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Integrated Hydrogen Systems
Green Hydrogen: Manufacturing, Storage, Transportation & Utilization
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Heavy Engineering L&T Energy - Hydrocarbon

L&T- Metro railL&T IDPL

L&T Financial Services L&T Infotech

Construction & 

Mining Machinery
L&T Realty

L&T Technology Services

Construction

L&T Valves

Mindtree

Minerals and Metals Defence & Shipbuilding

L&T Business Spectrum
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Global Benchmarks – Key Products 

Urea & NH3 Converters 
(600+)

Gasifiers (47) Steam Generators (45+)
Modification, Revamp Site 

Work (50+)

Critical Piping  (50,000 
MT+)

Reactors (261) EO Reactors (56) FCCU & Columns (200+) Coke Drums (80) HP Heat Exchangers 
(450+)

World Class Quality delivered On Time

Products exported to more than 50+ Countries spread over all five continents
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Hydrogen Colour Spectrum

Source: Acciona

https://www.acciona.com.au/updates/stories/what-are-the-colours-of-hydrogen-and-what-do-they-mean/?_adin=02021864894
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Overview of Global Green Hydrogen Policies

• $8 billion investment package for 60+ large scale hydrogen projects

• Electrolyzer capacity target – 17.5 GW by 2025 and 40 GW by 2030 committed in

2022

• Produce 10 MMTPA of green hydrogen by 2030 & import 10 MMTPA by 2030

• Production capacity of 10 GW by 2030; €7 bill govt investments for green

hydrogen

• Tenders for electrolysis services, subsidies for new plants

• SEN-1 zone in North Sea for offshore green hydrogen production; auction for

demo plants

• Promoted in industrial sector e.g. green steel, fertilizers, petroleum refineries

• 400 Kms of hydrogen pipelines in existence
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Overview of Global Green Hydrogen Policies

• 6.5 GW of green hydrogen production capacity by 2030

• € 7 bill investment by French govt by 2030 to support development of low-carbon

& renewable hydrogen

• Use of nuclear energy for electrolysis

• Target of 15.5 GW of electrolyzer capacity by 2030 for green hydrogen

• € 1.5 bill allocated by Spanish govt to support green hydrogen projects in 2020

• Home to 20% of world’s green hydrogen projects; 50 projects under development

• In 2022, Iberdrola commissioned largest green hydrogen plant for industrial use;

will reduce 10% of NG consumption of fertilizer manufacturer, Fertiberia

• € 3 bill being invested to create green hydrogen valley to produce 0.3 MMTPA by

2027
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Overview of Global Green Hydrogen Policies

• 10 MMTPA of green hydrogen production by 2030; 20 MMTPA by 2040; 50 MMTPA by

2050

• $9.5 billion investment by US govt for green hydrogen; subsidy on cost reduction

up to $3/Kg

• Green hydrogen to be utilized in industrial sector, heavy-duty transportation &

long-duration energy storage

• ~2500 Kms of hydrogen pipelines are currently operational

• National Hydrogen Mission - Development of green hydrogen production capacity

of at least 5 MMTPA with an associated renewable energy capacity addition of

about 125 GW in the country

• Over Rs. Eight lakh crore in total investments

• Abatement of nearly 50 MMT of annual greenhouse gas emissions
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Overview of Global Green Hydrogen Policies

• 3 MMTPA of green hydrogen production by 2030; 12 MMTPA by 2040; 20 MMTPA

by 2050

• Boost local electrolyzer manufacturers to win 10% of global market share by

2030

• $112.8 billion of public and private investment to advance the use of hydrogen

and renewable energy sources over the next 15 years

• 4 MMTPA of green hydrogen production by 2030

• Aims to become top supplier of hydrogen in the world (both renewable and

low-carbon hydrogen)

• Announced that it would use a large portion from the $110 billion Jafurah

project, a field estimated to hold 200 trillion cubic feet of gas, for the

production of blue hydrogen
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L&T’s ESG Policy

Aspects UOM Actual Target

FY22 FY26

CO2e impact - post abatement mill tonne 0.81 1.11

Emission intensity target tCO2e/ bill INR 893 543 

Net water consumption (excl. 

conservation, recharge 

methods) 

kilolitres/Mn 9.4 13.3

Water consumption intensity Kilolitres / bill INR 9,454 7,500

Green business % of revenue 38.2% 40 %

% of renewable energy % of total electricity mix 10% 50%

Source: L&T Sustainability Fact Sheet

https://corpwebstorage.blob.core.windows.net/media/47696/lt-sustainability-fact-sheet-january-2023.pdf
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Hydrogen : Global Production & Spending

Spending related to Green Hydrogen Projects from 2020 to 2035



11 / 47 05 Jul 2023

Partnerships / Collaborations & Key Global Projects

Indian Partnerships

(JVs)

+

+

+

+

+

+
+

+

Key Global Partnerships 
(M&A and JVs)

+

+ +

+

Key Global Projects

NortH2 - RWE, 

Equinor, Eneco

and Shell

Hyport- McPhy, 

OQ, DMDE 

H2H –

Humbler,Equinor

AREH H2 project 

- BP

NEOM
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Hydrogen Value Chain

Production

Transport &

Storage

Applications

Black(Brown)/Grey Hydrogen

Fossil Fuel

Coal Gasification/SMR

Blue Hydrogen

Fossil Fuel

SMR

Green Hydrogen

Renewable Energy

Electrolysis

HYDROGEN

Thermochemical 
conversion Thermochemical 

conversion

CO2 Capture, 
Utilization & 
Storage

Liquid Hydrogen

-253 °C, 1 atm

Gaseous Hydrogen

350 / 700 bar

Industries

Refinery

Fertilizer

Steel

Chemical Storage

(NH3 ,LOHC, Methanol)

Hydrogen

Transportation (Truck, Rail, Pipelines, Ship)

Power

Power Storage

Power integration

Distributed power

Mobility

Heavy Vehicle, Ships & Planes

Fuel Cell Electric Vehicle (FCEV)

Hydrogen Fuelling Stations (HFS)
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Model of a Typical Green Hydrogen Plant
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Electrolyser Technologies
Alkaline Electrolyser Proton Exchange Membrane 

Electrolyser

Solid Oxide Electrolyser

Operating Condition 60 – 80 °C

P < 30 bar

50 – 80 °C

1 to 60 bar

800 -1200 °C, 

Up to 85 bar

Electrical Efficiency 

(expected)
70% 68-70% 75%

Advantages

• Lower CAPEX

• Long term durability (20 years)

• High current density (2 A/cm2) 

• Compact design (1.5 MW/40ft 

container)

• Dynamic response

• High working pressure

• High electrical efficiency 

• Low cost of electro catalysts

Disadvantages

• Low current density (< 400 mA/cm2)

• Safety concerns due to crossover of gases

• Low dynamic performance

• High cost due to expensive electrodes

• Low durability (8-10 years)

• Corrosive due to acidic environment

• Low durability due to severe operating 

conditions

• Bulky design

Technology maturity
Commercially established (Mature) Commercially established (Early stages) Under development

Potential application 

cases

Larger capacity plants with min. water 

treatment requirement (e.g. NEOM 

project)

Smaller capacity with varying/fluctuating 

power source e.g. Excess RE based H2 

storage solutions

Availability of waste heat or integration 

with heat source e.g. Ammonia, Hybrid H2 

plants, etc.

All electrolyser technologies are expected to co-exist in future

New Electrolyser Technologies

Under development

Membrane less 

electrolysis Ionic Plasma ETAC, Electrochemical 

Thermally Activated Chemical
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• By 2026, NEOM Green Hydrogen Company (NGHC), KSA plans to build the

world’s largest green-hydrogen-based ammonia production facility (1.2

MTPY)

• Powered by 4 GW of renewable power from onshore solar, wind

• Investment of US $ 8.4 bill

• Will produce 600 TPD of clean hydrogen by electrolysis using

ThyssenKrupp technology

• Will produce nitrogen by air separation using Air Products technology

• Ammonia process technology by Haldor Topsoe

• Will avoid 5 MMTPY of carbon emissions

Chemical Storage : Ammonia

Source: Air Products - NGHC

https://www.airproducts.com/campaigns/neom-green-hydrogen-complex
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Chemical Storage : Ammonia

Source: Air Products - NGHC

https://www.airproducts.com/campaigns/neom-green-hydrogen-complex
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Equipment Design for Green Ammonia Plants : Challenges

• Renewable power for green hydrogen plant is mainly solar power

• Hydrogen production is likely to vary depending upon the availability of

sunlight

• Correspondingly, ammonia plant production will also vary

• During summertime, the plant will run for long at maximum load

• During wintertime, there will be frequent and even back to back large

load changes

• Each load change can be considered to be a ramp down followed by ramp

up
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Equipment Design for Green Ammonia Plants : Challenges

• Plant load can vary from 10% to 100%

• There will be a variation in pressure & temperature with the load changes

• The variations in load and operating conditions will result in cyclic service

for the ammonia plant equipment (Ammonia Converter, Synthesis Loop

Boiler)

• Fatigue analysis needs to carried out to ensure the desired life of

equipment

• Necessitates transient thermal analysis of components of WHBs such as

tubesheets, tubes shell, channel to determine thermal stresses
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Equipment Design for Green Ammonia Plants : Challenges
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Cracking of Green Ammonia to Hydrogen

Siemens Energy led consortium

• Siemens Energy, Fortescue Future Industries and GeoPura developing new

£ 3.5 mill ammonia cracker prototype in Newcastle, UK

• Will produce 200 Kgs of high purity green hydrogen per day using FFI’s

Metal Membrane Technology

• Suitable for PEM fuel cell use

EnBW (Germany), VNG & JERA (Japan) plan feasibility study

• MOU signed for joint feasibility study to evaluate construction of ammonia

cracker demo plant at Rostock port area

• Cracked hydrogen will be transported to German customers
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• Air Liquide will develop an ammonia cracking facility in the Port of

Antwerp by 2024

• Port of Rotterdam has concluded that a 1 MMTPY cracker is feasible to

construct

• Air Products will develop Immingham Green Energy Terminal in UK

• Essar Group will develop cracking facility near Liverpool, UK

• Uniper is also assessing the feasibility of an industrial-sized cracker at

Wilhelmshaven in Germany

• Thyssenkrupp and ADNOC are considering to base a demo cracker at a

major European port following joint development of their own technology

Cracking of Green Ammonia to Hydrogen
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Source : US DOE

Cracking of Green Ammonia to Hydrogen
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• Liquid methylcyclohexane (MCH) is produced from toluene and hydrogen

• Can be safely and economically stored and transported

• Both toluene and MCH are liquids at ambient temperatures and pressures

• MCH has a low degree of risk as a chemical substance

• Liquid MCH efficiently transports hydrogen because it contains 500 times more

hydrogen per volume than hydrogen gas

• Gaseous hydrogen is catalytically extracted from MCH through the

dehydrogenaton process at the site hydrogen is supplied to hydrogen users

Chemical Storage : Liquid Organic Hydrogen Carrier

Source: Chiyoda Hydrogen Innovations

https://www.chiyodacorp.com/en/service/spera-hydrogen/innovations/
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Chemical Storage : Liquid Organic Hydrogen Carrier

Source: Chiyoda Hydrogen Innovations

https://www.chiyodacorp.com/en/service/spera-hydrogen/innovations/
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• Toluene is regenerated during hydrogen extraction process

• Toluene is repeatedly recycled as a raw material for producing MCH

• Chiyoda has successfully developed the proprietary dehydrogenation catalyst

for MCH

• Has conducted technological demonstrations to make the catalyst for

practical use

• Chiyoda has registered MCH including hydrogen for storage and

transportation as the trade name SPERA Hydrogen

Chemical Storage : Liquid Organic Hydrogen Carrier

Source: Chiyoda Hydrogen Innovations

https://www.chiyodacorp.com/en/service/spera-hydrogen/innovations/


26 / 47 05 Jul 2023

Chemical Storage : Liquid Organic Hydrogen Carrier

Source: Chiyoda Hydrogen Innovations

https://www.chiyodacorp.com/en/service/spera-hydrogen/innovations/
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Chemical Storage : Methanol

Source: Green Methanol Produced in Iceland

https://askjaenergy.com/2013/07/22/green-methanol-produced-in-iceland/
https://askjaenergy.com/2013/07/22/green-methanol-produced-in-iceland/


28 / 47 05 Jul 2023

• World’s first commercial scale CO2-to-methanol plant has started

production in Anyang, Henan Province, China

• Production process is based on the Emissions-to-Liquids (ETL) developed

by Carbon Recycling International (CRI) and first demonstrated in Iceland

• ETL process uses emissions that would have otherwise been released into

the atmosphere, producing liquid methanol

• Carbon dioxide is recovered from existing lime production emissions

• Hydrogen is recovered from coke-oven gas

Chemical Storage : Methanol

Source: CRI

https://www.carbonrecycling.is/news-media/worlds-largest-co2-to-methanol-plant-starts-production
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Chemical Storage : Methanol

Source: CRI

https://www.carbonrecycling.is/news-media/worlds-largest-co2-to-methanol-plant-starts-production
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• The new facility can capture 160,000 TPA of carbon dioxide emissions a

year

• Equivalent to taking more than 60,000 cars off the road

• Captured carbon dioxide is then reacted with the recovered hydrogen in

CRI’s proprietary ETL reactor system

• Capacity to produce 110,000 tonnes of methanol per year

• At the heart of the process is CRI’s bespoke reactor that uses specialized

catalysts to convert the carbon and hydrogen feed gases into low carbon-

intensity methanol
Source: CRI

Chemical Storage : Methanol

https://www.carbonrecycling.is/news-media/worlds-largest-co2-to-methanol-plant-starts-production
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Methanol : Global Production & Utilization

MTPA Percent %

China 47 53.41

Middle East & Africa
16 18.18

South America 9 10.23

Europe & Russia 7 7.95

North America 5 5.68

S.E.Asia 4 4.55

Total 88 100

Formaldehyde
30%

Acetic Acid
9%

MTBE (Methyl 
Tertiary-Butyl 

Ether)
13%

Methyl Meth 
Acrylate

2%
Methylamines

2%

Chloromethane 
3%

Dimethyl 
terephthalate

1%

Petrol Blending
14%

Biodiesel
2%

Di-Methyl Ether
7%

MTO, MTP
10%

Others
7%

Uses of Methanol

Ref : Data from Argus DeWitt Methanol newsletter 2015

MTO: Methanol to Olefins

MTP: Methanol to Propene

Total : 88 Million Tonnes

▪ Use of Methanol as a fuel accounts for 12.3

million tonnes in 2014

▪ Almost 75% of the Methanol production is used

to obtain various chemicals
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Methanol Converters : L&T’s Track Record
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• World’s largest hydrogen demo project

• A$500 million investment

• Hydrogen produced by gasification of brown coal in

Victoria, Australia

• Consortium of KHI, Electric Power Development Co.

(J-Power), Iwatani Corp., Marubeni, Sumitomo &

AGL. Backed by Japanese and Australian governments

• Liquid H2 will be transported to Japan

Hydrogen 

Energy Supply 

Chain (HESC) 

Project

05 Nov 2020 © 2020 Larsen & Toubro Limited  : All rights reserved 33

Japan : HESC Project
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Hydrogen Energy Supply Chain (HESC)

• Located in the Latrobe Valley, Australia

• Demonstrate an integrated hydrogen supply chain encompassing

production, storage and transportation in delivering liquefied hydrogen to

Japan

a) Coal gasification and syngas cleaning

b) Hydrogen gas liquefaction

c) Liquefied hydrogen storage and loading

d) Shipbuilding and operation of a specialized liquefied hydrogen carrier

Storage : Liquid Hydrogen

Source: Adapted from HyResource

https://research.csiro.au/hyresource/hydrogen-energy-supply-chain-pilot-project/
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Hydrogen Energy Supply Chain developed in two phases:

• Pilot phase : demonstrating at pilot scale a fully integrated hydrogen supply

chain between Australia and Japan over a one-year period - Completed

• Commercial phase : targeted for the 2030s (with potential for 225,000 TPA of

liquid hydrogen), depending on the outcomes of the pilot phase, regulatory

approvals, community feedback, hydrogen demand trends and successful

development of carbon capture and storage (CCS) technologies.

Storage : Liquid Hydrogen

Source: Adapted from HyResource

https://research.csiro.au/hyresource/hydrogen-energy-supply-chain-pilot-project/
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• KHI built the world’s first liquefied hydrogen carrier Suiso Frontier

• The 8,000 tonnes ship can transport large quantities of LH2 over long

distances by sea. Here, the liquefied hydrogen is at 1/800 of its original

gas-state volume, cooled to (–) 253 °C

Source: Adapted from HyResource

Storage : Liquid Hydrogen

https://www.rechargenews.com/news/2-1-1155434
https://research.csiro.au/hyresource/hydrogen-energy-supply-chain-pilot-project/
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• J-Power announced that hydrogen production from the facility began in

January 2021

• In December 2021, it was reported that the Suiso Frontier had left Japan

to pick up its first cargo of liquefied hydrogen in Australia

• The carrier arrived in Australia on 21 January 2022 to begin loading for

the return journey to Kobe

• In January 2022, the Suiso Frontier left Hastings with its cargo of liquid

hydrogen which (in February 2022) was unloaded at the receiving terminal

in the port of Kobe, Japan

Source: Adapted from HyResource

Storage : Liquid Hydrogen

https://research.csiro.au/hyresource/hydrogen-energy-supply-chain-pilot-project/
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Storage : Compressed Hydrogen Bullets

DESIGN CONDITIONS

Design Pressure Int/Ext (barg) 34 / 0

Design Temperature (deg C) 85

NDE 100% UT / XRAY / MPI

Design Code ASME VIII Div 2, Class 2

Code Stamping & NB Registration Yes

PWHT Yes

Hydrogen Service Yes

Flammable Service Yes

Cyclic Service Yes
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Hydrogen Transportation Costs

Hydrogen transport costs based on distance and volume, $/kg

Source: BNEF

0.05 0.05-0.10 0.1-0.58 0.58-3+

0.05-0.06 0.06-0.22 0.22-1.82 1.82-3+

0.65-0.76 0.68-1.73 0.96-3.87

10 100 1000

LOCAL INTERCITYURBAN INTERCONTINENTAL

DISTANCE (km)

1000

100

10

VOLUME

(tons/day)

1
10000

Compressed 
Hydrogen 
Trucks

Liquid 
Hydrogen 
Trucks

Hydrogen 
Pipelines

Liquid organic 
Hydrogen 
Carriers 
(LOHC) Ships
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Alternate Routes for Producing Cost Effective H2
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• Gasification with CCUS or Gasification for Urea/Methanol Production

offers another opportunity

• CO2 produced by gasification is partially utilized for urea production

• Excess CO2 can be utilized for production of methanol with green H2 (from

electrolysis – renewable source)

• L&T in the past has supplied coal gasifiers for methanol, urea projects

• Integrated complexes for producing hydrogen, ammonia and methanol -

Tianjin Bohai Chemical Industry Co., Ltd, Guizhou Chitianhua Group Co.

Ltd, Yantai Wanhua Group, Jiangsu Huachang Chemical Industry Co., Ltd

Alternate Routes for Producing Cost Effective H2



42 / 47 05 Jul 2023

• Gasifier systems are very complex integrated units and require strong

expertise in design and manufacturing.

Coal Gasification
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Source: Techno-economic analysis study of coal gasification plant into various strategic chemicals

Coal Gasification for Polygeneration

https://iopscience.iop.org/article/10.1088/1755-1315/882/1/012080/pdf
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The Green Leap towards Sustainable Manufacturing 

44

Solar Power Plant With Battery
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L&T – IOCL R&D : Aqueous Phase Reforming

• Commercially, hydrogen is produced by SMR which takes place at high

temperature of 800-900 OC and pressure of 30-35 Bar

• IOCL R&D has developed a novel catalyst for Reforming of methanol, bio-

oil etc for production of hydrogen

• Advantage : Reforming occurs at low temperature (210-300 OC)

• L&T and IOCL R&D are jointly developing the technology; pilot plant is

planned to be set up at IOCL R&D

• Innovative and compact design of Reformer has been developed

• Heating medium is thermic fluid, which is heated by electric heater

• Carbon footprint of technology is very low
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Latest in L&T
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Thank You 


