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RMI is an independent nonprofit, founded in 1982 as Rocky Mountain Institute, which transforms global
energy systems through market-driven solutions to align with a 1.5°C future and secure a clean, prosperous,
zero-carbon future for all. We work in the world’s most critical geographies and engage businesses,
policymakers, communities, and NGOs to identify and scale energy system interventions that will cut
climate pollution at least 50 percent by 2030. RMI has offices in Basalt and Boulder, Colorado; New York City;
Oakland, California; Washington, D.C.; Abuja, Nigeria; and Beijing.

Indian Ports Association (IPA) was formed and registered in Delhi in 1966 under the Societies Registration
Act, 1860 primarily to foster the growth and development of all Major Ports. Over the years, IPA has
consolidated its activities and grown strength by strength and is considered to be a think tank for the

Major Ports with the ultimate goal of integrating the maritime sector.
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Foreword

We stand at the cusp of an extraordinary transformation in global energy systems, and our ports are poised

to be the catalysts of this revolutionary change. The emergence of green hydrogen represents not just an
alternative fuel source, but also a fundamental reimagining of how we power our world, and India’s ports
are ready to lead this historic transition. The convergence of India’s abundant renewable energy resources,
strategic maritime position, and robust industrial capabilities presents us with an unprecedented opportunity.
Our ports are evolving from traditional transit points into dynamic green hydrogen hubs, positioned to
serve as the backbone of a new global energy economy. This isn’t just about adapting to change — it’s about
driving it.

The potential before us isimmense. Our eastern ports — V.0. Chidambaranar and Paradip — are strategically
positioned to become powerhouses in the burgeoning East Asian market. Meanwhile, our western giants —
Deendayal, Jawaharlal Nehru Port Authority (JNPA), Mumbai, and Cochin — are poised to meet Europe’s
growing appetite for clean energy. This geographic advantage, combined with our rapidly expanding
industrial capacity, positions India to become not just a participant, but a leader in the global green hydrogen
revolution. Vision without action remains merely a dream. We are committed to making substantial
investments in cutting-edge infrastructure — from advanced storage facilities to state-of-the-art pipelines
and refuelling stations. This infrastructure will handle not just green hydrogen, but also its derivatives like

green ammonia, creating a comprehensive ecosystem that supports the entire value chain.

The transformation of our ports into green hydrogen hubs represents more than an infrastructure
upgrade — it’s a bold statement about India’s role in shaping the future of global energy. We’re not just
building facilities; we’re creating centres of excellence that will drive innovation, attract investment, and
set new global standards for sustainable maritime operations. This report lays out our roadmap for this
ambitious journey. It’s a testament to our commitment to innovation, sustainability, and global leadership
in the green hydrogen economy. The path ahead is clear, and the time to act is now. Together, we will
transform our ports into beacons of sustainable energy, driving economic growth while contributing to
global decarbonisation goals. The future of energy is green, and India’s ports will be at the heart of this

transformation. Join us as we embark on this exciting journey to reshape the global energy landscape.

Shri Vikas Narwal, IAS

Managing Director, Indian Ports Association
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Executive Summary

Green hydrogen will play a critical role in reaching India’s 2070 net-zero goal, offering energy security
and economic opportunities. Promoting green hydrogen technology and infrastructure is one of the key

elements of India’s long-term low-carbon growth strategy.

With green hydrogen and its derivatives termed as alternative fuels for the maritime sector and exports
becoming an integral part of the green hydrogen economy, infrastructure readiness is essential to scaling
India’s green hydrogen ecosystem and seizing the opportunities it presents. India’s ports can be the conduit
for this shift. They have an opportunity to evolve from being mere transit points for goods to become
dynamic ecosystems at the forefront of the global energy transition. The synergy between ports and the
green hydrogen value chain, in particular, offers India an opportunity to accelerate its clean energy
transition. Ports provide strategic advantages for green hydrogen hubs and trade, while green hydrogen

boosts ports’ role in decarbonisation, unlocking revenue opportunities like bunkering and refuelling.

Ports provide strategic advantages for
green hydrogen hubs and trade, while green
hydrogen boosts ports’ role in decarbonisation,
unlocking revenue opportunities like
bunkering and refuelling.

A common user infrastructure (CUI) framework will be fundamental in establishing green hydrogen facilities,’
enabling ports to become central hubs. Emerging port hubs could serve both domestic and export markets,
leveraging their proximity to industrial clusters such as fertiliser producers and refineries, presence of
existing infrastructures like storage and distribution systems, access to international trade, and the captive
demand from shipping and logistics operations. However, ports will need to address significant challenges,
including high costs for green hydrogen and ammonia, limited pre-existing investment and business models,

uncertain demand, and complexities in land acquisition and permitting.

Acknowledging these challenges, this study examines six key Indian ports — Deendayal in Gujarat, V.O.
Chidambaranar (VOC) in Tamil Nadu, Paradip in Odisha, Cochin in Kerala, and Mumbai and Jawaharlal Nehru
Port Authority (JNPA) in Maharashtra — to explore both the potential for repurposing existing

infrastructure and the development of new assets. It assesses the suitability of repurposing gas pipelines

i Common user infrastructure (CUI) refers to shared facilities or systems designed to be used by multiple entities or stakeholders.
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and transforming liquefied natural gas (LNG) import terminals, if needed, to complement the new

infrastructure that will be required to support the green hydrogen transition.

Additionally, the study outlines the new infrastructure and investment requirements needed to meet future

demand for green hydrogen and ammonia at these ports while assessing the global competitiveness of the

green hydrogen-based derivatives such as ammonia produced in the vicinity of these ports.

Key insights from this report with respect to port readiness for green hydrogen transition fall under three

categories: a) prospects for leveraging existing infrastructure; b) investment in new infrastructure; and c)

securing exports and bunkering opportunities.

Existing infrastructure, if necessary and available, can be repurposed
to complement the development of new infrastructure at the ports.

To support green hydrogen projects, developing a new hydrogen pipeline network is
essential. But high costs — 70%-80% from materials, labour, and construction — and
challenges like securing rights of way make repurposing underutilised pipelines appealing.
Decisions on blending (to be applied judiciously while mitigating associated risks; see Box 2,
page 27) repurposing hydrogen-ready pipelines, or new construction depend on factors such
as pipeline diameter, pressure, and urban proximity, and the ability to leverage existing
infrastructure.

Similarly, India’s LNG import terminals could be retrofitted to handle the export of green
hydrogen derivatives such as ammonia. Clear cost advantage arguments are evident for
repurposing LNG import terminals. Greenfield ammonia terminals with a capacity of 5 million
tons per year (Mt/year) are estimated to cost between 320,401 crore (US$234.2 million) and
321,209 crore (US$243.4 million). In contrast, repurposing LNG terminals — either after or
before commissioning — would cost approximately 314,766 crore (US$169.5 million) and
212,581 crore (US$144.4 million), respectively, assuming a 30-year operational lifespan for the
LNG terminals. While repurposing these terminals could complement the development of
new greenfield ammonia terminals, it may not always be feasible, particularly when existing
consumers of LNG continue to rely on these facilities.

Optimised investment in new infrastructure, such as portside
storage, will be essential in scaling up the green hydrogen ecosystem.

While existing infrastructure can be repurposed on a case-by-case basis, new infrastructure
will also be required to cater to expected growth in the green hydrogen/ammonia industry.
In new build-outs, storage is critical to meeting domestic production, consumption
including refuelling, and export targets.
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Because ammonia is primarily traded as fertiliser input, several ports already have nearby
ammonia storage facilities. Cochin, Deendayal, and JNPA have a strategic advantage in
supporting green hydrogen production, as they are electricity distribution licensees with
established ammonia storage and handling facilities. However, additional portside ammonia
storage is necessary if direct pipelines from production plants to port berths are unavailable

or if plants are located farther from the port.

Although lifetime storage costs generally increase with scale, leveraging existing storage
can reduce costs by avoiding additional capital expenditures. Given the high cost of new
build, determining the optimal storage capacity is key to cost management. The levelised
cost of storage declines significantly as capacity increases to a range of 1-1.5 Mt/y after
which cost reductions from economies of scale become more gradual. Although economies
of scale reduce capital expenditures initially, beyond 1.0-1.5 Mt/y costs continue to
decrease only marginally. Additionally, electricity and other operational and variable costs
rise proportionally with storage size, offsetting some capital expenditure savings. However,
a constant tank utilisation rate can provide extra revenue from the tank itself, which will

result in a net lower levelised cost.

Ports must secure both domestic and global bunkering export
demand to capitalise their substantial investments.

Given the expected investment in production, transportation, and storage infrastructure, it
is important for producers and port operators to assess and capitalise on competitiveness
of green hydrogen/ammonia from India. East Asia, particularly Japan, Singapore, and South
Korea, represents a prime market for green ammonia production due to its proximity to
India’s eastern coast. Anticipated production volumes from ports like VOC and Paradip are
well aligned to supply significant volumes of green fuel to these nations. Moreover, producing
atIndia’s East Coast ports is competitive with production at other hubs, such as Egypt and
Australia, primarily due to government incentives, India’s renewable resources, and shorter
transportation times. However, it is worth noting that overall production costs in Australia
could be lower, due to the country’s Hydrogen Production Tax Incentive, introduced in

May 2024.

For the western ports of Deendayal, JNPA, Mumbai, and Cochin, the European Union (EU) is
a promising market. The EU aims to import 10 million tons of green hydrogen by 2030, and

India is well positioned to fulfil a significant portion of this demand.

Ammonia is an input for the majority of fertilisers produced in India, especially in urea, diammonium phosphate, etc.
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India can export green ammonia to Rotterdam at competitive costs compared to other
green hydrogen-exporting nations like Namibia and Egypt, making imports from India
particularly appealing for the EU. Although transportation costs are also an important

factor, they can be offset by India’s competitive renewable energy prices.

Recommendations

Accelerating ports’ readiness as green hydrogen hubs requires sustained and collaborative efforts to
facilitate land availability, stimulate demand, develop infrastructure, foster international partnerships,

and encourage active investments.

To fully realise the potential of ports as green hydrogen hubs, it is crucial to prioritise strategic
CUlimprovements and cultivate global collaboration. Five key areas of recommendation for enhancing
portinfrastructure to support the development of green hydrogen hubs are summarised in Exhibit ES1

with details in section 5.
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Exhibit ES1 Recommendations for preparing port infrastructure for a green

hydrogen hub
Key Focus Areas Recommendations
Facilitate Land Ensure that sufficient land parcels in and around ports are available and accessible for green
Availability hydrogen projects and related industrial and infrastructure development.

o Establish long-term leasing programmes by introducing state-backed long-term leasing
initiatives, similar to Gujarat’s model of offering 40-year leases at competitive rates.

o Designate land for end-use industries by setting aside allocated parcels for green hydrogen
offtakers to develop an integrated green hydrogen system.

o Create atiered land allocation strategy that prioritises green hydrogen production facilities,
end-user industries, and related facilitators.

Map and Facilitate Map and facilitate demand for green hydrogen and its derivatives domestically (within and
Demand Creation around the port) and internationally to drive the initial offtake and market creation.

e Conduct demand mapping analysis to estimate green hydrogen volumes and identify offtake
sectors, informing infrastructure sizing and requirements.

e Facilitate global demand generation opportunities and target international markets to
initiate demand creation measures and strengthen production capacity.

e Facilitate local demand creation by working with industrial stakeholders to co-locate projects
with green hydrogen production facilities.

Invest in Backbone Establish dedicated CUI such as intra-port pipelines, storage units, electricity transmission and
Infrastructure distribution, water and CO2 pipelines, etc. to ensure that the infrastructure at port is ready to
support exports and domestic hub development.

o Establish a hub-based CUI model based on projected demand and production.

o Support bunkering and export facilities including appropriately sized storage infrastructure
to align with forecasted demand.

o Installintra-port transport pipelines for green hydrogen and carbon dioxide to streamline the
transportation process for green molecules and support carbon management initiatives.

o Ensure water supply and develop desalination facilities, which could be scaled for community
use in water-scarce areas.

o Aggregate energy demand for green power by partnering with distribution companies
(DISCOMs) and independent power producers to pool demand from existing port industries.
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ExhibitES1 Recommendations for preparing port infrastructure for a green
hydrogen hub (continued)

Key Focus Areas Recommendations

Transition in Role of Move beyond being enablers by becoming active investors, starting with joint pilots to
Ports demonstrate the viability of green hydrogen and derivatives projects.

o ldentify and prioritise high-potential partnership for joint venture opportunities to co-invest
in infrastructure and thereby maximise technical expertise and resource allocation.

o Initiate joint pilot projects with industry partners to test the viability of green hydrogen and
hydrogen derivatives production, storage, and export at the port.

e Implement hydrogen bunkering and refuelling pilots following the example of ports like
Singapore.

o Establish green hydrogen industrial parks within port premises, where infrastructure, land,
and utilities are jointly managed.

Foster International Promote international partnerships and collaborations with global ports or industries to integrate
Collaboration ports into the global green hydrogen and derivatives supply chain.

o Establish green corridors, like the Port of Singapore creating a green corridor between
Singapore and China in 2024.

o Create and integrate supply chains, taking inspiration from the collaborative agreements
between the Port of Rotterdam and Spanish giant Cespa.

» Promote technology transfer with technological partners to create global standardisation
as seen with the Ulsan Port involving major South Korean stakeholders on the creation of an
ammonia bunkering industry.

RMI graphic.
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Introduction

India has set an ambitious target to achieve net-zero carbon emissions by 2070, aligning with global efforts
to combat climate change.? The nation’s strategy focuses on transitioning to clean energy, enhancing
energy efficiency, and reducing reliance on fossil fuels. Hydrogen, particularly green hydrogen produced
using renewable energy, is poised to play a pivotal role in this transition.® It serves as a versatile and
sustainable energy carrier while enabling decarbonisation across hard-to-abate sectors. By leveraging its
vast renewable energy resources, India aims to become a global hub for hydrogen production and export,

fostering energy security and economic growth while also advancing its net-zero objectives.

Ports have evolved beyond serving merely as transit points for goods to providing dynamic ecosystems at
the forefront of the global energy transition.* In addition to driving economic growth, facilitating
international trade, and fostering regional development, ports are increasingly transforming into clean energy
hubs.® With a legacy of handling energy molecules as importers or exporters worldwide, ports possess a
strong foundation in terms of infrastructure and capabilities needed to support both domestic and global
energy supply chains.® This also positions them as pivotal hubs for the production, distribution, storage,

and consumption of new energy and feedstock molecules like green hydrogen and its derivatives.":”

The evolving synergy between ports and green hydrogen presents an opportunity for India to accelerate
its clean energy transition. Ports and green hydrogen share interdependencies that can drive the growth
of both industries. While green hydrogen production need not be exclusively concentrated near ports, the
infrastructural capabilities of ports and the co-location of industries in their vicinity offer a competitive
advantage for establishing domestic hubs and enabling trade. In return, green hydrogen positions ports
at the forefront of decarbonisation efforts, unlocking additional revenue opportunities such as bunkering

and refuelling by facilitating the handling and distribution of green hydrogen and its derivatives.

Ports are transforming from
transit points into dynamic clean energy
hubs, leveraging their infrastructure
and expertise to drive the global green
hydrogen economy.

vi. Feedstock here refers to natural gas
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Ports are strategically positioned to become hubs for green hydrogen production and trade, leveraging
their existing infrastructure, such as ammonia storage tanks, pipelines, and liquefied natural gas (LNG)
import terminals. These facilities can be partially repurposed to support hydrogen and its derivatives.
However, the potential for repurposing is limited, creating both need and opportunity for ports to develop
new, dedicated infrastructure to enable a large-scale hydrogen value chain. By fostering infrastructure
development while capitalising on the potential of existing assets, ports can serve as catalysts for a faster

and more cost-effective transition to green hydrogen.

Globally, ports are making significant strides in integrating green hydrogen infrastructure. Export hubs

like Walvis Bay in Namibia and Salalah in Oman are investing in water desalination facilities and hydrogen
pipelines, essential for large-scale hydrogen exports. Oman has established “InfraCo” to oversee
development and completion of shared hydrogen infrastructure by 2029, while Namibia is conducting market
soundings to explore shared infrastructure.® Meanwhile, importing nations like those in the EU are also
advancing, with the Port of Rotterdam expanding its ammonia import terminal and building dedicated

hydrogen pipelines to support transport and distribution.®

India is also positioning its ports at the mainstream of the green hydrogen transition. In May 2023, the
Ministry of Ports, Shipping, and Waterways (MoPSW) launched the Harit Sagar Green Port Guidelines, aimed
at decarbonising the maritime sector and contributing to India’s goal of achieving net-zero emissions by
2070.1° These guidelines set ambitious targets, such as establishing green ammonia bunkering and

refuelling facilities at all major ports by 2035.%

To support this initiative, leading ports like Deendayal, Paradip, and V.0. Chidambaranar (VOC) are being
developed to become key export hubs for green hydrogen, ammonia, and methanol by 2030.12 These ports
have already allocated approximately 4,500 acres to more than 19 developers expressing interest in
developing green hydrogen complexes.®* These projects are expected to bring in investments of up to

%1.5 lakh crore (US$172 billion), and more are in the pipeline, making ports a conduit for green hydrogen-

based investment, aimed at harnessing export opportunities.**

In addition to their export potential, ports can support production facilities capable of meeting demand
through hybrid consumption models, combining domestic industrial use with international trade. For
instance, European ports like the Port of Rotterdam have established agreements to facilitate the import
of green molecules from exporters such as Australia and Mauritania, thereby aggregating demand while
encouraging local production for regional consumption.** Ports and their surrounding areas often host
clusters of energy-intensive industries, including steel, cement, and chemicals, making them ideal for
fostering aggregated demand for green hydrogen and its derivatives. This presents a dual opportunity: ports
and their vicinities can serve as both supply centres for green hydrogen exports and consumption hubs for

domestic industries transitioning to cleaner energy sources.
Despite the immense potential of Indian ports to become green hydrogen hubs, several challenges and

knowledge gaps remain unresolved. There is a need for a comprehensive assessment of the infrastructure

and investment required to support green hydrogen production, storage, and distribution.
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This includes analysing the technical and economic feasibility of integrating green hydrogen into port
operations and handling of different green fuels, such as green hydrogen itself, methanol, and ammonia.
Furthermore, the role of ports as hydrogen producers, distributors, or consumers needs to be clearly
defined, and potential operational and financial hurdles must be addressed for effortless creation of green

hydrogen ecosystems.

Understanding market demand, developing offtake agreements, and establishing logistical frameworks for
hydrogen distribution will be crucial for ports to capitalise on the growing green hydrogen market. By
addressing these challenges via preparatory actions, ports can unlock their full potential as green hydrogen

hubs, contributing to both domestic energy needs and international trade.

Enablers and challenges for ports to lead development of
green hydrogen hub

Ports are more than just facilitators in the green hydrogen value chain; they are dynamic ecosystems

capable of anchoring production, facilitating demand aggregation, and enabling seamless connectivity
between domestic consumption and global export markets. By leveraging their locational advantages,
presence of industrial clusters and infrastructure in the vicinity, ports can accelerate the green hydrogen

transition. Several key opportunities are summarised below.

Proximity to industrial clusters

1
Ea Industries such as steel production, refining, and chemical processing are often strategically

AVAN

clustered around major ports.t® These industrial hubs, with access to both land and maritime
transportation networks, position ports as ideal centres for developing green hydrogen

value chains.’

= Existing infrastructure
Ports already possess robust logistics, supply chains, storage, and distribution systems that
can be adapted to support the green hydrogen value chain.!®* With upgrades, these facilities

can handle some of the early small-scale projects to establish the business case for ports.

Ability to manage land
= Ports often operate as landlords offering land parcels to industries.” This allows ports to also

allocate land parcels for emerging green hydrogen projects as they have done in Deendayal,
Paradip, and VOC.? Additionally, ports are often accompanied by Special Economic Zones that

allow industries to establish their operations near port infrastructure.
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Experience in trading and managing energy commodities

Many ports already handle significant volumes of energy commodities like crude oil, LNG,
and ammonia.?! This experience provides the foundation for handling hydrogen, including
the necessary safety protocols, regulatory frameworks, and operational know-how. Ports
such as Mumbai and Cochin are already major marine fuel bunkering hubs in the Indian

subcontinent and have the potential to be transformed into hubs for green fuel bunkering.?

Offering captive demand and emission reduction potential

In addition to supporting industrial hydrogen applications, ports have the opportunity to
decarbonise their own operations and logistics. By adopting hydrogen fuel cell electric
vehicles for heavy-duty transport, such as trucks, boats, and other port machinery, ports can
offer an additional captive market for green hydrogen.? According to India’s submission to
the United Nations Framework Convention on Climate Change (UNFCCC), the maritime sector,
including international fleet bunkering, emitted over 3 million tonnes of CO2e, equivalent to
1 million metric tonnes of oil.* Adopting green hydrogen and derived zero-emission fuels like
green ammonia and green methanol can decarbonise port operations, including intra-truck
and global shipping movements, accelerating ports towards net-zero emissions.? This
transition not only helps mitigate fuel-related emissions but also opens up new revenue streams

through bunkering of zero-emission fuels, supporting both domestic consumption and exports.

Key challenges include infrastructural limitations, complex regulatory landscapes, and the need for

substantial project investments. Furthermore, integrating hydrogen into existing operations demands the

establishment of new safety protocols, advanced transmission and storage solutions, and robust

stakeholder coordination. Addressing these challenges is crucial for ports to harness the benefits of the

green hydrogen economy and contribute to a broader energy transition. Some barriers are detailed below:

Gateway to Green

Traditional role of ports

Scaling up green hydrogen infrastructure and access to competitive financing is essential
for developing costly projects like renewable energy production and hydrogen production
and transport systems. Ports would need to shift away from their traditional role of focusing
on infrastructure provision. This will signal the need for growth in technical capacity and

changes in their business model to enable the creation of large-scale green hydrogen hubs.

High capital costs of infrastructure

Although storage units for hydrogen/ammonia already exist in some ports, their current
handling capacity is minimal compared with the projected future demand.?® Transitioning
to green hydrogen will require significant investment in new infrastructure, such as storage
facilities and specialised transportation networks. These needs, coupled with the high

up-front capital costs, present major challenges as funding such large-scale projects
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requires both public and private investment. The high costs also increase the financial risk,
making it difficult to secure investment without strong government support and policy

incentives.?”

Limited and uncertain market demand for green hydrogen

Although the green hydrogen ecosystem is emerging, the actual market demand and
timeline for adoption remain uncertain. Although there have been several high-level
announcements and pilot projects, long-term offtake agreements are rare.?® This uncertainty
makes it difficult to plan and scale port infrastructure, as demand projections directly
influence the size and scope of the required facilities. High-level production capacities and
unclear utilisation targets for the industries blur the market dynamics of the industry.?
Without clear market signals, there is a risk of creating stranded assets or underutilising

infrastructure, which could lead to financial losses and decreased investor interest.

Complex land acquisition and permitting

The land acquisition process is often time-consuming due to complex legal frameworks,
ownership disputes, and bureaucratic delays. Furthermore, obtaining the necessary
permits for construction and operation can be a lengthy process. These regulatory hurdles
can slow down the pace of green hydrogen infrastructure development, leading to missed

opportunities in a rapidly evolving global market.

Risk translating to high cost of financing capital

The above-mentioned risks translate into a higher weighted average cost of capital (WACC)
for the projects, increasing the overall cost of the project.* Elevated WACC signifies that
investors require higher returns to offset the perceived risks, making it more expensive for
developers to secure financing.>* Without clear guarantees on returns or proven business
cases, many investors will remain cautious. This hesitancy exacerbates the funding gap,

further increasing the overall cost of projects and slowing their implementation.

rmi.org /17


http://rmi-india.org

Scope of the study

While acknowledging the challenges highlighted, this report aims to bridge the gaps in knowledge and
action items by providing valuable insights to key stakeholders — including port authorities, policymakers,
investors, developers, and consumers. Using extensive analyses and global case studies, the report offers
valuable insights and lessons that Indian ports can leverage as they embark on their journey toward green

hydrogen infrastructure readiness. Exhibit 1 on the next page provides an overview of the scope of the study.

The study examines the new infrastructure and investment requirements to meet the volume-handling
goals ports are anticipating in future. Additionally, it compares costs and benefits of repurposing existing
portinfrastructure, such as gas pipelines for hydrogen blending and converting LNG import terminals into
ammonia export hubs with the investment needed for new infrastructure. The report also delves into the

production cost economics and the infrastructure and investment requirements.

Finally, the report provides strategic recommendations for transforming Indian ports into key players in the
global green hydrogen transition, ensuring that they can meet both domestic and international demand, and

fully realise their role as catalysts in the clean energy economy.

The report seeks to complement the Harit Sagar Guidelines and the Amrit Kaal 2047 vision by positioning
ports as hubs for green hydrogen-related activities. With VOC, Paradip, and Deendayal ports already
designated as green hydrogen hubs, and more expected to follow, the report lays a foundation by evaluating
infrastructure and investment requirements and analysing the cost competitiveness of green hydrogen

production at these ports.*
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Exhibit 1 Scope of the study

MoPSW and MNRE
1. Deendayal ports to be green
2. VOC ggggogen hubs by
3. Paradip ’
4. Cochin Other major ports to
5. Mumbai be ready by 2035.
6. JNPA

Brownfield:
post-commissioning

—

Brownfield:
> pre-commissioning

vs.
Greenfield
ammonia terminal

RMI graphic.
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Framing the narratives

"Portinfrastructure readiness" is a nuanced and variable concept shaped by different conditions and is not
easy to define. To address this complexity, a scenario-based approach provides a practical framework for
analysis. While this study does not aim to define port readiness conclusively, it highlights the key factors

necessary for ports to play a central role in the green hydrogen transition.
The study on infrastructure readiness is divided into two parts:

A. Leveraging existing infrastructure: This includes assessing current electricity supply systems and
the ability to integrate renewables, existing ammonia storage facilities and pipelines, as well as LNG
handling terminals that can be scaled or repurposed for handling green hydrogen and its derivatives in

the future.

B. Building new infrastructure: The scale of the green hydrogen transition requires more than just
repurposing of existing facilities. The study evaluates the requirements for new ammonia storage

units at ports to avoid infrastructure bottlenecks.

Collectively, the existing and new assets described here are classified as common user infrastructure
(CUI) for the ports. CUI represents the shared facilities, networks, and systems that support the entire
green hydrogen value chain from production to end use. These are not proprietary assets for individual

companies or projects but are designed to serve multiple producers, consumers, and sectors.

The focus is on six key ports identified as critical to India’s green hydrogen ambitions: Deendayal in
Gujarat, VOC in Tamil Nadu, Paradip in Odisha, Cochin in Kerala, and Mumbai and JNPA in Maharashtra.
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Exhibit 2

RMI graphic.

Gateway to Green

Gujarat

« Green hydrogen policy: No

« Key measures for green hy drogen
development: Land allocc tion

« State-installed capacity: t4.5 GW (solar),
12.1 GW (wind)

« Committed land by ports for green
hydrogen: 1618.74 ha

« Key players: RIL, L&T, Grecnko, etc.

Hydrogen-Based Industrial Cluster Near
Deendayal Port

« Refineries: None

« LNG terminal: Mundra (5 Mt/y)

« Fertiliser units: IFFCO (DAP: 1.2 Mt/y)

Kerala

« Green hydrogen policy: In progress

« Key measures for green hydrogen
development: Hub-based model initiated

« State-installed capacity: 1.1 GW (solar),
0.06 GW (wind)

« Committed land by ports for green
hydrogen: None announced

« Key players: ReNew

Hydrogen-based Industrial Cluster Near

Cochin Port

« Refineries: BPCL (15.5 Mt/y)

¢ LNG terminal: Kochi (5 Mt/y)

« Fertiliser units: Fertilizers and chemicals
Travancore Limited (0.9 Mt/y)

. Port o LNG Terminal

Characteristics of ports and states evaluated in this study

Maharashtra

« Green hydrogen policy: Approved

« Key measures for green hydrogen
development: Electricity-based incentives

« State-installed capacity: 7.1 GW (solar),
5.2 GW (wind)

« Committed land by ports for green
hydrogen: None announced

« Key players: ReNew, NTPC Green Energy,
AVAADA, etc.

Hydrogen-Based Industrial Cluster Near

Mumbai/JNPA Port

« Refineries: HPCL (9.5 Mt/y), BPCL (12 Mt/y)

¢ LNG terminal: None

« Fertiliser units: RCF Thal (urea:1.7 Mt/y),
RCF Trombay (0.33 Mt/y, Deepak Fertilizers
(0.6 Mt/y)

Odisha

« Green hydrogen policy: Yes

« Key measures for green hydrogen
development: Electricity-based incentives

« State-installed capacity: 0.5 GW (solar),
0.1 GW (wind)

« Committed land by ports for green
hydrogen: None announced, but land
allocation initiated

« Key players: ReNew, Welspun New Energies,
ACME, etc.

Hydrogen-Based Industrial Cluster Near

Paradip Port

« Refineries: I0CL (15 Mt/y)

« LNGterminal: None

« Fertiliser units: Paradeep Phosphates
(DAP:1.2 Mt/y), IFFCO (DAP: 1.5 Mt/y)

Tamil Nadu

« Green hydrogen policy: In progress

« Key measures for green hydrogen
development: Land allocation

« State-installed capacity: 8.8 GW (solar),
10.8 GW (wind)

« Committed land by ports for green
hydrogen: 202.34 ha

« Key players: ACME, NGEL, etc.

Hydrogen-Based Industrial Cluster Near
VOC Port

« Refineries: None

e LNG terminal: None

« Fertiliser units: SPIC (0.62 Mt/y)

o Fertiliser Plant ’ Refinery
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The report also provides an overview of global competitiveness of the green hydrogen produced at these
facilities. We benchmark the green ammonia landed costs against those from competitor exporters

in the Indo-Pacific region such as Australia, the Middle East, and North Africa, which also have the
potential for producing green ammonia at competitive prices due to their abundant renewable energy

resources, favourable regulatory environments, and established trade routes.

The study scenarios within each section evaluate the economic viability, infrastructure needs, and
investment requirements across different timelines and scales of development. These scenarios provide
a comprehensive understanding of the potential for Indian ports to evolve into global green hydrogen hubs

catering to both domestic consumption and international trade demands.

Box 1 Comparing green ammonia and methanol

A boundary condition for this study is the focus on green ammonia over methanol. Ammonia and methanol both are

emerging as promising green fuels in the transition to a sustainable energy future. But more attention has been placed

on green ammonia at the moment due to its ease of production compared to methanol. In terms of production, green

ammonia needs a limited array of feedstock, which can be easily procured, while production of methanol requires biogenic

carbon dioxide to make it truly green, making it more difficult and expensive to produce. Methanol, however, is easier to

handle than ammonia due to ammonia's toxicity.

Exhibit 3

Comparison between green ammonia and methanol on technical and handling parameters

Green Ammonia Green Methanol

Production

Scenario

Costs

Advantages

Handling

Constraints

Scalability

Produced using nitrogen and green hydrogen via renewable- Synthesised from green hydrogen and captured CO:2 or
powered Haber-Bosch process biomass, requiring a catalytic conversion process

Costs vary based on the renewable energy used in hydrogen Costs vary based on CO2 source (captured or biogenic) and the
production renewable energy used in hydrogen production

Carbon-free combustion; high energy density; scalable for Carbon-neutral when using captured CO2; liquid at room
shipping and grid-scale energy storage temperature; compatible with existing fuel infrastructure
Toxic and corrosive, and requires stringent storage protocols Easier to handle as a liquid, with lower toxicity and

due to its gaseous form and high vapor pressure flammability compared to ammonia

Safety risks due to toxicity and potential for leaks; requires Dependency on sustainable CO2 sources

significant infrastructure upgrades for adoption

Large-scale production and global shipping networks already Emerging production networks are adaptable to local CO2
exist, though adaptation for fuel use is needed sources and renewable energy availability

RMI graphic. RMI compilation.

Gateway to Green
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This report focuses on green ammonia because none of the six ports being considered plan to handle

green methanol as of today based on primary data collection from port authorities and limited to no publicly
known green methanol project announcements within close proximity of the focus ports (see section titled
Assessing scale of investment, page 40 for more details). If ports are able to access green methanol, it can be

strategic to incorporate this fuel into their future bunkering fuel mix.

Furthermore, the scope of the study goes beyond zero-emission fuel and extends to the prospect of shared
molecule and infrastructure to support the fledgling green hydrogen economy.™ This is also where green
ammonia has an edge, given its synergy with the fertiliser sector and the emergence of international trade
in green hydrogen in the form of green ammonia.

iii. Zero-emission fuels for the maritime sector are energy sources that do not produce greenhouse gas (GHG) emissions during
their production, storage, transportation, or use in ship propulsion. Examples include green hydrogen and derivatives such as
green ammonia, green methanol, and biofuels.
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Harnessing Existing Infrastructure
for the Green Hydrogen Economy

Leveraging existing infrastructure at ports offers a unique opportunity to accelerate the growth of the

hydrogen economy. By repurposing assets such as renewable energy distribution systems, existing ammonia
storage facilities and gas infrastructure like pipelines and LNG import terminals, ports can support initial

green hydrogen projects for the domestic supply and export of green ammonia and other derivatives.

Repurposing gas infrastructure

Gas infrastructure is often strategically located near ports and industrial hubs, making it ideal for
adaptation to hydrogen distribution.® Repurposing existing pipelines, storage facilities, and distribution
networks for hydrogen can reduce the need for entirely new infrastructure, lowering costs and speeding

up hydrogen supply chain development.

However, this transition is more challenging than it may seem. Hydrogen’s unique properties — such as
lower density and the risk of embrittlement” — require significant upgrades to materials, equipment, and

safety systems.** Hydrogen’s higher susceptibility to leaks means that each component of the existing

iv.  Hydrogen embrittlementis a phenomenon where hydrogen atoms diffuse into materials, particularly metals, and compromise
their mechanical properties, leading to cracking or failure under stress. This poses a significant challenge to the widespread
adoption of hydrogen technologies, especially in storage and transportation.
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infrastructure must be thoroughly analysed for technical limitations, including pipeline compatibility,

leakage risks, and the need for enhanced monitoring systems.

In the early stages, hydrogen can be blended with gas in existing pipelines, allowing for gradual
decarbonisation while scaling up infrastructure.®® However, this is dependent on the end use of the blend
due to variations with respect to different end-user industries and the need of a deblending system.* This

phased approach offers a practical path toward a hydrogen-based energy system.

Repurposing India’s gas infrastructure — especially pipelines and LNG terminals — offers a cost-effective
way to connect hydrogen production hubs with demand centres. This approach mirrors efforts like the
European Hydrogen Backbone (EHB), where 33 operators are converting a portion of Europe’s 2,00,000 km
gas pipeline network for hydrogen.*” By 2040, 59% of the EHB’s projected 57,662 km hydrogen network will
come from repurposed pipelines with an estimated total cost of the backbone reaching US$87.3-US$156

billion.*®

In this context, we explore the potential of repurposing India's gas infrastructure with a specific focus on

converting LNG terminals into ammonia export hubs to facilitate the green hydrogen transition.

Pipeline adaptation for green hydrogen uptake

India consumed more than 68,700 million metric standard cubic metres (MMSCM) of natural gas in 2023,
with the fertiliser and gas distribution systems being the largest consumers.* Of this, 46% was primarily
imported from Qatar, the United Arab Emirates, and the United States — at a cost of about *1.37 lakh
crore (USS15 million).* To meet its growing energy demands and pursue the “One Nation, One Gas Grid”
vision, India is expanding its gas pipeline infrastructure.* Currently, over 24,723 km of gas pipelines are
operational, with a capacity of 542 MMSCM per day, and an additional 10,860 km are under construction.*
The target is to extend this network to 34,500 km by 2025.%

Hydrogen can be transported through pipelines in two ways: either blended with natural gas or as pure
hydrogen. Blended hydrogen is suitable for industries like steel and city gas distribution, while sectors

such as fertilisers, refineries, and chemicals require pure hydrogen or ammonia.

While blending of green hydrogen with natural gas (see Box 2, page 27) can be a stop gap option, prioritising
hydrogen-ready natural gas and dedicated hydrogen pipelines can support infrastructure to be in place for

hydrogen distribution while serving for natural gas ecosystem transition.

New pipelines are nearly four times more expensive than repurposed ones, primarily due to material
capital expenditures (capex) (steel), labour, and other construction-related charges, which account
for 70%-80% of transmission pipeline and compressor costs (see Exhibit 4, next page).* Additionally,
securing the right of way for new pipelines can be challenging, especially for smaller networks, making

repurposing pipelines an attractive option.*
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Several factors, including pipeline diameter, pressure, and proximity to urban areas, must be considered
when planning pipeline routes.* There is no one-size-fits-all solution for adapting existing natural gas
pipelines, and decisions must account for end-use requirements, construction, operation, and cost
considerations.*” This will determine whether blending, repurposing for 100% hydrogen, or constructing

new pipelines is the most appropriate solution.

Repurposing is preferred where pipelines are underutilised in terms of transporting capacity or parallel
pipelines exist where established rights of way and pre-approved permits can be leveraged, reducing costs
and speeding up timelines.* However, if repurposing is technically unfeasible or natural gas demand persists,
constructing new hydrogen pipelines alongside existing gas infrastructure can be beneficial. For example,
the EHB, which includes 46% large, 42% medium, and 12% small pipelines,* expects to repurpose 59%

of its network, resulting in a levelised cost of ¥10.26-319.59 (US$0.12-US$0.22) per kg/1,000 km, allowing
hydrogen to be transported cost-efficiently over long distances across Europe.® While the creation of the
backbone similar to the EHB could be pivotal in connecting producers to end-users across India, the strategy
should be followed with its own caveats and extensive analysis must be conducted on the current system

before taking a call on repurposing or building new pipelines for such a backbone.

Exhibit 4 Cost comparison for new and repurposed pipelines

Capex (INR

Pipeline Compression Compression Pipeline and

20” pipelines

36” pipelines

48” pipelines

Gateway to Green

crores/km) capacity (GW capacity Capex (INR Compression Costs
H2, LHV) (MW/1000 km) crores/km) (INR crores/km)

New 16.8 1.2 26 0.9 17.7
Repurposed 5.0 5.9

New 29.9 4.7 93 3.7 33.6
Repurposed 5.9 9.6

New 41.1 16.9 434 15.8 56.9
Repurposed 8.2 24.0

Note: Pipeline capacities are taken at 100% design capacity; 20" and 36” pipelines are assumed to operate at 50 bar while 48”
pipelines operate at 80 bar (common natural gas pipeline configurations in Europe).

RMI graphic. RMI compilation based on International Energy Agency (IEA)*! Source: International Energy Agency (IEA), https://iea.
blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-e8e626al1lc4/GlobalHydrogenReview2022.pdf
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Box 2 Blending hydrogen into the natural gas pipelines

Blending hydrogen into natural gas pipelines is being considered by various stakeholders in India including the state and
national government agencies.*? There are various challenges — uncertainties around hydrogen’s impact on pipeline
materials due to the small size of the hydrogen molecule and natural gas — hydrogen composition balance complicates
the process.>* Ongoing research is crucial to establishing standards for the safe blending of hydrogen in pipelines. Along
with standards, a section-by-section analysis of pipeline infrastructure needs to be undertaken before suggesting/
implementing blending of hydrogen.

Retrofitting components of existing pipelines based on hydrogen blending percentages, as shown in Exhibit 5, next
page, is essential for the utilisation of natural gas infrastructure for blending. While the costs of retrofitting are relatively
minor when compared to repurposing them for 100% hydrogen, certain capital expenditure increments are notable; for
instance, retrofitting gas turbines increases capital expenses by almost 10% while retrofitting compressors would cause
a capital expense increase by 6.5%-11%.>* Additionally, blending hydrogen beyond 20% — with an upper limit of 23.5% —

may create operational challenges considering the variation in gas composition.>

Blending hydrogen also creates downstream issues for end-users. For sectors like fertilisers, refineries, and mobility,
deblending facilities would be required, adding to blending costs of around USS$1.5/kg.*® In the case of urea production,
using a 10% hydrogen blend with natural gas could raise production costs from 3268/kg to ¥300/kg.*” Despite these
technical hurdles, repurposing existing infrastructure remains a faster and more cost-effective option than constructing

new, dedicated hydrogen networks. It also reduces the risk of stranded assets.
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Exhibit 5 Replacement checklist of various parts of existing pipelines according to the potential
hydrogen blending percentages

Element Blending Percentages

0%-2% 2%-5% 5%-10% 10%-20%
Compressor
Valve
Gas filter
Fuel filter
Odouriser
Insulation joint
Volumetric metres
Process gas chromatograph
Gas metres
Gas turbine
Feedstock reformer

Burner

No replacement needed Replacement needed

RMI graphic. Source: RMI compilation based on Petroleum and Natural Gas Regulatory Board (PNGRB)’s study,
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Repurposing LNG import terminals to ammonia export terminals

India currently operates eight LNG receiving terminals in addition to its gas grid, with six located on the
West Coast. These include Petronet’s 17.5 Mt/y terminal in Dahej; 5 Mt/y terminal in Cochin; Shell’s 5.2 Mt/y
terminal in Hazira; the 5 Mt/y Dabhol terminal operated by Ratnagiri Gas and Power (a subsidiary of NTPC);
a 5 Mt/y terminal in Mundra; and the recently commissioned 5 Mt/y terminal at Chhara. On the East Coast,
India has two operational terminals: a 5 Mt/y facility operated by Indian Oil Corp. and a newly launched 5
Mt/y terminal at Dhamra, which is a joint venture between Adani and Total Energies.*® Additional terminals

in Karaikal, Jaigarh, and Jaffrabad are expected to become operational in the near future.

Although these LNG terminals will continue to cater to natural gas demand, there is an opportunity to
repurpose for green hydrogen derivatives like ammonia if needed. Globally, there is growing interest in
converting LNG import terminals for ammonia, especially in Europe, with early stage plans underway in
locations like Fos Tonkin in France and Stade and Wilhelmshaven in Germany.* Although it is a reasonable
proposition, these changes face technical and regulatory challenges, requiring infrastructure upgrades

and approvals.

Globally, over 100 new hydrogen and ammonia terminals and port infrastructure projects are expected
to be operational by the end of the decade, with more than half focused on ammonia exports.®® At least
10 terminals are planned in Australia, with additional projects in Brazil, Egypt, Mauritania, Namibia, and
the United Arab Emirates.®! Retrofitting LNG export terminals into ammonia export hubs is attractive for

countries aiming to shift to green ammonia exports.®

India’s plan for transition is unique with all LNG terminals being import-focused. Retrofitting these
facilities would support the country’s goals of developing the infrastructure for green hydrogen and its

derivatives.

Scenario design

The potential of repurposing natural gas infrastructure to support the green hydrogen transition has been
widely explored, with pipelines and LNG terminals serving as critical components of this infrastructure.®®
The Petroleum and Natural Gas Regulatory Board (PNGRB) has conducted comprehensive studies on the
readiness of natural gas pipelines for hydrogen integration, providing valuable insights referenced in this
report.% However, there remains a significant knowledge gap regarding the techno-economics of retrofitting

LNG terminals to align with and complement the development of new green hydrogen infrastructure.

To estimate the repurposing costs for converting an LNG import terminal into an ammonia export
terminal, we examine two scenarios related to repurposing brownfield assets. Each scenario includes a
case study to highlight potential cost savings and strategies to mitigate the risk of stranded assets through

strategic energy transition planning in India’s economy.
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A. Brownfield: Post-Commissioning: Conversion of an Operational LNG Import Terminal to an
Ammonia Export Terminal
This scenario examines the repurposing of a commissioned LNG import terminal into an ammonia
export terminal, where modifications are made after the initial investment in the LNG facility. In this
scenario, the LNG facility is already operational and has not been planned originally to transition for

ammonia handling.

B. Brownfield: Pre-Commissioning: Conversion of an LNG Import Terminal Under Construction
to an Ammonia Export Terminal
This scenario envisions an LNG terminal that is yet to be commissioned, with its engineering and
design strategically incorporating provisions for future repurposing to handle ammonia. While the
terminal will primarily serve LNG consumers, it is designed with a transition plan in mind, enabling
the potential handling of ammonia in the future. Key components required for this transition are

considered during the initial investment phase.

Assessing the cost of conversion of LNG terminals to ammonia
terminals

Beyond theory, converting an LNG terminal into an ammonia export terminal involves substantial
engineering work. This includes reinforcing storage tanks; repurposing pipelines, pumps, and auxiliary
systems; and implementing stricter safety protocols. Although some existing infrastructure, such as jetties
and berthing facilities, can be reused, specialised equipment — such as compressors and heat exchangers
— will require modifications or replacement. The handling of hydrogen-based fuels is complex, and
ammonia’s high toxicity adds more layers of uncertainty. Stringent safety measures must be putin place,

ensuring the terminal’s safety distances and operational outlays.
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Box 3 Comparative characteristics and chemical differentiation between LNG
and ammonia

LNG and liquid ammonia are both stored and transported at low temperatures. However, they have different characteristics
which affect the storage, safety, and infrastructure requirements, making the repurposing of LNG terminals for ammonia

a complex transition.

Converting an LNG terminal into an ammonia terminal requires a detailed evaluation of the existing infrastructure to
address the distinct characteristics and risks associated with ammonia. For instance, while LNG is flammable and has
explosion risks, ammonia is toxic and corrosive. Therefore, different safety and environmental mitigation measures

are needed.

Storage tanks for LNG may be overdesigned for ammonia’s higher temperature but would need retrofitting with
ammonia-compatible materials to prevent stress corrosion cracking. Pipelines and low-pressure systems, typically
designed for LNG’s lower pressures and non-corrosive properties, must be recalibrated and adapted to work at

ammonia’s higher density and corrosive behaviour.

Critical systems, such as boil-off gas (BOG) management and leak detection, require modifications or complete
replacement. Similarly, spill containment, safety systems, and civil works must be upgraded to account for ammonia’s
environmental hazards and higher load-bearing requirements. Moreover, operational and maintenance efforts increase

with ammonia as it demands frequent inspections to mitigate corrosion risks.

While many components of an LNG terminal, such as storage tanks and pipelines, can be retrofitted, the fundamental
differences between LNG and ammonia require important modifications to ensure safe and efficient operations. Proper
evaluation, analysis, and planning are crucial to control retrofitting costs for operation and safety requirements of liquid

ammonia handling.

Additional details are provided in Appendix A.
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Globally, the cost of typical LNG import terminals ranges between US$185/ton and US$350/ton, while
costs in India are significantly lower, ranging from US$95/ton to US$105/ton.% In contrast, LNG export
terminals are far more cost intensive. These facilities require large-scale liquefaction plants to convert
natural gas into its liquid state by cooling it to -162°C, as well as cryogenic storage tanks capable of holding
large volumes of LNG at extremely low temperatures for extended periods.® Additionally, export terminals
are typically designed to handle large-scale LNG production for global trade, requiring substantial up-front
investment and years of development. As a result, export terminal costs are two to three times higher than
those of import terminals, ranging from US$525/ton to US$625/ton (see Exhibit 6, next page); details are
provided in Appendix A.

A greenfield ammonia export terminal in India would cost around US$470/ton to US$490/ton, 10% to 20%
cheaper than a global LNG export terminal, but nearly three times more expensive than the Indian LNG
import terminals. Since there is a change in process between liquefaction and vapourisation, the core
components for this process such as the condensers and compressors will need to be new, requiring

capital investment, as old components cannot be repurposed.

Repurposing an import LNG terminal into an export ammonia terminal is significantly less capital-intensive
than building a greenfield ammonia terminal. However, repurposing an import terminal is only feasible if

its utilisation rate is significantly low, indicating the absence of a substantial pool of gas consumers.

This cost efficiency is due to the reutilisation of existing infrastructure, as much of the investment in LNG
storage tanks and related facilities is already accounted for. LNG storage tanks, for example, can be adapted
forammonia storage at a fraction of the original capital cost, estimated at around 3% to 5% of the tanks’

initial expense; details are provided in Appendix A.%

However, additional equipment specific to ammonia export, such as liquefaction compressors, condensers,
and specialised jetties, would need to be installed, requiring new capital investments. Furthermore, due to
the distinct properties of LNG and ammonia, key systems like the BOG handling components must be

entirely replaced. Despite these necessary adjustments, components like storage tanks, low-pressure pumps,

and pipelines can be reused to provide significant cost savings.

As illustrated in Exhibit 6 on the next page, the cost of repurposing before the commissioning of the
terminal (Brownfield: pre-commissioning) is lower than post-commissioning repurposing or building a
greenfield terminal. Designing LNG terminals to be “ammonia-ready” from the outset further reduces
costs, as future modifications can be accounted for during the initial design and engineering phases,
eliminating additional civil works; engineering, procurement, and construction (EPC); and related

expenses. This proactive approach optimises long-term cost efficiency and operational flexibility.

Greenfield ammonia terminals of 5 Mt/y capacity costs in the range of ¥20,401-321,209 crores (US$2.4-
US$2.5 billion) while Brownfield: post-commissioning and pre-commissioning LNG terminals, on
repurposing, would cost ~%14,766 crores (USS$1.76 billion) and ~%12,581 crores (US$1.5 billion), respectively,
considering that the LNG terminals remain active for 30 years.
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Exhibit 6 Investment per ton for the construction of ammonia and LNG terminals
under different scenarios

Ammonia export
700 terminals are
10%-21% cheaper
than the LNG export
terminals.

LNG export terminals are
600 2-3 times more expensive

— than import terminals due
to additional processes,
equipment, etc.
—_ 500 Retrofitting LNG import terminals to ammonia
g export terminals incurs 3 times higher cost due to
7 added processes and handing equipment.
[
ol PP PPPP Y
a 400
a
bl
c i I
[0 India reported 63%
£ 300 lower cost than
- the global average. I
g Recent German : :
c terminalis on higher
- end of the global
200 band.
100 l
0
LNG import India LNG LNG export Greenfield Brownfield LNG: Brownfield LNG:
terminal (global) import terminal terminal (global) ammonia terminal  post-commissioning  pre-commissioning
cost (reported) cost ammonia ammonia

RMI graphic. Source: RMI analysis

This cost assessment assumes repurposing the LNG import terminals to ammonia export terminals by 2050,
giving enough time for the green ammonia industry to mature while utilising LNG as an effective energy
carrier. It is more cost-effective to repurpose LNG terminals closer to the end of their operational life to
maximise the value derived from their initial investment. Repurposing at this stage aligns with the system’s
natural life cycle and extends its utility through extensive modifications to key components and equipment.
In the Indian context, the relatively young age of LNG terminals makes immediate repurposing less
favourable. For instance, the oldest LNG terminal in India, the Dahej terminal, was commissioned in 2004

and continues to be critical amid the near-term rise in LNG demand.®®

The analysis shows that repurposing LNG terminals not only facilitates a cost-effective transition to green
hydrogen but also helps avoid stranding of natural gas assets when the decarbonisation of the economy
accelerates. While repurposing an LNG terminal, several factors such as estimated production, demand for
green ammonia in the terminal vicinity, and demand for other derivatives such as methanol, must also be

considered to make an informed decision.
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As India pursues its energy ambitions, including the One Nation, One Gas Grid initiative, and setting a target
to increase the share of natural gas in the energy mix from 6.7% to 15% by 2030, LNG terminals will play a
critical role in meeting the country’s growing natural gas demands.® As the consumption of natural gas is
set to rise, LNG terminals along with greenfield ammonia terminals can be converted to “multi-molecule”
hubs,” capable of handling both ammonia and other substances like CO2 captured from industrial processes
for synthetic fuel production or storage. This model is already gaining traction in Europe, as seen in April
2024, when Enagas initiated plans to convert the Musel LNG terminal into a multi-molecule facility.” The Fos
Tonkin terminalin France, with a capacity of 1.2 Mt/y, is also following a similar model with re-developing

a part of the LNG terminals into a 0.2 Mt/y ammonia import terminal by 2029.™ The simultaneous
development of green ammonia export terminals, alongside retrofitting LNG facilities, will be essential for

future-proofing India’s energy landscape and ensuring a smooth transition to green hydrogen.

Key Insights

v.  Multi-molecule hubs refer to an integrated industrial and logistics centre where the production, storage, distribution, and
utilisation of multiple energy carriers and decarbonised products occur in a synergistic manner. These hubs could be designed
to optimise the supply chain and reduce emissions across various sectors by leveraging shared infrastructure, technologies,
and resources.
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Development

Gateway to Green

Utilising existing ammonia storage and handling capabilities

Port users typically transfer ammonia shipments directly through dedicated pipelines to their respective

storage facilities, either located at production plants or in port-based tanks. From these facilities, ammonia

can be further distributed using barges or road tankers, ensuring efficient transportation to end-users.”

The selected ports are well equipped to handle ammonia operations, except for Mumbai. Exhibit 7

illustrates the ammonia handling specifications and storage capabilities of the ports analysed, highlighting

their readiness to facilitate some early projects with limited volumes.”

Indian ports have begun handling green ammonia, with VOC Port successfully importing 37.4 tons of green

ammonia from Damietta Port in Egypt in September 2023 for Tuticorin Alkali Chemicals.™

Exhibit 7

Variable

Cargo handled
volume (2023)

Primary
managed
commodities

Ammonia
storage facility

Permissible
vessel draft for
ammonia berth

Length overall
(LOA) for
ammonia berth

Land
committed by
ports for green
hydrogen

MMT

Kilotons

Metres

Metres

Hectares

RMI graphic.

Deendayal

1323

Petroleum,
chemicals,
iron, steel,
fertilisers,
andiron
machinery;
handles salt,
textiles, and
grain

223

1618.74

Paradip

145.38

Iron ore,
limestone,
manganese
ore, coal,
large-scale
fertiliser, and
crude oil

14.5

230

None
announced

38.04

Industrial
coal, copper
concentrate,
fertiliser,
timber logs,
iron ore

20

13

226

202.34

Mumbai

67.26

Machinery,
crude and
petroleum

oil, liquid
chemicals,
motor vehicles,
iron and steel,
edible oil

None
announced

Existing ammonia handling parameters at the six focus ports

85.82

Petroleum, oil
and lubricants
(POL),
vegetable

oil, coal, iron
ore, cement,
fertilisers

15

15

330

None
announced

Cochin

36.32

Petroleum
products,
rubber
products,
vegetable

oil, cement,
metallic ores,
machinery

10

9.1

170

None
announced
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Box 4 Ammonia trade in India

Global ammonia demand surpassed 190 Mt in 2023, marking an approximate 4% increase compared to 2022. This growth

was primarily fuelled by increased fertiliser production, supported by stabilizing global natural gas prices.

China leads global ammonia production, contributing to 30% of total output and 45% of related CO2 emissions. Other
significant producers include the United States, the EU, India, Russia, and the Middle East, each accounting for 8%-10%
of global production. Approximately 10% of global ammonia production is traded internationally, while while urea — a
derivative — sees even broader trade, with nearly 30% of its production exported. Major exporters in 2023 include Saudi

Arabia, Canada, Indonesia, and the United States with their exports totalling 5.43 Mt.

The availability of feedstock and energy is critical in determining where ammonia is produced. Regions with access to
low-cost natural gas, such as the United States, the Middle East, and Russia, dominate production through gas-based

methods. Conversely, China relies on its abundant coal reserves, which fuel around 85% of its ammonia production.

It is estimated that India consumes 17-19 Mt/y of ammonia primarily for the fertiliser industry.” Ammonia is already a
widely traded and consumed commodity in India, with imports totalling approximately 2.43 Mt/y primarily from the
Middle East.” India also exports ammonia to various Asian countries such as Sri Lanka and Nepal, with exports totalling
1.41 Mt in 2022.7 The import bill for ammonia amounted to about US$2.16 billion in 2022.

India can offset this by increasing local production using green ammonia and can even become a net exporter. In the
near term, ammonia demand in India is expected to remain tied to fertiliser production. Transitioning to green ammonia
could significantly alleviate the Indian government’s substantial fertiliser subsidy burden. Currently, subsidies are
driven by the reliance on imported LNG, a key input for traditional ammonia production. By adopting green ammonia,
produced using renewable energy, India could reduce its dependency on costly LNG imports. This shift would also
enhance the nation’s energy and food security, aligning with its broader goals of achieving a low-carbon economy and
supporting sustainable agricultural practices. However, in the long term, the demand trajectory will likely shift toward
other sustainable applications, including its use as a marine fuel and as an energy carrier as the world transitions to a

low-carbon future.
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Box 5 Ports supporting access to renewable energy

The Harit Sagar guidelines lay out the goal of increasing the share of renewable energy at India’s ports to over 60% by
2030 and 90% by 2047.” Renewable energy capacity at ports has been steadily expanding, with 140 megawatts (MW) of
generation capacity present currently across the major ports, primarily for their own consumption.”™

VOC, Deendayal, and JNPA are already fully operational on green power, with Deendayal Port generating surplus
renewable energy that can be offered for early small-scale projects. Other ports are investing in assets to increase their
renewable energy consumption as well. For instance, Cochin Port Trust has plans to install a solar power plant with a
capacity of 4,000-5,000 kilowatts peak (kWp). This initiative supports the port’s goal of transitioning to 60% solar power
by 2030.%° Individual terminals are also switching to renewable electricity. For instance, APM Terminal in Mumbai has
switched to 80% renewable consumption with a 10.65 MW captive solar photovoltaic plant under a power purchase
agreement (PPA) with 02 Power.®

Cochin, Deendayal, and JNPA’s status as electricity distribution licensees provides a significant autonomy and advantage
in supporting access to renewable energy for green hydrogen production.®? This licensing allows these ports to co-
develop and operate electrical distribution systems, enabling them to develop critical infrastructure such as substations

and feeders that can handle the large power demands of electrolysis.®

The ability to directly manage energy distribution ensures a reliable and efficient supply of electricity and can potentially
avoid grid bottlenecks. Moreover, being distribution licensees enables these ports to engage in large-scale renewable

energy PPAs which could result in competitive rates, ultimately lowering the cost of green hydrogen production.®

Gateway to Green rmi.org /37


http://rmi-india.org

Gateway to Green

Scaling Up: Investments in New
Infrastructure Development

Repurposing LNG terminals and pipelines offers a cost-effective foundation for initiating early hydrogen
projects. However, given the anticipated scale and rapid growth of the green hydrogen market, repurposed
infrastructure can only serve as a complementary solution. Although leveraging existing infrastructure
helps mitigate the risk of stranded assets, not all LNG terminals can be retrofitted. Moreover, the anticipated
scale of green hydrogen production, nearly 5 Mt/year for exports by 2030, will require significant new
investments, such as the construction of dedicated ammonia export terminals, to establish the necessary

infrastructure.®

When developing new infrastructure, storage plays a pivotal role in supporting domestic production,
consumption, and export objectives. Ammonia, widely traded as a fertiliser feedstock, accounted for
significant import volumes exceeding 2 million tons in 2022. Many ports already house ammonia storage
facilities within their premises; however, these existing capacities are limited and fall short of the

anticipated handling volumes projected by port authorities.

Portside storage plays a crucial role in the investment costs associated with ports transitioning into green
hydrogen hubs, as economies of scale can help reduce the levelised cost of ammonia storage. However larger
storage capacities beyond the optimal volume and usage cycles typically lead to higher lifetime costs.
Though the reduction is marginal, utilising existing ammonia storage can offset some of the expenses by

minimising the need for additional capital investments.

Given that four of the six focus ports have existing ammonia storage, utilising these facilities effectively
could help reduce costs. However, if additional capacity exists but is already in use, it underscores the

need for expanding storage to meet future demands.

Optimising existing and new
ammonia storage requirements at ports
can help reduce costs and minimise
additional capital investments, making
the transition to green hydrogen hubs
more efficient.
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Scenario Design

The scale of green hydrogen production and development at different ports may vary depending on the
commitments made by developers and the efforts of state governments. To account for the uncertainty in
these varying visions, this study explores three key scenarios — conservative, moderate, and high ambitions

(see Exhibit 8, next page) — to assess the potential outcomes in a changing ecosystem.

The target volumes for ammonia handling directly affect the levelised costs of green hydrogen and its
derivatives, as larger volumes typically lead to economies of scale, which reduce costs per unit over the
infrastructure’s lifetime. These handling goals also influence the total lifetime costs of infrastructure and
play a key role in determining the port’s long-term strategy for exporting green fuels and decarbonising its

bunkering fuel supply.

1. Conservative ambitions
Ports with conservative ambitions might aim for lower volumes of ammonia handling, which allows for
a gradual entry into the green fuel market. With smaller initial investments in infrastructure, these
ports can focus on building foundational capabilities, such as small-scale ammonia storage and transport
facilities. By doing so, they mitigate financial risk while gaining valuable operational experience.
Additionally, such ports can benefit from international knowledge-sharing partnerships, learning from
more advanced green fuel hubs without committing to large, up-front investments. This approach allows

the port to stay flexible and scale up later based on demand growth and technology advancements.

2. Moderate ambitions
Ports with moderate ambitions would aim for medium-scale infrastructure investments, positioning
themselves as important players in India’s green hydrogen economy. These ports can balance risk and
opportunity by scaling infrastructure just enough to support meaningful exports while fostering
international cooperation through technology transfer agreements. By doing so, they can contribute
to building India’s reputation as a critical green hydrogen producer, exporting green ammonia and other
fuels to regions like Europe and other parts of Asia. Moderate-scale ports can also provide an essential
supply of green fuels for domestic industries while laying the groundwork for future expansion as

global demand for hydrogen increases.

3. High ambitions
Ports with high ambitions would pursue large-scale investments, aiming to become leaders in the global
hydrogen economy. This would involve constructing extensive ammonia storage, transport, and
export facilities, allowing the port to handle substantial volumes of green hydrogen and its derivatives.
In this scenario, the port can benefit from significant economies of scale, driving down costs per unit
and making green hydrogen more competitive in the global market. Additionally, these ports can
adopt demand-generation strategies, such as establishing green corridors with major international
markets in Europe and East Asia. By creating these trade routes, they can secure consistent demand

for green fuels, thus maximising the utilisation of their infrastructure.
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Furthermore, such ports can explore synergies between bunkering and exporting green fuels,
allowing them to diversify revenue streams and strengthen their position as critical nodes in the

global hydrogen supply chain.

To develop scenarios aligned with the outlined storylines, primary data was gathered from respective

port authorities. This data encompassed existing bunkering volumes, anticipated bunkering demand,

and projected export volumes of hydrogen, ammonia, and methanol. The reported figures from the ports
are treated as representing high-ambition scenarios. For medium and conservative scenarios, the target
volumes were scaled down to 50% and 20% of the projected volumes, respectively. Given the inherent
uncertainty surrounding the expected handling capacities of ports, this scenario-building approach
mitigates uncertainty by evaluating all three distinct ambition levels, providing a structured framework for

each port authority’s planning and decision-making processes.

Exhibit 8 Projected ammonia handling for the six focus ports across three
ambition scenarios based on announced green ammonia projects within
the ports’ state

Port/scenarios Conservative Ambition Medium Ambition High Ambition

Deendayal 0.2 0.6 1.2
vocC 0.4 1.0 2.0
Paradip 0.3 0.7 1.4
Cochin 0.4 1.0 2.0
Mumbai and JNPA 0.3 0.8 1.6

Note: High, medium, and conservative ambitions assume 100%, 50%, and 20% of the state’s green ammonia capacity is handled by
the port, respectively. RMI graphic.

Assessing scale of investment

Determining the ideal size for portside storage is essential for managing costs effectively. Exhibit 9 on the
next page illustrates the significant decrease in levelised cost of storage as capacity increases up to the
1.0-1.5 Mt/y range, after which the cost reduction becomes more gradual as the impact of economies of
scale becomes marginal beyond optimal buildout threshold. The cost decline is more rapid when moving

from ranges close to 250-500 kilotons/year (kt/y) as seen with Deendayal and Paradip ports.
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Exhibit 9 Levelised cost of portside storage by volume at the six focus ports

45

40

40

35

30

25

20

Levelised cost of portside storage, US$/t VLSFOe

15 13
12
10
5
0
0.25-0.50 Mt/y 0.50-1 Mt/y 1-1.50 Mt/y 1.5-2 Mt/y

. Deendayal

. JNPA/Mumbai

. Cochin . Paradip VoC

Note: VLSFOe = Very low sulphur fuel oil equivalent. RMI graphic. Source: RMI analysis

Although variable operating expenditures, such as electricity, increase proportionally with size, the
economies of scale and extra revenue from utilising the tank result in a net lower levelised cost, assuming
a constant tank utilisation rate. Therefore, carefully sizing the storage facilities based on projected local
production levels to maximise tank utilisation and revenue while ensuring sufficient storage capacity
becomes critical for ports. This approach not only supports cost-effectiveness but also enhances the overall

efficiency of the port’s role in the hydrogen and ammonia supply chain."

vii. Tank utilisation reflects the quantity of ammonia stored compared to the facility’s total capacity. This is important for
planning, as underutilisation could indicate inefficiency, while overutilisation might lead to risks like capacity constraints.
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Although some consistent trends can be observed across ports such as optimised storage sizing ranging
around 1-5 Mt/year and levelised costs declining with initial scaling until the threshold is reached, distinct
variations exist that reflect each port’s unique circumstances. These differences primarily stem from the
specific capital expenditure requirements and levelised costs associated with the volume goals set by each
port (see Exhibit 8, page 40), which are influenced by anticipated project announcements and resulting
demand for ammonia in domestic and global markets, as reported by the port authorities during primary

data collection.

The existing storage at ports can enhance the effectiveness of their future expansion plans. By leveraging
the current infrastructure, these ports can optimise their storage capabilities without incurring the full costs
associated with constructing new facilities. This strategic advantage allows them to respond more flexibly

to market demands and integrate their operations with ongoing green hydrogen and ammonia initiatives.

To better analyse the cost economics and storage requirements across different ports, we categorised

them into two groups:

Ports focusing primarily on greenfield investments, and

2. Ports with some existing storage complementing new investments.

« Ports focusing primarily on greenfield investments

This category includes ports that lack or have minimal existing ammonia storage capacity and hence
require substantial up-front capital to develop new storage facilities and associated infrastructure.
Although these investments can lead to state-of-the-art facilities designed specifically for green

hydrogen and ammonia, they also come with higher initial costs and longer timelines for completion.
Deendayal and Paradip ports are considered in this category.

Ensuring adequate volume handling is critical for greenfield investments, particularly until reaching
the demand threshold of 1.0-1.5 Mt/year of ammonia, as illustrated in Exhibit 9 on the previous page.
While many ports may develop their infrastructure incrementally, greenfield projects typically involve

higher up-front costs.

To optimise costs, ports undertaking greenfield investments must carefully size their equipment

to accommodate potential scale-up operations and maintain higher utilisation rates. Achieving an
initial build-out close to the 1.0-1.5 Mt/y threshold is vital for leveraging economies of scale, enabling
revenue generation that offsets the high initial capital expenditure. This can be observed in Exhibit 10
on page 44, highlighting that the increasing storage capacity significantly reduces the levelised cost

of storage. For example, doubling storage volumes — from 229 to 573 kt/y at Deendayal Port or 270 to
675 kt/y at Paradip port — halves the levelised cost. This reduction occurs because capital expenditure

remains constant for similarly sized ammonia tanks, while increased utilisation rates drive down costs.
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With a nearly 150% increase in handling volumes at both Deendayal and Paradip ports, the required
lifetime costs (capital expenditures + operating expenditures) rise by 12% and 22%, respectively,
reflecting differences in the absolute volumes handled by the ports. However, the reduction in the
levelised cost of storage — exceeding 50% at both ports — far outweighs the increase in capital

investment. Notably, this trend reverses if the volume expansion exceeds the threshold.

The analysis further demonstrated that for volumes below 1 Mt/year, capital expenditure for ammonia
tanks remains fixed at approximately US$32 million, whereas operational expenditure rises
incrementally with size, amounting to 45% and 71% increase in Deendayal and Paradip, respectively.
However, the increased operational costs are offset by higher revenues from greater utilisation,
resulting in a significant decrease in levelised costs. This underscores the importance of maintaining

high utilisation rates for storage facilities to achieve cost efficiency.

Ports with limited existing infrastructure face higher up-front capital costs and greater investment
risks. To mitigate these risks, it is essential to align the infrastructure build-out with parallel demand
generation efforts. By fostering sufficient demand, ports can reduce risks and levelised costs through
economies of scale and optimised utilisation. Initiatives such as green corridors can serve as a catalyst

for demand creation, driving early adoption of green fuel-related port infrastructure.

Finally, as ammonia volumes increase, both operational and capital expenditures will rise, emphasising
the need for robust infrastructure planning. Strategic demand aggregation and infrastructure
scalability are critical to ensuring that ports can meet growing demand while maintaining financial

and operational efficiency.
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Exhibit 10

Storage requirements, levelised storage, and investment requirements

for Deendayal and Paradip ports

A. Deendayal

Levelised portside storage cost from varying
ammonia handling volumes (US$/mt VLSFOe)

Higher fuel Lower.fuel
handling volume handling
40 volume

18
14

229 kt/y (20%)

1.15 Mt/y (100%) 573 kt/y (50%)

Ammonia volume handled by Deendayal
(% of port's 2030 anticipated green ammonia handling volume)

. Portside storage

Impact on total lifetime portside storage cost from
varying ammonia handling volumes (US$ million)

Higher fuel handling Lower fuel handling

volume volume
7\
48
43

1.15 Mt/y (100%) 573 kt/y (50%) 229 kt/y ammonia

Ammonia volume handled by Deendayal
(% of port's 2030 anticipated green ammonia handling volume)

. Opex . Capex

Note: The 1.15 Mt/y demand scenario will require two 10,000-ton ammonia tanks, and the other two smaller demand scenarios
of 573 and 229 kt/y ammonia will require two 5,000-ton ammonia tanks. This assumes a tank lifetime of 30 years.

B. Paradip

Levelised portside storage cost from varying
ammonia handling volumes, US$/mt VLSFOe

Higher fuel Lowel:fuel
handling volume handling volume

=

17
14

1.35 Mt/y (100%) 675 kt/y (50%)

270 kt/y (20%)

Ammonia volume handled by Paradip
(% of port’s 2030 ammonia goal that is met)

. Portside storage

Impact on total lifetime portside storage cost from

varying ammonia handling volumes, US$ million

Lower fuel

Higher fuel
handling volume

handling volume

92

1.35 Mt/y (100%) 657 kt/y (50%) 270 kt/y (20%)

Ammonia volume handled by Paradip
(% of port’s 2030 ammonia goal that is met)

. Opex . Capex

Note: The 1.35 Mt/y demand scenario will require two 10,000-ton ammonia tanks, and the other two smaller demand scenarios
of 675 and 270 kt/y ammonia will require two 5,000-ton ammonia tanks. This assumes a tank lifetime of 30 years.

RMI graphic. Source: RMI analysis
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Ports with some existing storage complementing new investments

This group encompasses ports like Cochin, VOC, and JNPA, which already have operational storage
units that can be upgraded or repurposed to support new projects. Due to the challenge of attributing
projects individually to each port and distinguishing volumes between JNPA and Mumbai — given their
proximity and location within the same state — these ports are analysed collectively. However, this
assumption serves merely as a preliminary approach to conducting the analysis. A more detailed

mapping and in-depth analysis of these individual ports are necessary to provide comprehensive insights.

Ports with existing storages benefit from lower capital expenditures because they can utilise existing
infrastructure, thereby accelerating the timeline for meeting storage capacity needs and reducing
overall investment risks. However, this comes with the caveat that the existing storage must be available
for transition, either entirely or in the form of blended green ammonia volumes. If existing storage is

unavailable for use, the ports will need to pursue new build-outs to meet the expected demand.

Ports considering utilising existing infrastructure will minimally benefit from economies of scale and
utilisation maximisation. Therefore, ports with existing infrastructure may have more ability to
gradually enter the green fuel market. By doing so, they can minimise financial risk while still building

operational experience and ramping up green fuel demand generation.

As seen in Exhibit 11 on the next page when existing infrastructure is present, scaling up storage
results in almost the same levelised costs between all sizing scenarios for both ports. Therefore,
ports should size the scale of their infrastructure according to their expected scale of operations and

maintain adequate utilisation rates to take advantage of the economies of scale.

Utilising existing ammonia storage capacity could help reduce the excess investment requirement,
primarily the capital expenditures required to cater to the volume. Operational expenses remain
constant over utilising existing storage and building only new storage infrastructure for any specific
storage scenario, while the capital expenses reduce due to the fact that existing infrastructure can
be used to add capacity. Operational expenses are also more significant at lower storage capacities
relative to capital expenses (US$4 million in capital expenses versus approximately US$13 and USS$16
million in operational expenses for VOC and Cochin, respectively) due to the presence of existing

storage reducing capital expense costs for additional build-outs.

When utilising existing infrastructure and complementing it with additional infrastructure to meet
demand volumes, lifetime costs for portside storage are approximately 47% lower than that of new
investment cases across all storage scenarios in the three ports considered. Fall in capital expenses
is more drastic during lower storage capacities as existing infrastructure usually accounts for most of
the storage and less investment is needed for additional infrastructure. In the case of JNPA/Mumbai,
due to the presence of an existing 15 kt storage facility, there would be no additional infrastructure

needed for the 314 kt/y scenario.
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Capital expenses while utilising existing storage is almost halved for VOC and Cochin in case of higher

volumes of storage. In the case of JNPA/Mumbai, the drop in capital expenses is almost three times, as

JNPA has a higher existing storage volume of 15 kt and has a potentially lesser storage sizing of 1.57 Mt/y.

If a port wants to maximise molecule transfer and establish itself in the global fuel market, it can scale

operations accordingly. Initial capital expenditure is high for larger storage scenarios such as 2 Mt/y,

when compared to lower storage scenarios as the importance of existing storage decreases. These

high capital expenditures will be offset over time assuming the infrastructure is utilised appropriately

and, therefore, revenue is generated over the infrastructure lifetime.

Exhibit 11 Storage requirement, levelised storage, and investment requirements
for VOC, Cochin, JNPA, and Mumbai ports

A. VOC

Levelised portside storage cost from varying
ammonia handling volumes (US$/mt VLSFOe)

Higher fuel Lower_fuel
handling volume handling volume

25

2 Mt/y (100%) 1 Mt/y (50%) 400 kt/y (20%)

Ammonia volume handled by VOC
(% of port’s 2030 anticipated green ammonia handling volume)

New infrastructure: portside storage (assuming no existing
infrastructure exists)

. Existing infrastructure + additional portside storage

Impact on total lifetime portside storage cost from
varying ammonia handling volumes (US$ million)

Higher fuel handling Lower fuel
volume handling volume
114

2 Mt/y (100%) 1 Mt/y (50%) 400 kt/y (20%)

Ammonia volume handled by VOC
(% of port’s 2030 anticipated green ammonia handling volume)

New infrastructure: portside storage (assuming no existing
infrastructure exists)

. Opex . Capex

Existing infrastructure + additional portside storage

. Opex . Capex

Note: The 2 Mt/y scenario requires two 15,000-ton ammonia tanks, whereas the 1 Mt/y and 400 kt/y scenarios require two 10,000-
ton and two 5,000-ton tanks, respectively. Existing infrastructure includes a 10,000-ton ammonia tank. With existing infrastructure,
only one additional 15,000-ton tank is needed for the 2 Mt/y scenario and one additional 5,000-ton tank for the

1 Mt/y scenario. No additional tank is needed for the 400 kt/y scenario. This assumes a tank lifetime of 30 years.
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B. Cochin

Levelised portside storage cost from varying
ammonia handling volumes (US$/mt VLSFOe)

Higher fuel Lower fuel handling
handling volume volume
26

Impact on total lifetime portside storage cost from
varying ammonia handling volumes (US$ million)

Higher fuel handling Lower fuel
volume handling volume
128

2.05 Mt/y (100%) 1.02 Mt/y (50%) 409 kt/y (20%)

Ammonia volume handled by Cochin
(% of port’s 2030 anticipated green ammonia handling volume)

New infrastructure: portside storage (assuming no existing
infrastructure exists)

. Existing infrastructure + additional portside storage

2 Mt/y (100%) 1 Mt/y (50%) 409 kt/y (20%)

Ammonia volume handled by Cochin
(% of port’s 2030 anticipated green ammonia handling volume)

New infrastructure: portside storage (assuming no existing
infrastructure exists)

. Opex . Capex

Existing infrastructure + additional portside storage

. Opex . Capex

Note: The 2.05 Mt/y scenario requires two 15,000-ton ammonia tanks, whereas the 1.02 Mt/y and 409 kt/y scenarios require two
10,000-ton and two 5,000-ton tanks, respectively. Existing infrastructure includes a 10,000-ton ammonia tank. With existing
infrastructure, only one additional 15,000-ton tank is needed for the 2.05 Mt/y scenario and one additional 5,000-ton tank is needed
forthe 1.02 Mt/y scenario. No additional tank is needed for the 409 kt/y scenario. This assumes a tank lifetime of 30 years.

Gateway to Green

rmi.org /47


http://rmi-india.org

Gateway to Green

C. JNPA and Mumbai

Levelised portside storage cost from varying Impact on total lifetime portside storage cost from
ammonia handling volumes (US$/mt VLSFOe) varying ammonia handling volumes (US$ million)
Higher fuel handling Lower fuel
Higher fuel Lower fuel volume handling volume
handling volume handling volume
31 89

12
4
1.57 Mt/y (100%) 785 kt/y (50%) 314 kt/y (20%) 1.57 Mt/y (100%) 785 kt/y (50%) 314 kt/y (20%)
Ammonia volume handled by JNPA and Mumbai Ammonia volume handled by JNPA and Mumbai
(% of port’s 2030 anticipated green ammonia handling volume) (% of port’s 2030 anticipated green ammonia handling volume)
.Niw Tfraitructu.ret: S)ort5|de Sl A U New infrastructure: portside storage (assuming no existing
I ERATSEIE SR infrastructure exists)

. Opex . Capex

. Existing infrastructure + additional portside storage

Existing infrastructure + additional portside storage

. Opex . Capex

Note: The 1.57 Mt/y demand scenario will require two 10,000-ton ammonia tanks, and the other two smaller demand scenarios of
785 kt/y and 314 kt/y ammonia will require two 5,000-ton ammonia tanks. Existing infrastructure includes a 15,000-ton ammonia
tank. With existing infrastructure, only one additional 5,000-ton tank is needed for the 1.57 Mt/y. No additional tank is needed for
the 785 kt/y scenario and 314 kt/y scenario. This assumes a tank lifetime of 30 years.
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Opportunity Sizing: Competitiveness
at International Bunkering Hubs

The infrastructure and investments required to capitalise on the green hydrogen opportunity extend far
beyond physical assets. Achieving a strong return on investment depends not only on the capacity to
produce green hydrogen and its derivatives, such as ammonia, but also on ensuring their competitiveness
in global markets. For ports to play a successful role in the global green fuel trade, the production costs
of green ammonia, the primary traded derivative of green hydrogen, must be carefully managed. Equally
important is the ammonia’s landed cost — the total cost incurred to transport and deliver the product to

international bunkering hubs — where it competes with ammonia from other export-driven nations.

India’s ports have the potential
to be key players in the global green
ammonia trade, leveraging low-cost
renewable energy and strategic location
to supply major bunkering hubs in Asia
and Europe competitively.

To ensure that the green ammonia produced at Indian ports is both domestically and internationally
competitive, this study evaluates its landed cost at key global bunkering hubs. Competitiveness at hubs in
Japan, Singapore, and South Korea — important bunkering centres in East Asia — is essential for eastern
Indian ports, as these hubs serve as major refuelling and trade points for shipping routes in the Pacific.
Similarly, for western Indian ports, ensuring a competitive landed cost at hubs in Belgium, Germany, and
the Netherlands is key, as these ports are critical to the European hydrogen economy and form part of the

major North Sea hydrogen trade route.

As the global maritime industry pivots toward sustainable energy solutions, green ammonia is emerging

as one of the crucial fuels in this transition, especially within international bunkering hubs.

This section explores opportunity sizing for Indian ports aiming to capitalise on green ammonia production,
assessing their competitiveness in supplying this vital fuel to bunkering hubs in Europe and Asia,
particularly in comparison to key exporters like Australia, Egypt, and Namibia. By examining two essential
factors — ammonia production costs and landed costs of the produced ammonia at international demand
centres, as well as the ability to meet volume demand — this section seeks to provide a comprehensive
analysis of how Indian ports can leverage their distinctive advantages to tap into the growing market

for zero-emission fuels, including green ammonia, in the shipping sector. In doing so, it aims to highlight

pathways for positioning Indian ports as leading players in the international energy landscape.
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Green ammonia production costs at ports

The five case studies in this section utilise a combination of modelling and insights provided by the ports.
Although extensive efforts were made to ensure the accuracy of the modelling, including validation from
industry experts, the levelised fuel costs presented should not be interpreted as definitive forecasts or
projections. Moreover, these figures are not endorsed by the case study ports. The costs are based on
various assumptions, particularly regarding real-world demand for green ammonia, which remains highly

uncertain.

India holds a strategic maritime position for green hydrogen hubs and has an attractive low-cost renewable
potential — comparable to some of the globally recognised green hydrogen hot spots such as Australia and
Namibia. For the five case studies in comparison, the levelised cost of ammonia (LCOA) ranges from
US$1,048/ton to US$2,048/ton without any state-issued subsidies. In states such as Maharashtra and Odisha,
where tax exemptions, capital expense subsidies, and waiving of certain electricity charges have been
announced for green hydrogen projects, the LCOA is US$764/ton-USS$1,255/ton. The volumes of production

considered in this analysis were the projected 2030 volumes as there is no current production.

The impact of capital subsidy and electricity cost waivers are significant. Although not all states

have announced subsidies, those announced in states like Odisha and Uttar Pradesh, help accelerate
deployment of green hydrogen projects. The impact of these subsidies is even clearer when compared
with the projected production costs in 2030. According to RMI analysis, LCOA for production without
subsidies in Maharashtra, Tamil Nadu, and Odisha in 2030 will be, on average, US$1,022/ton, US$911/ton,
and US$1,100/ton, respectively. As expected in 2030, the decreased costs of production are attributable to
economies of scale, lower renewable production costs, and lower cost of equipment such as electrolysers.
After this decrease, the LCOA is comparable to the current subsidised costs of US$1,013/ton, US$1,099/ton,
and US$876/ton for Maharashtra, Tamil Nadu, and Odisha, respectively.

Landed costs of ammonia at European and Asian bunkering hubs

With the global demand for green ammonia projected to rise due to its increased adoption across various
sectors, major demand centres such as East Asia, the EU, and Singapore will require imports to meet their
needs. India’s abundant renewable energy resources and expanding green hydrogen capacity position it
to produce green ammonia at competitive costs. As these regions pursue sustainable solutions to achieve
their decarbonisation goals, India’s strategic advantages and commitment to clean energy make it a

promising partner in the global green ammonia supply chain.
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Exhibit 12 Landed costs of ammonia at various international bunkering hubs
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The analysis focuses on six Indian ports — two on the East Coast and four on the West Coast, as illustrated
in Exhibit 12. Due to their proximity, landed costs for Asian markets are lower. Ports like Deendayal and

VOC benefit from low-cost renewable energy capacity, enabling them to meet demand from both eastern
and western markets. However, production costs may fluctuate based on the implementation and extent

of subsidies, providing states with the opportunity to further reduce landed costs.
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« Eastern ports catering to the East Asian market
East Asia, particularly Japan, Singapore, and South Korea, presents a natural target market for green
ammonia production on India’s East Coast due to its proximity. Japan and South Korea have set
ambitious import targets for green ammonia as part of their decarbonisation strategies and are also
positioned to develop green ammonia bunkering given their significant marine traffic. Japan and South
Korea have integrated ammonia into their power generation plans, while Singapore aims to establish
itself as a green ammonia bunkering hub, leveraging its status as the world’s busiest transshipment
hub and largest bunkering port.® The anticipated production volumes from ports like VOC and
Paradip are well suited to meet the demands of these nations, as illustrated in Exhibit 13.

Exhibit 13 Anticipated production volumes at VOC and Paradip ports compared
with expected 2030 demand in three Asian markets

2.5
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o 1.5
c
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= 1.0
=
0.5 0.4
0
vocC Paradip Japan South Korea Singapore
. Demand from entire country Anticipated production volumes based on project announced

. Export production goal . Demand from maritime sector

Note: Japan’s total import H2 volume is based on its 3 million tons/year 2030 demand goal multiplied by an assumed 70% for the
import amount. South Korea’s total import H2 volume is from a 2021 S&P Global article based on information from Japan’s Ministry
of Trade, Industry and Energy. No information was found on Singapore’s total H2 demand or imported H2 volume by 2030. The
value shown on the graph is from an RMI analysis estimating Singapore’s demand for green ammonia for the maritime sector.

RMI graphic. Source: RMI analysis
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1,996

Exhibit14  Total delivered cost of green ammonia imported to Singapore

(USS$/ton VLSFOe)
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Production near H2Global auction { Production near Production near Production near Production near
voc 2024 winning bid Paradip vocC Pilbara, Australia Suez Canal, Egypt

.
.
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. Fuel storage . Transportation . Portinfrastructure

n . Hydrogen feedstock

Note: Numbers in bold indicate post-subsidised production costs based on the announced subsidies. H2Global auction 2024
winning bid is added for comparison. This fuel will be going to Europe and not Singapore.
RMI graphic. Source: RMI analysis

The Port of Singapore is the focus of this analysis. In 2024, Singapore successfully conducted its first
bunkering trial using ammonia as a maritime fuel and is expected to commence commercial bunkering by
2026.5” As shown in Exhibit 12, production at India’s East Coast ports is competitive for delivery to Singapore
in comparison to other production hubs, such as Egypt and Australia. Production in the vicinity of VOC and
Paradip are cheaper, when subsidised, than the winning bid in the H2Global auction in 2024.% While overall
production costs in 2030 at Pilbara, Australia, is the lowest due to the Hydrogen Production Tax Incentive
introduced in May 2024, Indian-produced ammonia can be economically comparable if subsidised.®
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o Western ports catering to the European market

For the western ports of Deendayal, JNPA/Mumbai, and Cochin, a promising market to explore is the EU,
which has a goal of importing 10 Mt of green hydrogen by 2030.%° India is well positioned to meet a
portion of this demand. EU member states are making significant strides in developing infrastructure
for green ammonia imports. The Brunsbiittel Terminal in Germany opened in October 2024, targeting
an import capacity of approximately 3 Mt/y of green ammonia by 2030. Additionally, an import
terminalis planned in Hamburg, Germany. Other EU member states are also advancing initiatives, with
terminals for green ammonia planned at the ports of Rotterdam and Vlissingen in the Netherlands, as

well as at the Port of Antwerp-Bruges in Belgium.

Exhibit 15 Anticipated production volumes at Cochin, Deendayal, and JNPA/
Mumbai compared with expected demand by centres in the EU — the
Netherlands, Belgium, and Germany

Cochin Deendayal JNPA/Mumbai The Netherlands Belgium Germany

. Demand from entire country . Anticipated production volumes based on project announced

. Export production goal
Note: The Netherland’s imported H,e. volume is based on a projected ammonia 2030 import volume from the Institute for
Sustainable Process Technology’s 2024 report. Germany’s imported H2 volume is based on the average of the H2 import volume

range according to Clean Energy Wire’s 2023 factsheet on Germany’s National Hydrogen Strategy. Belgium’s imported H2 volume is
from Belgium’s Vision and Strategy Hydrogen 2022 report. RMI graphic. Source: RMI analysis
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This analysis focuses on the Port of Rotterdam due to its status as Europe’s largest port. India is
strategically positioned to export green ammonia to Rotterdam, benefiting from lower production costs
than other green hydrogen-exporting nations such as Egypt and Namibia. While abundant and low-

cost renewable resources are key, lower production costs are also achievable due to better financial
parameters such as weighted average cost of capital (WACC) creating a lower financial risk in comparison
to the other green hydrogen-producing nations in the analysis. Additionally, the impact of subsidies is
evident, as the production costs at JNPA and Mumbai in 2024 align with the expected costs for 2030, as
illustrated in Exhibit 16.

Exhibit16  Total delivered cost of green ammonia imported to Rotterdam
(US$/ton VLSFOe)

2024 Delivered Costs 2030 Delivered Costs

Production Production Production H2Global Production Production Production Production Production
in Cochin in Deendayal in JNPA/ auction 2024 in Cochin in JNPA/ in Deendayal in Luderitz, near Suez
Mumbai winning bid Mumbai Namibia Canal

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

. Transportation . Port infrastructure

Subsidy . Fuel storage

. Fuel production . Hydrogen feedstock

Note: Numbers in bold indicate post-subsidised production costs based on the announced subsidies.
RMI graphic. Source: RMI analysis
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When subsidised, production near JNPA/Mumbai is comparable to the winning bid in the H2Global auction
announced in 2024.°* This shows the impact of capital and operational expense subsidies in making costs
globally competitive. Although the 2030 analysis shows that costs are competitive with major production
hubs, they can be further reduced if policy support persists. Countries must also prioritise finding the
best scenario for procuring low-cost renewable energy to lower production costs of green hydrogen.
Additionalinitiatives, such as concessional funding, loan guarantees, and incentive programs like grants,
can also contribute to lowering costs. Although exporting green ammonia to projected demand centres

is promising, it is essential to also prioritise domestic use cases to capitalise on the benefits of reduced

transportation costs.

Key Insights
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Recommendations for
Accelerating Development of Ports
into Green Hydrogen Hubs

Ports, as catalysts for the green
hydrogen transition, must prioritise
strategic infrastructure upgrades and forge
global partnerships. Empowered with
enhanced capabilities and investment allure,
they are poised to shape vibrant green
hydrogen ecosystems, driving innovation
and economic growth opportunities.

To unlock the potential of ports as green hydrogen hubs, it is essential to focus on strategic infrastructure
enhancements and fostering global partnerships. As outlined in the preceding analysis, ports are uniquely
positioned to drive the green hydrogen transition due to their capacity to integrate multiple roles — from
production and storage to distribution and demand facilitation. However, to realise this vision, ports must
be equipped with the necessary infrastructure upgrades, while simultaneously engaging in international
collaboration to leverage advanced technologies, create stable demand, and attract investments. Ports
can play a pivotal role in developing green hydrogen ecosystems by implementing essential steps to

establish themselves as key hubs in this emerging energy landscape.

Based on the insights from the techno-economics of green hydrogen/ammonia projects at ports
including the infrastructure and investment sizing for new and existing infrastructure, the following five

key recommendations can enable the transition of ports to green hydrogen and derivatives hubs.

Facilitate land availabiliy

Ensure that sufficient land parcels in and around ports are available and accessible for green hydrogen

projects and related industrial and infrastructure development.

To successfully establish ports as hubs for green hydrogen, ensuring the availability of land for producers,
consumers, and infrastructure providers is crucial. In India, state governments are leasing government-
owned land to industries at affordable rates. For instance, Gujarat is offering 40-year leases at 315,000/

hectare with incremental increases.”
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Ports, primarily Deendayal, Paradip, and VOC, have committed more than 4,500 acres (1,821 hectares) to
more than 19 developers expressing interest in developing green hydrogen complexes.® With initial steps

already underway, focus could be shifted onto the following:

Establish long-term leasing programmes
= Implement state-supported long-term leasing programmes like Gujarat’s model of 40-
year leases at competitive rates,* to attract green hydrogen developers and create stable

investment conditions for infrastructure.

Designate land for end-use industries

% Set aside dedicated land parcels for industrial units that consume or facilitate green
hydrogen, such as fertiliser plants, steel mills, refineries, and transport hubs. This supports
the development of an integrated green hydrogen ecosystem, which is essential for long-

term market stability.

f % Create a tiered land allocation strategy
\J Develop a tiered strategy for land allocation that prioritises green hydrogen production
facilities, end-user industries, and related facilitators." This ensures that critical areas of

the green hydrogen ecosystem receive sufficient space and infrastructure support.

Map and facilitate demand creation

Map and facilitate demand for green hydrogen and its derivatives domestically (within and around the port)

and internationally to drive the initial offtake and market creation.

Effective demand aggregation is essential for planning green hydrogen infrastructure as it provides the
data necessary to size equipment accurately and gauge the need for various components. Conducting a
detailed assessment of potential demand volumes and identifying where the product will be utilised are
critical first steps. This process also aids in developing a timeline for infrastructure advancements and
enables strategic decisions on repurposing existing infrastructure for integration into the green hydrogen

supply chain.

Conduct a demand mapping analysis
Q Perform a comprehensive demand mapping exercise to estimate green hydrogen volumes

and identify usage sectors to inform infrastructure sizing and requirements.

viii. Atiered land allocation strategy is a structured framework for allocating port land based on priority tiers to optimise
utilisation, address diverse needs, and align with strategic goals. This approach helps ports balance operational demands,
infrastructure development, and long-term planning.
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QO Create global demand generation opportunities

Following demand mapping analysis, initiate demand mapping measures to strengthen

... production capacity. Target partnerships with international import ports, such as those
in Europe and the Far East, for hydrogen trade agreements or green corridor initiatives.
International collaboration with other ports can also help with connecting producers
and potential demand centres. In 2022, the government of Queensland entered into a
partnership with the Port of Rotterdam to establish an ammonia supply chain, facilitating

the movement of clean energy from Australia to the EU.%®

Facilitate local demand creation
@ In addition to export-oriented projects, foster local demand for green hydrogen by

supporting a green hydrogen ecosystem near the port. Work with industrial stakeholders
to co-locate projects with green hydrogen production facilities, offering land-based and

infrastructural support.

Invest in backbone infrastructure development

Establish dedicated CUI, such intra-port pipelines, storage units, electricity transmission and distribution,
and water and CO:2 pipelines, to ensure that the port infrastructure is ready to support exports and

domestic markets.

To develop effective CUI as part of their transition to green hydrogen hubs, ports should focus on the

following key actions:

Establish a hub-based CUI model

Design CUI based on projected demand and production, creating a shared infrastructure
hub that supports increased production volumes while catering to local offtake needs. This
approach reduces the need for costly captive infrastructure and allows for future scaling. A
sustainable business model should follow by identifying investment pathways that reduce
risks, such as revenue-sharing arrangements, fee-based access for multiple users, and risk-

mitigation partnerships with private and public sectors.

@ Support bunkering and export facilities

Invest in CUI that includes bunkering hubs for green hydrogen and ammonia, as well as
berths dedicated to large-scale exports, particularly for ammonia. Additionally, install

appropriately sized storage infrastructure to align with forecast demand, ensuring that
storage capacity matches production and offtake requirements for green hydrogen and

derivatives.
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Install intra-port transport pipelines for green hydrogen and CO:
Install intra-port transport pipelines to facilitate efficient movement of green hydrogen
and CO2 within the port. These pipelines will streamline the transportation process for
green molecules and support carbon management initiatives, reducing reliance on road

transport, lowering operational costs, and enhancing safety and efficiency.

Ensure water supply
Leverage port access to water resources by facilitating freshwater sourcing or developing
desalination facilities, which could be scaled for community use in water-scarce areas.

Desalination can be a low-cost component, accounting for 1%-2% of project costs.*

Aggregate energy demand for green power
Act as energy aggregators by partnering with DISCOMs and independent power producers
to pool demand from existing port industries. Aggregated demand helps secure green power

at competitive rates, reducing the high costs associated with green hydrogen production.

Transition to be an active investor

Move beyond being enablers by becoming active investors, starting with joint pilots to demonstrate the

viability of green hydrogen projects.

Investing in green hydrogen projects enables ports to diversify revenue beyond traditional sources like port

dues and land fees. These investments foster sustainable income streams, decreasing reliance on vessel

and cargo traffic. New revenue opportunities arise from hydrogen production, storage, export, and

partnerships with industries focused on decarbonisation. This strategic shift strengthens income stability,

supports the energy transition, and enhances resilience in a dynamic global market.

&

i

Identify and prioritise high-potential partnerships for joint venture
opportunities

Partner with established green hydrogen developers and industrial players through joint
ventures to co-invest in critical infrastructure such as electrolysers, storage facilities, and
hydrogen refuelling stations, maximising technical expertise and resource allocation by

offering land contribution as equity.

Initiate joint pilot projects
Collaborate with industry partners to launch joint pilot projects at the port that test the
viability of green hydrogen production, storage, and export. These pilots will provide critical

insights into system complexities and help assess the technical and economic feasibility of
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green hydrogen operations. Draw on successful international examples, such as the ammonia
bunkering safety study by the Global Centre for Maritime Decarbonisation and Singapore’s

hydrogen refuelling pilot, to inform the design and execution of local pilot projects.®

Set up initial hydrogen bunkering and refuelling facilities, following the example of ports

[é? Implement hydrogen bunkering and refuelling pilots
H2 a

like Pasir Panjang in Singapore. Such facilities will test the feasibility of green hydrogen as

an alternative fuel, paving the way for decarbonising port and maritime operations.®

Establish green hydrogen industrial parks

In collaboration with private partners, set up green hydrogen industrial parks within port

2.

Hual
premises, where infrastructure, land, and utilities are jointly managed. These parks can
attract a mix of hydrogen producers, technology developers, and industrial consumersin a

single, co-located ecosystem.

Foster international collaboration

Promote international partnerships and collaboration with global ports or industries to integrate ports

into the global green hydrogen and derivatives supply chain.

Establishing international partnerships and promoting knowledge sharing generates opportunities and
enhances the adoption of green hydrogen infrastructure by aligning with global standards. Successful
global partnerships are highlighted in the following case studies:

¥ Port of Singapore’s green corridor establishment: In 2024, the Port of Singapore
[inmm signed a memorandum of understanding (MoU) with the Shandong Provincial Transport

Department to create a green corridor between Singapore and China.*

5 5 Port of Rotterdam’s supply chain creation: In 2023, the Port of Rotterdam signed an
MoU with Spanish multinational oil and gas company Cespa to create the green hydrogen

supply chain from Spain to the Netherlands.®

Ulsan Port’s technology transfer initiative: South Korea’s Ulsan Port signed an MoU

@ with Korean Register of Shipping, Lotte Fine Chemical, HD Hyundai Heavy Industries,
and HMM on the creation of the ammonia bunkering industry.’** Collaborating with these
companies, including technology providers, is a way to bring global standardisation into
the field.
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Conclusion and Way Forward

This report highlights insights and strategic actions for advancing green hydrogen infrastructure at key

Indian ports — Deendayal, VOC, Paradip, Cochin, Mumbai, and JNPA — positioning them as green hydrogen

hubs to meet domestic and international demands.

The recommendations outlined in section 5: Recommendations for Accelerating Development of Ports Into
Green Hydrogen Hubs are derived from rigorous analysis and stakeholder consultations involving experts
within the ecosystem. These recommendations serve as foundational suggestions for ports to strategically
plan their next steps. However, it is essential to recognise that each port possesses unique characteristics,
from land availability to financial resources, and varying interests among developers and consumers of
green hydrogen. These recommendations should serve as a framework for ports to initiate discussions on
the feasibility of implementing these actions. Detailed assessments will be necessary to ensure efficient

implementation on the ground.

Leveraging existing infrastructure, including ammonia storage facilities and LNG terminals, provides a

foundation for initial hydrogen and ammonia operations.

Ports like Cochin, Deendayal, and JNPA, which have electricity distribution licenses, can develop the
substations and power systems required for large-scale electrolysis, integrating renewable energy more

effectively.

Pipeline retrofitting for hydrogen blending is viable up to 23.5%, though blending beyond 20% may
increase capital expenditures, emphasising the importance of targeted infrastructure upgrades. Repurposing
LNG terminals offers a cost-effective approach; with much of the infrastructure in place, minor adjustments
could enable ammonia exports. For instance, converting the Mundra terminal could save 320,669 crore
(US$2.37 billion), and the Chhara terminal 28,990 crore (US$3.33 billion), making repurposing a financially

prudent alternative to new infrastructure.

In addition to existing infrastructure, new infrastructure, particularly expanded greenfield ammonia
storage, will be essential to developing hubs and supporting growing demand. Economies of scale reduce
storage costs significantly up to 1.0-1.5 Mt/y, with marginal returns beyond this size. Efficient use of

storage facilities can offset rising electricity costs, supporting a sustainable scale-up as demand increases.
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Indian ports like Deendayal and VOC benefit from proximity to low-cost renewable energy, supporting

competitive export to Asian markets. Additionally, the ports of Deendayal, Cochin, Mumbai, and JNPA are
well positioned for green ammonia exports to European markets, enhancing their international
competitiveness. State-level subsidies could further reduce production costs, enabling targeted cost-

effective incentives.
Securing land parcels near ports will support green hydrogen development and industrial growth.
Aggregating domestic and international demand for green hydrogen derivatives will foster early market

adoption and provide a consistent demand base for both local supply and exports.

Investing in shared infrastructure — such as intra-port pipelines, ammonia storage, and distribution

systems — will help ports serve as robust export hubs and domestic centres for green hydrogen production.

Global partnerships with industry leaders and international ports will integrate Indian ports into the global

green hydrogen supply chain, expanding market reach.

Transitioning from facilitators to active investors, Indian ports can lead pilot projects to demonstrate

green hydrogen’s viability, attracting further investment and supporting market adoption.

With these strategic actions, Indian ports can capitalise on their geographic positioning and infrastructure

to drive India’s decarbonisation goals, becoming key players in the global clean energy transition.
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Appendices

Appendix A: Characteristics differentiation and possible repurposing
of infrastructure from LNG to ammonia

The global energy transition has brought renewed focus on low-carbon fuels like liquefied natural gas (LNG)
and ammonia, both of which play critical roles in decarbonising energy systems and industries. While LNG
is a well-established energy carrier primarily used for power generation and heating, ammonia is emerging
as a versatile solution for energy storage, hydrogen transport, and as a direct fuel in industries and
shipping. The distinct physical, chemical, and logistical characteristics of LNG and ammonia, highlighted

in Exhibit A1, shape their roles, applications, and infrastructure requirements. This differentiation not only

influences their adoption but also determines their compatibility with existing and future energy systems.

Exhibit A1 Comparison of key components between LNG and ammonia

Unit LNG Liquid NHs

t/m3 460 730

MJ/kg 50 18.6

°C -162 -33

- Requires highly insulated tanks to Easier to handle than LNG from a
prevent Boil-off gas (BOG) losses. refrigeration standpoint.

- Flammable, with explosion risks in Toxic and corrosive. Combustion

confined spaces. Methane GHG leakages.  produces NOx, which requires mitigation
technologies.

The tank’s structural integrity must be verified for compatibility with ammonia’s different thermal and
physical properties. The materials used in LNG tanks must be assessed and possibly coated or replaced
with ammonia-resistant materials (e.g., stainless steel or specially treated steel). Moreover, LNG tanks
are insulated for extremely low temperatures while ammonia is stored at -33°C, leading to possible
overdesign and inefficiency.
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Exhibit A1 Comparison of key components between LNG and ammonia (continued)

Unit LNG Liquid NHs

LNG pipelines are designed for low pressures at cryogenic temperatures. Liquid ammonia, though
stored at low temperatures, typically operates at higher pressures (depending on storage temperature).
LNG pumps and compressors may not be suitable for ammonia’s physical properties and may need to
be replaced or retrofitted.

LNG BOG systems are designed to manage methane vapour while ammonia vapour requires entirely
different handling systems due to its toxicity and environmental impact. Thus, new systems must be
installed to manage ammonia vapour.

The unit would not be used in export terminal mode.

Existing pipelines may need to be replaced or lined with materials like stainless steel, ammonia-
compatible alloys, or protective coatings. Therefore, a thorough review is critical to ensure the
structural integrity of the pipelines. The pipelines must be recalibrated for the increased mass flow and
pressure drops. Finally, ammonia spills need robust containment measures to protect personnel and
the environment, which may not be presentin LNG systems.

Loading arms used for LNG will need to be replaced or retrofitted with ammonia-compatible materials
to prevent corrosion and leaks during ship loading/unloading.

LNG terminals focus on flammability risks, while ammonia introduces significant toxicity hazards. A
retrofitted ammonia terminal must install ammonia-specific gas detection and ventilation systems.

Supporting structures must be assessed for increased load-bearing requirements (ammonia density
is higher). Other works might include spill containment areas designed for cryogenic liquids, berms,
dikes, and containment walls that must be lined with ammonia-compatible materials to prevent leaks
into the soil or groundwater. Fire protection systems designed for LNG may need upgrading to address
ammonia combustion characteristics.

Ammonia systems generally require more frequent inspections due to their corrosive nature and the
risk of stress corrosion cracking (SCC).

RMI graphic.
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Exhibit A2 Feasibility of repurposing of terminal components

Terminal component Economic feasibility of repurposing

Storage tanks If reuse is viable, about 50% of the LNG capital expenditure can be recovered. The cost of
modifications ranges from 1%-1.5%, though this comes with reduced capacity. Additionally,
pre-investment expenses account for 22.5% of the LNG capital expenditure.

Pumps Replacement cost of 3%-5% of LNG terminal CAPEX.

Piping Modification cost of 2%-4% or pre-investment cost of 0.5%-1% of LNG terminal CAPEX.

RMI Graphic. Source: Fraunhofer Institute for Systems and Innovation Research ISI study titled LNG Terminals for Liquid
Hydrogen or Ammonia: Analysis of Technical Feasibility under Economic Considerations, https://publica.fraunhofer.de/entities/
publication/493d48c5-6e8b-4e21-8e39-a7ebb35eef64

Ammonia terminals are like LNG terminals as both operate at low temperatures with cryogenic equipment
or high pressures. One of the main differences is the corrosion and toxicity that is specific to ammonia. Due
to this, certain components need to be repurposed to accommodate the use of ammonia. Storage tanks,
LP pumps, and pipelines are repurposed, while systems like BOG need to be replaced. Components such
as liquefaction units are also added as seen in Exhibit A3 due to the process change that comes with the

conversion of an import LNG to export ammonia terminals.
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Exhibit A3 Flow diagram for the ammonia export terminal repurposed from an
LNG import terminal
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RMI graphic. Source: Hybrid LNG & Ammonia Infrastructure: Key to a Green Economy, Black & Veatch, https://www.bv.com/en-US/
resources/hybrid-lng-and-ammonia-infrastructure-key-to-a-green-economy-ebook

When calculating the adequate equipment sizing to perform the cost analysis, two main parameters are
key. Terminal capacities are determined by the logistical variables required for the transport of green
ammonia. Optimising terminal capacity in turn feeds into the cost analysis where equipment is sized
according to the required capacities and total costs are calculated. The definition of the capacity of the

ammonia plant and cost estimation follows the steps shown in Exhibit A4 on the next page.
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Exhibit A4 Key metrics for the analysis focusing on converting LNG import
terminals to ammonia export terminals

No. Item Influenced by

1. Capacity of the terminal a. Size of future vessels
b. Loading duration and maximum time between ships
c. Availability of the terminal

2. Cost of terminal Number and size of tanks (strategic and operational stock)

Low-pressure pumps (height of tanks and loading arm, pipes distance, flow rate)
Loading system

Ammonia pipelines (gas and liquid)

Liquefaction unit

Civil works

Project contingency

@m0 o0 T

The LNG terminal considered for this analysis is 5 Mt/y (most Indian LNG import terminals are of 5 Mt/y),
and is the assumed volume for transportation and characterisation of the ammonia export terminal. These
are shown in Exhibit A5.

Exhibit A5 Capacity calculation metrics for the analysis focusing on converting LNG
import terminals to ammonia export terminals

Capacity of terminal Units Value
Annual throughput TWh 26.7
Annual throughput Mt 5.2
Annual throughput m?3 70,89,488
Terminal capacity GW 4.10
Carrier LHV MJ/kg 18.6
Number of carriers/year No 81
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Exhibit A5  Capacity calculation metrics for the analysis focusing on converting LNG
import terminals to ammonia export terminals (continued)

Capacity of terminal Units Value
Loading duration Hours 80
Interval between carriers Hours 6
Loading system AF - 0.8
Shipping duration India-Europe Days 36
Dedicated India-Europe tankers needed No 9
Vessel/tanker capacity m?3 87,000
Tanker capacity Tons 63,510
Density t/m3 0.73
Pressure Bar 1.2
Temperature C -33

Aterminal with three storage tanks of 74,000 m?® of ammonia to load large vessels of 87,000 m* at a flow

rate close to 1,000 m*/h would have a capacity or nearly 4.2-4.9 Mt/y or 21-25 terawatt-hours per year
(TWh/y). Taking these metrics for capacity and the cost assumptions for components in Exhibit A6 on the
next page into consideration, the final cost of the terminals was calculated based on the scenarios and
their conditions.
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Exhibit A6

Variable

LNG terminal CAPEX
reference

LNG terminal economic
lifetime

Remaining LNG economic
lifetime

Lifetime extension after
repurposing

WACC

Fixed O&M

Variable 0&M

Storage tank

LP pumps

Jetty

Loading arm

Liquid NHs pipeline

Liquefaction compressor

Liquefaction condenser

BOG

Gateway to Green

ammonia export terminals in India

€/ta

Year

Year

Year

%

% capex

% capex

€/t

€/kw

€/kW

€/unit

€/GW-m

€/kW

€/kg/h

€/kW

Greenfield
ammonia
terminal

3%

3%

1%

652/947.70

585.00

1.93

71,100.00

1,118.47

2,160.00

740.47

77.50

Brownfield: post-
commissioning

94.5-104.8

50

20

10

3%

3%

1%

3% of LNG tank capex

3% of the capex of pump
used in the LNG terminal

1.93

71,100.00

40% of the capex of the
pipeline used in the LNG
terminal

2,160.00

740.47

77.50

Assumptions for the calculation of converting LNG import terminals to

Brownfield: prior-
commissioning

94.5-104.8

50

20

10

3%
3%
1%
5% of LNG tank capex

585.00

1.93
71,100.00

10% of the capex of the
pipeline used in the LNG
terminal

2,160.00
740.47

77.50
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Exhibit A6 Assumptions for the calculation of converting LNG import terminals to
ammonia export terminals in India (continued)

Variable Greenfield Brownfield: post- Brownfield: prior-
ammonia commissioning commissioning

terminal

Civil works % 80% 100% 100%
equipment/
materials

Engineering and project % 30% 6% 3%
management equipment/
materials

Owner cost % 20% 4% 2%
equipment/
materials

Contingency % 10% 2% 1%
equipment/
materials

RMI Graphic. Source: "LNG Plant Cost Estimation," Oxford Institute of Energy Studies, https://www. oxfordenergy.org/wpcms/
wp-content/uploads/2014/02/NG-83.pdf; LNG Terminals for Liquid Hydrogen or Ammonia: Analysis of Technical Feasibility under
Economic Considerations, Fraunhofer Institute for Systems and Innovation Research ISI, https://publica.fraunhofer.de/entities/
publication/493d48c5-6e8b-4e21-8e39-a7ebb35eef64

The cost of the different components was obtained by consulting several sources. The cost characterisation
does not replace a complete engineering and procurement analysis; instead, it provides reference values to

estimate the cost of new or repurposed ammonia terminals.

LNG terminal capital expenditures were taken from the announced costs of the Chhara and Mundra
terminals in India to give a range of capital expense costs. The same goes for ammonia storage tanks.
Components such as storage tanks, LP pumps, and liquid NHs pipelines are repurposed with the
assumptions mentioned in Exhibit A6. The numbers for costs such as civil works, engineering and
project management, owner cost, and contingency were assumed in accordance with the prior- and
post-commissioning scenarios where portions of these costs are already incurred up front in the LNG

terminal.
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Appendix B: Methodological framing and assumptions for cost
analysis on portside ammonia storage at the six considered ports

To assess how infrastructurally ready ports are for exporting and bunkering green fuels and how
much additional investment is required, cost modelling was performed for the six major ports in India

considered for this study.

For cost modelling, all green fuel that was bunkered or exported was assumed to be green ammonia. Cost

modelling was performed to estimate:

1. Thetotal delivered cost of bunkering or exporting ammonia, and

2. The total lifetime cost of ammonia portside storage tanks.

The total delivered cost of fuel includes the entire green fuel supply chain. This includes the cost of green
hydrogen production and storage, ammonia production and storage at the production site, transport
costs of ammonia from the production site to the port, and port infrastructure costs. If the fuel is exported
and not just bunkered, the total delivered cost of fuel also includes ocean-going vessel transport costs and

portside infrastructure at the importing port.

Exhibit A7 Modelling framework for portside storage assessment

Levelised cost of
——> portside storage, US$/
metric ton of fuel

Annual fuel volume to be
stored, metric tons of fuel —— >
per year

RMI graphic.
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The total lifetime cost of the portside ammonia storage tanks considers both capital and operational
expenditures incurred over a 30-year lifetime. Lifetime costs and levelised costs for these ammonia
portside storage tanks were tested for various ammonia handling volumes. This was done to test the
sensitivity of the total investment, the levelised port infrastructure cost, and the infrastructure required
for the volume of ammonia handled. If a port has existing ammonia storage, this infrastructure is

accounted for in the total lifetime costs and levelised costs.

When a port authority develops its green fuel infrastructure strategy, it should consider its own ambitions
and the green fuel production volumes of nearby projects. The analysis utilises each port’s 2030 green
ammonia handling goal, if it is known. If the port’s volume goal is unknown, then the assumed ammonia
handling value is based on the port’s state total estimated 2030 green ammonia production volume.
Realistically, these ports are not likely to handle the state’s entire ammonia production volume because
the fuel can be used domestically or exported from other ports. However, as mentioned above and in
Exhibit A7 on page 73, port infrastructure costs were modelled at various ammonia handling volumes,
including at 100%, 50%, and 20% of the volumes.

Exhibit A8 Cost assumptions for portside ammonia (at production site) storage
cost analysis

Category Ammonia Source(s)

CAPEX US$843/metric ton- RMI assumption based on HyDelta, Nayak-Luke et al.,
US$1,418/metric ton NHs “Techno-Economic Aspects of Production” (2022)
OPEX 3% of capex HyDelta; Lloyd’s Register & UMAS “Fuel production cost

estimates and assumptions” (2019)

Electricity requirement 37.8 kWh/metric ton NH3 Lloyd’s Register & UMAS, “Fuel production cost estimates
and assumptions” (2019)

Tank utilisation 80% Industry experts

Maximum usage frequency 20 times/year Industry experts

RMI graphic.
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Appendix C: Methodological framing and assumptions for cost
analysis on portside green ammonia production and landed cost to
global bunkering hubs in Europe and South Asia

The cost of green ammonia production is estimated as an average across five production scenarios
analysed in this study. Two scenarios involved co-located facilities for solar power with batteries and green
ammonia production, differing in their reliance on the grid. The other three scenarios considered
non-co-located setups for renewable energy and green ammonia production. Among these, two scenarios
considered production of renewable energy and green ammonia within the same state: one utilised solar
power, batteries, and the grid, while the other combined solar and wind power with batteries and the grid.
The third scenario involved generating renewable energy (solar and wind) in a different state, transmitting

it via the grid, and incorporating battery storage.

Exhibit A9 Techno-economic assumptions for green ammonia production cost and
landed cost at major bunkering hubs

Category Variable Unit 2024 2030
Electrolyser direct Electrolyser uninstalled CAPEX (Stack+BOP) ~ USS/kwW 741.50 248
capex

Stack overall USS/kw 333.68 111.60

Balance of plant overall USS/kW 407.8 136.4
Electrolyser efficiency Total system energy requirement KWh/kg 53.65 46.60
and durability

Stack lifetime Hours 71,666 100,000
Electrolyser indirect Land cost USS/acre 0 0

capex: EPC + land

Electrolyser opex: Insurance % 0.00 0.00
Labour and overhead

Hydrogen storage H2 storage capex kg USS$/kg 466 345
capex, 0&M, operation

H2 storage capex kWh USS/kWh 14.13 10.45
H2 storage indirect Land cost USS/acre 0 0

capex: EPC + land
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ExhibitA9  Techno-economic assumptions for green ammonia production cost and
landed cost at major bunkering hubs (continued)

Category Variable Unit
Battery Battery capex USS/kWh
Battery opex USS/kWh-year
Battery efficiency %
Battery lifetime Years
Renewables capex Solar single-axis tracking capex USS/kw
Onshore wind capex USS/kW
Solar degradation %/ year
Renewables O&M Solar O&M USS/kW-year
Onshore wind O&M USS/kW-year

2024

266.36

9.63

90

15

650.60

802.41

0.40

4.22

33.52

2030

153.33

6.02

25

15

469.88

751.81

0.40

2.65

31.46

Exhibit A10 Levelised green ammonia cost model assumptions for 2030 production

Category Assumption Source
Overall CAPEX USS$611/metric ton RMI assumption based on Fasihi et al., “Global potential of green
ammonia ammonia...” (2021); Nayak-Luke et al., “Techno-Economic Aspects of

Production...” (2021)

Electricity 719 kWh/year Cesaro et al., “Ammonia to power: Forecasting the levelised cost of
consumption electricity from green ammonia in large-scale power plants” (2020)
OPEX 4% of CAPEX Lloyd’s Register & UMAS “Fuel production cost estimates and

assumptions” (2019)
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ExhibitA11 Assumptions for portside storage

Category Assumption

CAPEX USS$1,156/metric ton- RMI assumption based on HyDelta (2022) and Nayak-Luke et al. (2021)
USS1,418/metric ton NH3

OPEX 3% of capital expenditures HyDelta (2022); Lloyd’s Register & UMAS (2019)

Electricity 37.8 kWh/metric ton NH3 Lloyd’s Register & UMAS (2019)
requirement

ExhibitA12 Assumptions for bunker vessel (based on a chemical carrier powered
by VLSFO) for the ocean transport of green ammonia to major bunkering

hubs globally
Category Assumption Source(s)
CAPEX USS$25 million/bunker vessel Industry experts
Bunkering crew & operational costs US$8,000/day Industry experts
Size 12,000 metric tons NH3/MeOH Assumption
Bunker vessel utilisation 60% Industry experts

Exhibit A13 Conversion factor for the energy equivalency of ammonia to VLSFO

Category Assumption

Energy equivalency of ammonia to VLSFO 2.18 kg ammonia/kg VLSFO

Gateway to Green rmi.org /77


http://rmi-india.org

Exhibit A14 Assumptions for ocean transport of green ammonia to major bunkering

hubs globally
Category Assumption Source
Laden energy consumption 363 MWh/day Industry experts
Ballast energy consumption 323 MWh/day Industry experts
Ship speed 15 knots RMI assumption
Loading + unloading time 4 days RMI assumption
Charter cost US$23,000/day; or RMI as'sumption based on Sa!mon et al., “Green ammonia as
US$80,000/day a spatial energy vector: a review” (2021); Argus Media (2023)
Insurance cost 12,600 USS/day RMI assumption

Exhibit A15 Assumptions for other economies for landed cost competitiveness analysis

Netherlands Namibia Singapore Australia

Cost of debt 9% 8% 12% 18% 8% 8%
Cost of equity 13% 12% 16% 22% 12% 12%
Debt 70% 70% 70% 70% 70% 70%
Equity 30% 30% 30% 30% 30% 30%
WACC 10.17% 9.20% 12.92% 18.76% 9.20% 9.20%
Inflation rate 2% 2% 2% 2% 2% 2%
Tax rate 30% 26% 32% 23% 17% 30%

Gateway to Green rmi.org /78


http://rmi-india.org

Endnotes

1. “India’s Long-Term Low-Carbon Development Strategy,” Ministry of Environment, Forest and Climate
Change, 2022, https://unfccc.int/sites/default/files/resource/India_LTLEDS.pdf.

2. “Net Zero Emissions Target,” Ministry of Environment, Forest and Climate Change, August 3, 2023,
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1945472.

3. “India’s Long-Term Low-Carbon Development Strategy,” Ministry of Environment, Forest and Climate
Change, November 2022, https://moef.gov.in/uploads/2022/11/Indias-LT-LEDS.pdf.

4. “Energy Transition & Ports in Africa,” Presented at the Strategies, progress and challenges —
a perspective from Mauritius & PMAESA Regional Online Webinar, 2023, https://unctad.org/system/
files/non-official-document/4_Kailash-Mauritius_7Dec2023-EnergyTransition%26ports-in-Africa-
UNCTADWebinar-FINAL-_pdf_version.pdf.

5. “How Ports Can Be Transformed into Energy Hubs of the Future,” World Economic Forum, April 29,
2022, https://www.weforum.org/stories/2022/04/co-creating-change-ports-as-energy-hubs-of-
the-future/.

6. “Portsand Green Hydrogen: Match Made in Heaven?,” Roland Berger, September 12,2023, https://
www.rolandberger.com/en/Insights/Publications/Ports-and-green-hydrogen-Match-made-in-

heaven.html.

7. “Seaports as Green Hydrogen Hubs: Advances, Opportunities and Challenges in Europe,” Maritime
Economics & Logistics 25, February 1, 2023, https://doi.org/10.1057/s41278-023-00253-1.

8. Hibba al Kindi, “Oman Sets up New Company to Develop gH2 Common Infrastructure,” Oman
Observer, December 13,2023, https://www.omanobserver.om/article/1146872/business/energy/
oman-sets-up-new-company-to-develop-gh2-common-infrastructure.; “Market Sounding
Registration - Namibia Green Hydrogen Programme,” Accessed November 6, 2024, Namibia Green

Hydrogen Programme, https://gh2namibia.com/market-sounding-registration/.
9. “OCl Expands Import Terminal for (Green) Ammonia,” Port of Rotterdam, June 15, 2022, https://

www.portofrotterdam.com/en/news-and-press-releases/oci-expands-import-terminal-for-green-

ammonia.

Gateway to Green rmi.org /79


http://rmi-india.org
https://unfccc.int/sites/default/files/resource/India_LTLEDS.pdf
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1945472
https://moef.gov.in/uploads/2022/11/Indias-LT-LEDS.pdf
https://unctad.org/system/files/non-official-document/4_Kailash-Mauritius_7Dec2023-EnergyTransition%26ports-in-Africa-UNCTADWebinar-FINAL-_pdf_version.pdf
https://unctad.org/system/files/non-official-document/4_Kailash-Mauritius_7Dec2023-EnergyTransition%26ports-in-Africa-UNCTADWebinar-FINAL-_pdf_version.pdf
https://unctad.org/system/files/non-official-document/4_Kailash-Mauritius_7Dec2023-EnergyTransition%26ports-in-Africa-UNCTADWebinar-FINAL-_pdf_version.pdf
https://www.weforum.org/stories/2022/04/co-creating-change-ports-as-energy-hubs-of-the-future/
https://www.weforum.org/stories/2022/04/co-creating-change-ports-as-energy-hubs-of-the-future/
https://www.rolandberger.com/en/Insights/Publications/Ports-and-green-hydrogen-Match-made-in-heaven.html
https://www.rolandberger.com/en/Insights/Publications/Ports-and-green-hydrogen-Match-made-in-heaven.html
https://www.rolandberger.com/en/Insights/Publications/Ports-and-green-hydrogen-Match-made-in-heaven.html
https://doi.org/10.1057/s41278-023-00253-1
https://www.omanobserver.om/article/1146872/business/energy/oman-sets-up-new-company-to-develop-gh2-common-infrastructure
https://www.omanobserver.om/article/1146872/business/energy/oman-sets-up-new-company-to-develop-gh2-common-infrastructure
https://gh2namibia.com/market-sounding-registration/
https://www.portofrotterdam.com/en/news-and-press-releases/oci-expands-import-terminal-for-green-ammonia
https://www.portofrotterdam.com/en/news-and-press-releases/oci-expands-import-terminal-for-green-ammonia
https://www.portofrotterdam.com/en/news-and-press-releases/oci-expands-import-terminal-for-green-ammonia

Gateway to Green

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

“Harit Sagar - Green Port Guidelines,” Ministry of Ports, Shipping and Waterways, Government of
India, May 2023, https://shipmin.gov.in/sites/default/files/Harit%20Sagar%20-%20Green%20
Port%20Guidelines%20.pdf.

“Harit Sagar - Green Port Guidelines,” 2023.

“Deendayal Port, Paradip Port and V.0. Chidambaranar (Tuticorin) Port to be developed as Green
Hydrogen hubs,” Ministry of New and Renewable Energy, Government of India, February 7, 2024,
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=2003544.

“Green Hydrogen Hub Development at Ports Seeing Good Response: Sonowal,” ETInfra, November
18,2023, https://infra.economictimes.indiatimes.com/news/ports-shipping/green-hydrogen-hub-

development-at-ports-seeing-good-response-sonowal/105300466.

“RIL to Lead Massive Rs 1 Lakh Crore Investment in Green Hydrogen, Ammonia Units at Kandla,” The
Economic Times, April 10, 2024, https://economictimes.indiatimes.com/industry/renewables/ril-
lt-welspun-to-lead-massive-rs-1-lakh-crore-investment-in-green-hydrogen-ammonia-units-at-
kandla/articleshow/109173708.cms?from=mdr.

“A Review on Ports’ Readiness to Facilitate International Hydrogen Trade,” International Journal of
Hydrogen Energy 48, no. 46 (May 29, 2023): 17351-69, doi:10.1016/j.ijhydene.2023.01.220.

“Chapter 8.4 - Port Clusters | Port Economics, Management and Policy,” December 24, 2019, https://

porteconomicsmanagement.org/pemp/contents/part8/port-clusters/.
Chapter 8.4 - Port Clusters | Port Economics, Management and Policy, 2019.
“Ports and Green Hydrogen: Match Made in Heaven?,” 2023.

“Ministry Aims for 80% Landlord Model at Major Ports by 2030: Ramachandran,” Business Standard,
May 18, 2024, https://www.business-standard.com/economy/news/ministry-aims-for-80-landlord-
model-at-major-ports-by-2030-ramachandran-124051800816_1.html.

“India Identifies Three Ports in Kandla, Paradip, and Tuticorin to Develop as Export Hubs for Hydrogen,
Ammonia, and Methanol,” The Economic Times, October 2, 2023, https://economictimes.indiatimes.
com/industry/renewables/india-identifies-three-ports-in-kandla-paradip-and-tuticorin-
to-develop-as-export-hubs-for-hydrogen-ammonia-and-methanol/articleshow/104106875.

cms?from=mdr.
“Port Infrastructure Evaluation for Hydrogen & Ammonia Bunkering Services in India,” Eninrac, August

2023, https://vantedgeplus.com/perspectives/port-infrastructure-evaluation-for-hydrogen-and-

ammonia-bunkering-services-in-india-c-10/.

rmi.org /80


http://rmi-india.org
https://shipmin.gov.in/sites/default/files/Harit Sagar - Green Port Guidelines .pdf
https://shipmin.gov.in/sites/default/files/Harit Sagar - Green Port Guidelines .pdf
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=2003544
https://infra.economictimes.indiatimes.com/news/ports-shipping/green-hydrogen-hub-development-at-ports-seeing-good-response-sonowal/105300466
https://infra.economictimes.indiatimes.com/news/ports-shipping/green-hydrogen-hub-development-at-ports-seeing-good-response-sonowal/105300466
https://economictimes.indiatimes.com/industry/renewables/ril-lt-welspun-to-lead-massive-rs-1-lakh-crore-investment-in-green-hydrogen-ammonia-units-at-kandla/articleshow/109173708.cms?from=mdr
https://economictimes.indiatimes.com/industry/renewables/ril-lt-welspun-to-lead-massive-rs-1-lakh-crore-investment-in-green-hydrogen-ammonia-units-at-kandla/articleshow/109173708.cms?from=mdr
https://economictimes.indiatimes.com/industry/renewables/ril-lt-welspun-to-lead-massive-rs-1-lakh-crore-investment-in-green-hydrogen-ammonia-units-at-kandla/articleshow/109173708.cms?from=mdr
https://doi.org/10.1016/j.ijhydene.2023.01.220
https://porteconomicsmanagement.org/pemp/contents/part8/port-clusters/
https://porteconomicsmanagement.org/pemp/contents/part8/port-clusters/
https://www.business-standard.com/economy/news/ministry-aims-for-80-landlord-model-at-major-ports-by-2030-ramachandran-124051800816_1.html
https://www.business-standard.com/economy/news/ministry-aims-for-80-landlord-model-at-major-ports-by-2030-ramachandran-124051800816_1.html
https://economictimes.indiatimes.com/industry/renewables/india-identifies-three-ports-in-kandla-paradip-and-tuticorin-to-develop-as-export-hubs-for-hydrogen-ammonia-and-methanol/articleshow/104106875.cms?from=mdr
https://economictimes.indiatimes.com/industry/renewables/india-identifies-three-ports-in-kandla-paradip-and-tuticorin-to-develop-as-export-hubs-for-hydrogen-ammonia-and-methanol/articleshow/104106875.cms?from=mdr
https://economictimes.indiatimes.com/industry/renewables/india-identifies-three-ports-in-kandla-paradip-and-tuticorin-to-develop-as-export-hubs-for-hydrogen-ammonia-and-methanol/articleshow/104106875.cms?from=mdr
https://economictimes.indiatimes.com/industry/renewables/india-identifies-three-ports-in-kandla-paradip-and-tuticorin-to-develop-as-export-hubs-for-hydrogen-ammonia-and-methanol/articleshow/104106875.cms?from=mdr
https://vantedgeplus.com/perspectives/port-infrastructure-evaluation-for-hydrogen-and-ammonia-bunkering-services-in-india-c-10/
https://vantedgeplus.com/perspectives/port-infrastructure-evaluation-for-hydrogen-and-ammonia-bunkering-services-in-india-c-10/

Gateway to Green

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

“Indian Ports Make Bunkering Activity Gains amid Red Sea Crisis: S&P,” Business Standard, August 13,
2024, https://www.business-standard.com/industry/news/indian-ports-make-bunkering-activity-
gains-amid-red-sea-crisis-s-p-124081301337_1.html.

“Hydrogen’s Role in Green Port Projects,” FASTECH, Accessed January 20, 2025, https://www.

fastechus.com/blog/hydrogen-green-ports.

“India: Fourth Biennial Update Report to the United Nations Framework Convention on Climate
Change,” Ministry of Environment, Forest and Climate Change, Government of India, December 2024,
https://unfccc.int/documents/645149.

“Ports and Green Hydrogen: Match Made in Heaven?,” 2023.

“Ammonia terminals - A Global View,” Argus Media Group, 2024, https://futurefuels.imo.org/wp-
content/uploads/2024/03/WorldAmmoniaMap2024.pdf.

“Renewable Hydrogen Project Risks,” Global Alliance Powerfuels, February 2024, https://www.efuel-
alliance.eu/fileadmin/Downloads/Global_Alliance_Powerfuels_Renewable_Hydrogen_Project_
Risks_final.pdf.

“Hydrogen Offtake Is Tiny but Growing,” BloombergNEF, November 14, 2023, https://about.bnef.com/
blog/hydrogen-offtake-is-tiny-but-growing/.

Fazeli, Reza, Fiona J. Beck, and Matt Stocks. “Recognizing the Role of Uncertainties in the Transition to
Renewable Hydrogen,” International Journal of Hydrogen Energy 47, no. 65 (July 30, 2022): 27896-910,
doi:10.1016/j.ijhydene.2022.06.122.

“Financing cost impacts on cost competitiveness of green hydrogen in emerging and developing
economies,” Organisation for Economic Co-operation and Development (OECD), Novermber 27,
2023, https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/11/financing-cost-
impacts-on-cost-competitiveness-of-green-hydrogen-in-emerging-and-developing-economies_
c660be85/15b16fc3-en.pdf.

“Financing cost impacts on cost competitiveness of green hydrogen in emerging and developing

economies,” 2023.

“India identifies three ports in Kandla, Paradip, and Tuticorin to develop as export hubs for Hydrogen,
Ammonia, and Methanol,” 2023.

“Centre To Spend Rs 20,000 Crore On LNG Storage Infrastructure At 12 Major Ports,” Swarajya by Kovai

Media Private Limited, Accessed January 17, 2025, https://swarajyamag.com/infrastructure/centre-

to-spend-rs-20000-crore-on-Ing-storage-infrastructure-at-12-major-ports.

rmi.org /81


http://rmi-india.org
https://www.business-standard.com/industry/news/indian-ports-make-bunkering-activity-gains-amid-red-sea-crisis-s-p-124081301337_1.html
https://www.business-standard.com/industry/news/indian-ports-make-bunkering-activity-gains-amid-red-sea-crisis-s-p-124081301337_1.html
https://www.fastechus.com/blog/hydrogen-green-ports
https://www.fastechus.com/blog/hydrogen-green-ports
https://unfccc.int/documents/645149
https://futurefuels.imo.org/wp-content/uploads/2024/03/WorldAmmoniaMap2024.pdf
https://futurefuels.imo.org/wp-content/uploads/2024/03/WorldAmmoniaMap2024.pdf
https://www.efuel-alliance.eu/fileadmin/Downloads/Global_Alliance_Powerfuels_Renewable_Hydrogen_Project_Risks_final.pdf
https://www.efuel-alliance.eu/fileadmin/Downloads/Global_Alliance_Powerfuels_Renewable_Hydrogen_Project_Risks_final.pdf
https://www.efuel-alliance.eu/fileadmin/Downloads/Global_Alliance_Powerfuels_Renewable_Hydrogen_Project_Risks_final.pdf
https://about.bnef.com/blog/hydrogen-offtake-is-tiny-but-growing/
https://about.bnef.com/blog/hydrogen-offtake-is-tiny-but-growing/
https://doi.org/10.1016/j.ijhydene.2022.06.122
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/11/financing-cost-impacts-on-cost-competitiveness-of-green-hydrogen-in-emerging-and-developing-economies_c660be85/15b16fc3-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/11/financing-cost-impacts-on-cost-competitiveness-of-green-hydrogen-in-emerging-and-developing-economies_c660be85/15b16fc3-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/11/financing-cost-impacts-on-cost-competitiveness-of-green-hydrogen-in-emerging-and-developing-economies_c660be85/15b16fc3-en.pdf
https://swarajyamag.com/infrastructure/centre-to-spend-rs-20000-crore-on-lng-storage-infrastructure-at-12-major-ports
https://swarajyamag.com/infrastructure/centre-to-spend-rs-20000-crore-on-lng-storage-infrastructure-at-12-major-ports

34. “Global Hydrogen Review 2022,” IEA, 2022, https://iea.blob.core.windows.net/assets/c5bc75b1-
9e4d-460d-9056-6e8e626allc4/GlobalHydrogenReview2022.pdf.

35. “Hydrogen Blending into Natural Gas Pipeline Infrastructure: Review of the State of Technology,”
NREL, October 10, 2022, d0i:10.2172/1893355.

36. “Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” ICF, PNGRB, March 2024, https://www.pngrb.gov.in/pdf/press-
note/ICF_15032024.pdf.

37. “The European Hydrogen Backbone (EHB) Initiative,” European Hydrogen Backbone, accessed
November 6, 2024, https://ehb.eu/.; “Gas Factsheet,” ACER, accessed November 6, 2024, https://www.

acer.europa.eu/gas-factsheet.

38. “EHB Initiative to Provide Insights on Infrastructure Development by 2030,” European Hydrogen
Backbone, July 2023, https://ehb.eu/files/downloads/EHB-initiative-to-provide-insights-on-
infrastructure-development-by-2030.pdf.

39. “Natural Gas Consumption,” Petroleum Planning & Analysis Cell, Government of India, accessed

October 6, 2024, https://ppac.gov.in/natural-gas/consumption.

40. “India Natural Gas, Liquefied Imports by Country | 2023 | Data,” World Integrated Trade Solution,
accessed February 19, 2025, https://wits.worldbank.org/trade/comtrade/en/country/IND/
year/2023/tradeflow/Imports/partner/ALL/product/271111,; "India Climate & Energy Dashboard,”
NITI Aayog, accessed February 19, 2025, https://iced.niti.gov.in/.

41. “One Nation One Gas Grid Project,” Ministry of Petroleum & Natural Gas, July 21, 2022, https://pib.gov.
in/Pressreleaseshare.aspx?PRID=1843445.

42. “Natural Gas Pipelines Network in India,” Petroleum and Natural Gas Regulatory Board (PNGRB),
December 21,2023, https://www.pngrb.gov.in/data-bank/NGPL-21022024.pdf.

43. “Share Of Natural Gas In Total Energy Mix,” Ministry of Petroleum & Natural Gas, December 18, 2023,
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1987803.

44, “Implementation Roadmap — Cross Border Projects and Costs Update,” European Hydrogen
Backbone, November 2023, https://ehb.eu/files/downloads/EHB-2023-Implementation-Roadmap-

Part-1.pdf.

45. “Global Hydrogen Review 2022,” International Energy Agency (IEA), 2022, https://www.iea.org/
reports/global-hydrogen-review-2022.

Gateway to Green rmi.org /82


http://rmi-india.org
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://doi.org/10.2172/1893355
https://www.pngrb.gov.in/pdf/press-note/ICF_15032024.pdf
https://www.pngrb.gov.in/pdf/press-note/ICF_15032024.pdf
https://ehb.eu/
https://www.acer.europa.eu/gas-factsheet
https://www.acer.europa.eu/gas-factsheet
https://ehb.eu/files/downloads/EHB-initiative-to-provide-insights-on-infrastructure-development-by-2030.pdf
https://ehb.eu/files/downloads/EHB-initiative-to-provide-insights-on-infrastructure-development-by-2030.pdf
https://ppac.gov.in/natural-gas/consumption
 https://wits.worldbank.org/trade/comtrade/en/country/IND/year/2023/tradeflow/Imports/partner/ALL/product/271111
 https://wits.worldbank.org/trade/comtrade/en/country/IND/year/2023/tradeflow/Imports/partner/ALL/product/271111
https://iced.niti.gov.in/
https://pib.gov.in/Pressreleaseshare.aspx?PRID=1843445
https://pib.gov.in/Pressreleaseshare.aspx?PRID=1843445
https://www.pngrb.gov.in/data-bank/NGPL-21022024.pdf
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1987803
https://ehb.eu/files/downloads/EHB-2023-Implementation-Roadmap-Part-1.pdf
https://ehb.eu/files/downloads/EHB-2023-Implementation-Roadmap-Part-1.pdf
https://www.iea.org/reports/global-hydrogen-review-2022
https://www.iea.org/reports/global-hydrogen-review-2022

Gateway to Green

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

5T.

58.

59.

“Global Hydrogen Review 2022,” 2022, https://www.iea.org/reports/global-hydrogen-review-2022.
“Global Hydrogen Review 2022,” 2022.

“Global Hydrogen Review 2022,” 2022.

“Analysing Future Demand, Supply, and Transport of Hydrogen,” June 2021.

“Analysing Future Demand, Supply, and Transport of Hydrogen,” European Hydrogen Backbone, June
2021, https://ehb.eu/files/downloads/EHB-Analysing-the-future-demand-supply-and-transport-of-
hydrogen-June-2021-v3.pdf.

“Global Hydrogen Review 2022,” 2022.

“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” March 2024.

“Global Hydrogen Review 2022,” 2022.

“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” March 2024.

“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” March 2024.

“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” March 2024.

“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” March 2024.; “Urea Pricing Policy Section,” Department of
Fertilizers, Ministry of Chemicals & Fertilizers, Government of India, accessed November 6, 2024,

https://www.fert.nic.in/urea-pricing-policy-section.

“Optimising LNG Supplies from Terminals in India,” Petroleum and Natural Gas Regulatory Board
(PNGRB), December 2024, https://pngrb.gov.in/pdf/CaseStudies/20241231_CSR.pdf.

“Ammonia-Ready Import Terminal Gets Green Light in Stade,” Ammonia Energy Association, April 8,
2024, https://ammoniaenergy.org/articleslammonia-ready-import-terminal-gets-green-light-
in-stade/; “Yara, Trammo: Increasing Ammonia Import Capabilities in Europe,” Ammonia Energy
Association, October 15, 2024, https://ammoniaenergy.org/articles/yara-trammo-increasing-

ammonia-import-capabilities-in-europe/.

rmi.org /83


http://rmi-india.org
https://www.iea.org/reports/global-hydrogen-review-2022
https://ehb.eu/files/downloads/EHB-Analysing-the-future-demand-supply-and-transport-of-hydrogen-June-2021-v3.pdf
https://ehb.eu/files/downloads/EHB-Analysing-the-future-demand-supply-and-transport-of-hydrogen-June-2021-v3.pdf
https://www.fert.nic.in/urea-pricing-policy-section
https://pngrb.gov.in/pdf/CaseStudies/20241231_CSR.pdf
https://ammoniaenergy.org/articles/ammonia-ready-import-terminal-gets-green-light-in-stade/
https://ammoniaenergy.org/articles/ammonia-ready-import-terminal-gets-green-light-in-stade/
https://ammoniaenergy.org/articles/yara-trammo-increasing-ammonia-import-capabilities-in-europe/
https://ammoniaenergy.org/articles/yara-trammo-increasing-ammonia-import-capabilities-in-europe/

Gateway to Green

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

“Global Hydrogen Review 2024,” IEA, 2024, https://iea.blob.core.windows.net/assets/89c1e382-
dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf.

“Global Hydrogen Review 2024,” 2024.
“Global Hydrogen Review 2024,” 2024.
“Global Hydrogen Review 2022,” 2022.
“Study on Pathways for Transmission of Hydrogen in Natural Gas Pipelines and City Gas Distribution
Network - Stakeholder Interaction,” ICF, PNGRB, March 2024, https://www.pngrb.gov.in/pdf/press-

note/ICF_15032024.pdf.

“LNG Update 2022 Cost Methodology,” Global Energy Monitor, October 3, 2023, https://www.gem.
wiki/LNG_Update_2022_Cost_Methodology.

“What Is Liquefied Natural Gas? | LNG Explained | National Grid Group,” National Grid Group, accessed
January 17,2025, https://www.nationalgrid.com/stories/energy-explained/what-is-liquefied-

natural-gas-Ing.

“Conversion of LNG Terminals for Liquid Hydrogen or Ammonia,” Riemer, Matia, Florian Schreiner, and
Jakob Wachsmuth, 2022, doi:10.24406/publica-464.

“Optimising LNG Supplies from Terminals in India,” 2024.

“Share of natural gas in total energy mix,” Ministry of Petroleum & Natural Gas, December 18,2023,

https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1987803.

“The University of Oviedo and Enagés Launch a New Chair in Renewable Gases That Will Promote the
Adaptation of the Musel E-Hub as a Multimolecule Plant,” Enagas, April 3, 2024, https://www.enagas.

es/en/press-room/news-room/press-releases/oviedo-university-chair/.

“Medhyterra, a Low-Carbon Ammonia Import Terminal on the Fos Tonkin Site,” Elengy, accessed
December 3, 2024, https://www.elengy.com/en/media/our-projects-making/medhyterra-low-

carbon-ammonia-import-terminal-fos-tonkin-site.

“Study on the Green Ammonia Supply Chain: Production, Storage and Export of Green Ammonia from
India via Seaborne Transport,” Deutsche Gesellschaft flir Internationale Zusammenarbeit (GI1Z) GmbH,
August 2024, https://energyforum.in/fileadmin/india/media_elements/publications/20240805_

RWE_GNH3_Study/20240910_pb_GNH3_Supply_v8.pdf.

“Study on the Green Ammonia Supply Chain,” 2024.

rmi.org /84


http://rmi-india.org
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://www.pngrb.gov.in/pdf/press-note/ICF_15032024.pdf
https://www.pngrb.gov.in/pdf/press-note/ICF_15032024.pdf
https://www.gem.wiki/LNG_Update_2022_Cost_Methodology
https://www.gem.wiki/LNG_Update_2022_Cost_Methodology
https://www.nationalgrid.com/stories/energy-explained/what-is-liquefied-natural-gas-lng
https://www.nationalgrid.com/stories/energy-explained/what-is-liquefied-natural-gas-lng
https://doi.org/10.24406/publica-464
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1987803
https://www.enagas.es/en/press-room/news-room/press-releases/oviedo-university-chair/
https://www.enagas.es/en/press-room/news-room/press-releases/oviedo-university-chair/
https://www.elengy.com/en/media/our-projects-making/medhyterra-low-carbon-ammonia-import-terminal-fos-tonkin-site
https://www.elengy.com/en/media/our-projects-making/medhyterra-low-carbon-ammonia-import-terminal-fos-tonkin-site
https://energyforum.in/fileadmin/india/media_elements/publications/20240805_RWE_GNH3_Study/20240910_pb_GNH3_Supply_v8.pdf
https://energyforum.in/fileadmin/india/media_elements/publications/20240805_RWE_GNH3_Study/20240910_pb_GNH3_Supply_v8.pdf

Gateway to Green

74,

75.

76.

TT.

78.

79.

80.

81.

82.

83.

“VOC Port Becomes First Indian Port to Handle Green Ammonia Import,” September 27, 2023, https://
energy.economictimes.indiatimes.com/news/renewable/voc-port-becomes-first-indian-port-to-

handle-green-ammonia-import/103985521.

“Economic Feasibility of Green Ammonia Use in India’s Fertiliser Sector,” Council on Energy,
Environment and Water (CEEW), September 2024, https://www.ceew.in/sites/default/files/ammonia-
newl.pdf.

“Prefeasibility Study for Decentralised Green Ammonia Production in India,” Deutsche Gesellschaft
fiir Internationale Zusammenarbeit (GIZ) GmbH, August 2024, https://energyforum.in/fileadmin/
india/media_elements/publications/Prefeasibility_Study_for_Decentralised_Green_Ammonia_

Production_in_India/Decentralised_Green_Ammonia.pdf.

“India Anhydrous Ammonia Exports by Country | 2023 | Data,” World Integrated Trade Solution,
accessed November 25,2024, https://wits.worldbank.org/trade/comtrade/en/country/IND/
year/2023/tradeflow/Exports/partner/ALL/product/281410.

“Harit Sagar - Green Port Guidelines,” 2023.

“Green Outlook: Sustainability Pathway for the Ports and Shipping Sector,” Renewable Watch, May 13,
2024, https://renewablewatch.in/2024/05/13/green-outlook-sustainability-pathway-for-the-ports-
and-shipping-sector/.

Lakshmi Ajay, “Cochin Port to Flag off Solar Power Plant of 4000kWP to 5000kWp Capacity,” Indian
Transport & Logistics News, March 10, 2022, https://www.itln.in/shipping/cochin-port-to-flag-off-
solar-power-plant-of-4000kwp-to-5000kwp-capacity-1344764.

“APM Terminals Mumbai (GTI) Transitions to 80% Renewable Electricity,” APM Terminals, October 7,
2024, https://www.apmterminals.com/en/mumbai/about/news/2024/240710-mumbai-renewable-
electricity.

“Statement Of Reasons,” Maharashtra Electricity Regulatory Commission, October 3, 2023, https://merc.
gov.in/wp-content/uploads/2023/11/APPROVED-SOR-for-JNPA.pdf; “Petition Seeking Approval for
Availing Power through Multiple 11kV Feeders by Cochin Port Authority at Vallarpadam & Puthuvypin
from M/s KSEBL,” Kerala State Electricity Regulatory Commission, February 22, 2023, https://dev.
erckerala.org/api/storage/orders/vDicUsqgkxQmnKOsec7qgOwU8kdLKomkpmfyaiO5v.pdf.

“Petition under Chapter Il of Kerala State Electricity Regulatory Commission Regulations 2003,”

Cochin Port Trust, 2022, https://www.cochinport.gov.in/sites/default/files/2023-02/CoPA%20-%20
ARR_ERC_Petition_KSERC_2.pdf.

rmi.org /85


http://rmi-india.org
https://energy.economictimes.indiatimes.com/news/renewable/voc-port-becomes-first-indian-port-to-handle-green-ammonia-import/103985521
https://energy.economictimes.indiatimes.com/news/renewable/voc-port-becomes-first-indian-port-to-handle-green-ammonia-import/103985521
https://energy.economictimes.indiatimes.com/news/renewable/voc-port-becomes-first-indian-port-to-handle-green-ammonia-import/103985521
https://www.ceew.in/sites/default/files/ammonia-new1.pdf
https://www.ceew.in/sites/default/files/ammonia-new1.pdf
https://energyforum.in/fileadmin/india/media_elements/publications/Prefeasibility_Study_for_Decentralised_Green_Ammonia_Production_in_India/Decentralised_Green_Ammonia.pdf
https://energyforum.in/fileadmin/india/media_elements/publications/Prefeasibility_Study_for_Decentralised_Green_Ammonia_Production_in_India/Decentralised_Green_Ammonia.pdf
https://energyforum.in/fileadmin/india/media_elements/publications/Prefeasibility_Study_for_Decentralised_Green_Ammonia_Production_in_India/Decentralised_Green_Ammonia.pdf
https://wits.worldbank.org/trade/comtrade/en/country/IND/year/2023/tradeflow/Exports/partner/ALL/product/281410
https://wits.worldbank.org/trade/comtrade/en/country/IND/year/2023/tradeflow/Exports/partner/ALL/product/281410
https://renewablewatch.in/2024/05/13/green-outlook-sustainability-pathway-for-the-ports-and-shipping-sector/
https://renewablewatch.in/2024/05/13/green-outlook-sustainability-pathway-for-the-ports-and-shipping-sector/
https://www.itln.in/shipping/cochin-port-to-flag-off-solar-power-plant-of-4000kwp-to-5000kwp-capacity-1344764
https://www.itln.in/shipping/cochin-port-to-flag-off-solar-power-plant-of-4000kwp-to-5000kwp-capacity-1344764
https://www.apmterminals.com/en/mumbai/about/news/2024/240710-mumbai-renewable-electricity
https://www.apmterminals.com/en/mumbai/about/news/2024/240710-mumbai-renewable-electricity
https://merc.gov.in/wp-content/uploads/2023/11/APPROVED-SOR-for-JNPA.pdf
https://merc.gov.in/wp-content/uploads/2023/11/APPROVED-SOR-for-JNPA.pdf
https://dev.erckerala.org/api/storage/orders/vDicUsqKxQmnKOsec7qgOwU8kdLKomkpmfyaiO5v.pdf
https://dev.erckerala.org/api/storage/orders/vDicUsqKxQmnKOsec7qgOwU8kdLKomkpmfyaiO5v.pdf
https://www.cochinport.gov.in/sites/default/files/2023-02/CoPA - ARR_ERC_Petition_KSERC_2.pdf
https://www.cochinport.gov.in/sites/default/files/2023-02/CoPA - ARR_ERC_Petition_KSERC_2.pdf

Gateway to Green

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

“Petition by M/s. Jawaharlal Nehru Port Authority (JNPA) for Approval of Power Purchase Agreement
and Adoption of Tariff for Short-Term Procurement of 1.8 MW RTC Power for a Period from 1
September 2024 to 31 August 2025,” Jawaharlal Nehru Port Authority, October 9, 2024, https://merc.
gov.in/wp-content/uploads/2024/10/Order-in-Case-No.138-0f-2024.pdf.

“National Green Hydrogen Mission,” 2023.

“Port of Singapore Sees Spike in Demand for Green Fuels,” Offshore Energy, July 5, 2024, https://www.
offshore-energy.biz/port-of-singapore-sees-spike-in-demand-for-green-fuels/.

“Singapore’s MPA Sees Earliest Ammonia Bunkering from 2026, Methanol Pilot to Pave Way,” S&P
Global, July 3,2023, https://www.spglobal.com/commodityinsights/en/market-insights/latest-
news/Ing/070323-interview-singapores-mpa-sees-first-ammonia-bunkering-from-2026-methanol-

pilot-to-pave-way.

“Fertiglobe Wins First German H2Global Green Ammonia Import Tender at Eur1,000/Mt,” S&P Global,
July 11, 2024, https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/
energy-transition/071124-fertiglobe-wins-first-german-h2global-green-ammonia-import-tender-
at-eurl000mt.

“Investing in a Future Made in Australia,” Treasury Ministers, Ministers, Treasury Portfolio, Australia,
May 14, 2024, https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/media-releases/

investing-future-made-australia.

“Hydrogen Strategy,” European Commission, accessed September 22, 2024, https://energy.
ec.europa.eu/topics/energy-systems-integration/hydrogen_en.

“Fertiglobe Wins First German H2Global Green Ammonia Import Tender at Eur1,000/Mt,” 2024.
“Policy-2023 for leasing the government fallow land for green hydrogen production using non-
conventional energy sources such as solar, wind, wind solar hybrid energy,” Revenue Department,
Government of Gujarat, 2023, https://www.eqmagpro.com/wp-content/uploads/2023/05/New-GR-
for-Green-Hydrogen-08-05-2023-English_compressed.pdf.

"Green. hydrogen hub development at ports seeing good response: Sonowal," 2023.

“Policy-2023 for leasing the government fallow land for green hydrogen production using non-

conventional energy sources such as solar, wind, wind solar hybrid energy,” 2023.
“Building Ammonia Supply Chains into the Port of Rotterdam,” Ammonia Energy Association, May

26,2022, https://ammoniaenergy.org/articles/building-ammonia-supply-chains-into-the-port-of-

rotterdam/.

rmi.org /86


http://rmi-india.org
https://merc.gov.in/wp-content/uploads/2024/10/Order-in-Case-No.138-of-2024.pdf
https://merc.gov.in/wp-content/uploads/2024/10/Order-in-Case-No.138-of-2024.pdf
https://www.offshore-energy.biz/port-of-singapore-sees-spike-in-demand-for-green-fuels/
https://www.offshore-energy.biz/port-of-singapore-sees-spike-in-demand-for-green-fuels/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/lng/070323-interview-singapores-mpa-sees-first-ammonia-bunkering-from-2026-methanol-pilot-to-pave-way
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/lng/070323-interview-singapores-mpa-sees-first-ammonia-bunkering-from-2026-methanol-pilot-to-pave-way
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/lng/070323-interview-singapores-mpa-sees-first-ammonia-bunkering-from-2026-methanol-pilot-to-pave-way
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/071124-fertiglobe-wins-first-german-h2global-green-ammonia-import-tender-at-eur1000mt
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/071124-fertiglobe-wins-first-german-h2global-green-ammonia-import-tender-at-eur1000mt
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/071124-fertiglobe-wins-first-german-h2global-green-ammonia-import-tender-at-eur1000mt
https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/media-releases/investing-future-made-australia
https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/media-releases/investing-future-made-australia
https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en
https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en
https://www.eqmagpro.com/wp-content/uploads/2023/05/New-GR-for-Green-Hydrogen-08-05-2023-English_compressed.pdf
https://www.eqmagpro.com/wp-content/uploads/2023/05/New-GR-for-Green-Hydrogen-08-05-2023-English_compressed.pdf
https://ammoniaenergy.org/articles/building-ammonia-supply-chains-into-the-port-of-rotterdam/
https://ammoniaenergy.org/articles/building-ammonia-supply-chains-into-the-port-of-rotterdam/

Gateway to Green

96.

97.

98.

99.

“Water for hydrogen production,” IRENA, 2023, https://www.irena.org/Publications/2023/Dec/
Water-for-hydrogen-production.

“Phase 1: Ammonia Bunkering Pilot Safety Study,” GCMD, April 27, 2023 https://gcformd.org/projects/
ammonia-bunkering-pilot-safety-study/.

“PSA Develops First Hydrogen Refuelling Station in Port of Singapore,” Port Technology International,
June 25, 2024, https://www.porttechnology.org/news/psa-develops-first-hydrogen-refuelling-
station-in-port-of-singapore/.

“Singapore MPA and Shandong Sign MoU for New Green Digital Shipping Corridor,” Seatrade Maritime
News, October 14, 2024 https://www.seatrade-maritime.com/ports-logistics/singapore-mpa-and-

shandong-sign-mou-for-new-green-digital-shipping-corridor.

100.“ACE Terminal and Cepsa Sign Agreement for Green Hydrogen and Ammonia Imports,” Port

of Rotterdam, February 21, 2023, https://www.portofrotterdam.com/en/news-and-press-releases/

ace-terminal-and-cepsa-sign-agreement-for-green-hydrogen-and-ammonia.

101.“Ulsan Port Signed an MOU on Revitalizing the Ammonia Bunkering Industry,” Ulsan Metropolitan City,

October 1, 2024, https://www.investkorea.org/us-en/bbs/i-1426/detail.do?ntt_sn=491365.

rmi.org /87


http://rmi-india.org
https://www.irena.org/Publications/2023/Dec/Water-for-hydrogen-production
https://www.irena.org/Publications/2023/Dec/Water-for-hydrogen-production
https://gcformd.org/projects/ammonia-bunkering-pilot-safety-study/
https://gcformd.org/projects/ammonia-bunkering-pilot-safety-study/
https://www.porttechnology.org/news/psa-develops-first-hydrogen-refuelling-station-in-port-of-singapore/
https://www.porttechnology.org/news/psa-develops-first-hydrogen-refuelling-station-in-port-of-singapore/
https://www.seatrade-maritime.com/ports-logistics/singapore-mpa-and-shandong-sign-mou-for-new-green-digital-shipping-corridor
https://www.seatrade-maritime.com/ports-logistics/singapore-mpa-and-shandong-sign-mou-for-new-green-digital-shipping-corridor
https://www.portofrotterdam.com/en/news-and-press-releases/ace-terminal-and-cepsa-sign-agreement-for-green-hydrogen-and-ammonia
https://www.portofrotterdam.com/en/news-and-press-releases/ace-terminal-and-cepsa-sign-agreement-for-green-hydrogen-and-ammonia
https://www.investkorea.org/us-en/bbs/i-1426/detail.do?ntt_sn=491365

Gateway to Green: Assessing Port Readiness for Green Hydrogen Transition
in India, RMI, Indian Ports Association, June 2025.

©@®O

RMI values collaboration and aims to accelerate the energy
transition through sharing knowledge and insights.

We therefore allow interested parties to reference, share,
and cite our work through the Creative Commons

CCBY-SA 4.0 license.

M/ \RMI

RMI Innovation Center
22830 Two Rivers Road
Basalt, CO 81621 USA

WWW.rmi.org

June 2025. All rights reserved.
Rocky Mountain Institute® and RMI® are

registered trademarks.



http://www.rmi.org

