea fertilisers to account for the
variance in grey ammonia costs and to factor in the

cost of the external CO, that must be procured for green
ammonia blending in urea production. We estimate
that the emissions mitigation cost for blending green
ammonia in urea fertilisers will range from a net gain of
around USD 10 per tonne of CO, mitigated in the most
aggressive scenario to around USD 230 per tonne of CO,

mitigated in the most conservative scenario (Figure 14).
The corresponding ranges for non-urea fertilisers are
lower - from a net gain of USD 60 per tonne of CO, to a
cost of USD 181 per tonne of CO, mitigated. As there is
no need for externally sourced CO, in non-urea fertiliser
production, the cost of mitigation is lower for non-urea
fertilisers, although the difference in grey and green
ammonia costs remain the same.

Figure 13 The specific emissions mitigation potential of green ammonia in fertiliser production is higher for urea

production
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Figure 14 Costs of CO, mitigation with green ammonia blending in non-urea fertiliser production would be lower for

the same green premium
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Green ammonia blending is vital in promoting
sustainability in India’s fertiliser industry. In addition to
its potential to reduce greenhouse gas emissions, it will
bolster India’s energy security. The fertiliser sector is an
upstream industry to agriculture, so energy stability in
the fertiliser sector will have a positive cascading effect
on the stability in food and crop production in India.

Replacing grey ammonia with green ammonia will drive
down natural gas consumption in the sector. One-time
capital investments in green ammonia assets can help
offset subsidy expenditure, tied to volatile natural

gas costs, that is incurred on an annual basis. These
capital investments can be co-financed by multilateral
development banks, and strategic foreign investors
along with the Indian government. The existing viability
gap funding provisions under the National Green
Hydrogen Mission (NGHM) can be also leveraged. In

the long term, the subsidy burden on fertilisers can be
allayed with these measures without fundamentally
changing the structure of the subsidy.

As the fertiliser sector is a major consumer of hydrogen
in India, transitioning to green ammonia would be
instrumental in developing India’s green hydrogen
economy. Therefore, it is important to find ways to
bridge the economic premium associated with the
transition to green ammonia in the fertiliser industry.
We propose the following recommendations to aid the
transition to green ammonia.

6.1 Prioritise the transition of non-
urea fertilisers for green ammonia
blending

It is evident from our analysis that the production of
non-urea fertilisers has a lower green premium than
that for urea production. As observed, in certain volatile
periods, procuring green ammonia at stable and
predictable prices could even turn out to be cheaper
than procuring grey ammonia. The other benefit of
prioritising green ammonia blending in non-urea
fertilisers over urea is that the technical challenges of
blending, including the need to procure external CO,,
are sidestepped.

Non-urea fertilisers require around 3 MTPA of ammonia,
79 per cent to 89 per cent of which is imported (Figure 7).
A 50 per cent green ammonia blending mandate, for
example, would translate to 1.35 MTPA to 1.5 MTPA of

Economic Feasibility of Green Ammonia Use in India's Fertiliser Sector

green ammonia demand and, by extension, a demand for
0.24 MTPA to 0.26 MTPA of green hydrogen. Therefore,
building a supply of green ammonia even at these
volumes will not be a challenge in India, even in the short
term, considering the projected capacity of the green
hydrogen and green ammonia projects being developed.

We recommend a progressive blending mandate for
green ammonia, such that it reaches 100 per cent by
2030 only for non-urea fertilisers. By then, an adequate
supply of green hydrogen and green ammonia should
have been established, in line with the NGHM targets.
In the shorter term, the Department of Fertilizers can
introduce a lower blending mandate, economically
supported by the production incentives announced in
the NGHM for green ammonia (Ministry of New and
Renewable Energy 2024). Currently, these production
incentives are unrestricted and do not depend on who
the offtaker is. Since such incentives help bring down
the economic premium, we recommend that a portion of
the incentives tranche be earmarked for offtake by the
Indian fertiliser industry. In addition, the government
could also support fertiliser companies by awarding

a marginal subsidy bonus over NBS rates for the
production of green non-urea fertilisers, for a stipulated
duration.

6.2 Reduce the cost of capital
for green hydrogen and green
ammonia infrastructure

Capital expenditure for establishing electrolysers and
renewable energy components is the most prominent
factor, estimated to account for up to 81 per cent of the
levelised cost of hydrogen. This makes the levelised cost

of ammonia highly sensitive to the cost of capital for green
hydrogen infrastructure. Reducing the levelised cost is a
greater challenge in India due to the higher costs of private
capital in India compared to countries in the developed
world. The Indian government could provide grants or
low-cost loans dedicated to supporting capital expenditure
for green ammonia projects in the fertiliser industry. We
estimate that a reduction in the levelised cost of ammonia
of around 23 per cent could be achieved with a five
percentage point reduction in the cost of capital (Figure 15).
This implies that the levelised cost of green ammonia can
be reduced by around USD 194 per tonne with the theorised
reduction in capital cost. The conversion of the levelised
cost of green hydrogen to a levelised cost of green ammonia
is based on the authors’ analysis of the capital expenditure
models for green ammonia plants reported in the literature
(Butterworth 2022).
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Figure 15 A reduction in the levelised cost of green ammonia of around 23 per cent can be achieved with a five
percentage point reduction in the cost of capital
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6.3 Include the fertiliser sector in these pathways must be investigated through research

the Indian Carbon Market before incorporating them into policy actions.
Green ammonia use in India’s fertiliser sector has the
potential to transform the sector into a net-negative
emitter of greenhouse gases due to the utilisation of

CO, in the urea manufacturing process. The inclusion

of this sector in the Indian Carbon Market being
developed by the Bureau of Energy Efficiency (BEE)

will allow fertiliser companies to generate revenue by
selling carbon credits. While the cost of CO, mitigation
with green ammonia blending is high in most cases,

as shown in Figure 14, there are a few cases where the
cost of mitigation is comparable to the carbon price in
global carbon markets. With evolving cost economics,
we expect the cost of mitigation to drop. To prepare the
sector to leverage carbon markets in such a scenario, we
recommend that the government define a monitoring,
reporting, verification, and certification framework in
addition to the institutional measures the Carbon Credit
Trading Scheme (CCTS) will bring in.

Firstly, alternatives to urea, such as ammonium sulphate
or ammonium phosphate, could be promoted. These
fertilisers offer a fungible pathway to replace grey
ammonia with green ammonia as they do not impose
CO, requirements. In addition, these fertiliser products
can help in balancing the nutrient profile of farmlands
and reducing the overall application of fertilisers due to
better uptake efficiency. However, if these fertilisers are
to be adopted widely, farmers should be given incentives
to make them attractive in comparison to urea, which is
cheaply available.

Secondly, the technical parameters involved in
blending green ammonia or green hydrogen in urea
production must be investigated through a pilot
project. Conclusive data on parameters such as CO,,
steam and ammonia availability, additional heat
requirements and their sources, acceptable turn-down
parameters, impact on overall energy efficiency and

i emission intensity, infrastructural and operational
6.4 Investigate pathways to requirements, and so on must be made available

utilise green ammonia in nitrogen before effecting any policy intervention in urea
deliverv to crops production. The financial premium associated with

e y P green ammonia blending is substantial, and no action
We suggest two pathways through which green ammonia can be taken without a thorough understanding of
can help in the sustainable transition of nitrogen these aspects.
delivery to farmlands. The effectiveness and efficacy of



A strategic and calibrated approach to introducing

green ammonia into India’s fertiliser industry is needed
considering the criticality of fertiliser use in agriculture,
green ammonia’s potential to mitigate the emissions from
fertiliser production and the difference in green and grey
ammonia costs. In the short term, green ammonia use

in non-urea fertilisers must be promoted over urea as

the difference in green and grey ammonia costs is lesser,

BEE Bureau of Energy Efficiency

CCTS Carbon Credit Trading Scheme

C0,eq. carbon dioxide equivalents

CPP captive power plant

DAP diammonium phosphate

FY financial year

Gcal giga calories

GST Goods and Services Tax

INR Indian National Rupee

K potassium

LNG liquefied natural gas

MMBtu million metric British thermal units
MT million metric tonne

MTPA million metric tonne per annum
MW megawatt

N nitrogen

NBS Nutrient Based Subsidy

NGHM National Green Hydrogen Mission
OCF other complex fertilisers

P phosphorous

PM-PRANAM

RLNG re-gasified liquefied natural gas
S sulphur

SEC specific energy consumption
TEN target energy norms

USD United States Dollar

VAT value-added tax
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and the technical requirements are simpler for non-urea
fertilisers. In the long term, pathways to structurally
reduce the levelised cost of green ammonia, demonstrate
the proof-of-concept of green ammonia blending in

urea production, and leverage carbon credits need to

be explored. These measures will be instrumental in
promoting green ammonia adoption, which will reduce
the import dependence of the fertiliser sector, and secure
its energy needs, in addition to the primary objective of
decarbonising the industry.

Prime Minister’s Programme for Restoration, Awareness, Nourishment and Amelioration of Mother Earth
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