
𝗪𝗪𝗜𝗜𝗩𝗩𝗔𝗔 𝗣𝗣&𝗚𝗚 𝗞𝗞𝗻𝗻𝗼𝗼𝘄𝘄𝗹𝗹𝗲𝗲𝗱𝗱𝗴𝗴𝗲𝗲 𝗘𝗘𝘅𝘅𝗰𝗰𝗵𝗵𝗮𝗮𝗻𝗻𝗴𝗴𝗲𝗲 𝗼𝗼𝗻𝗻 𝗛𝗛𝘆𝘆𝗱𝗱𝗿𝗿𝗼𝗼𝗴𝗴𝗲𝗲𝗻𝗻 𝗧𝗧𝗿𝗿𝗮𝗮𝗶𝗶𝗻𝗻𝘀𝘀

Hydrogen ICE in the Rail Sector –
International Trends
Dr. Roland Fortenbach (PS-LE/PRM) | 2024-06-25 | Innsbruck, Austria





1. Introduction 

2. Transformation - Challenges

3. Rail – Market Flashlights & ICE  

4. Paths, Technologies and Solutions

5. Summary and Conclusion



INTRODUCTION01



Intern | Power Solutions | PS-LE/PRM | 2024-06-25
2024-0040
© Robert Bosch AG 2024. Alle Rechte vorbehalten, auch bzgl. jeder Verfügung, Verwertung, Reproduktion, Bearbeitung, Weitergabe sowie für den Fall von Schutzrechtsanmeldungen.

The Bosch Group
Company figures and business sectors
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In 2023

subsidiaries and regional 
companies in more than

60 countries

4.6
billion euros EBIT
from operations

Bosch associates worldwide
at year-end (approx.)

billion euros 
sales revenue

91.6 427,600

470

Mobility Solutions
€ 56.3.3 bn

233,000 associates

Industrial Technology
€ 7.5 bn

34,000 associates

Energy and Building
Technology

€ 7.6 bn
34,000 associates

Consumer Goods
€ 19.9 bn

83,000 associates
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The Bosch Group in Austria
Company figures and locations
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22

1.4 3,200

4
million euros

R&D H2 investment

billion euros 
sales revenue

Bosch associates
(1,400 R&D)

development 
competence center

In 2023
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The Bosch Group in Hallein
Business Unit Large Engines | Headquarter Hallein & Plant 2
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Transformation – Challenge 
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1

2

3

2020 2025 2030 2035 2040 2045 2050

Power | Rail | C&I  CO2 neutral technology  (OE and RETROFIT)

development and 
assessment phase

technology in operation 

Infrastructure industrialization

Marine CO2 neutral technology  (OE and RETROFIT)Maersk
COSCO

MSC
Hapag Lloyd

INNIO
CAT

MTU
WABTEC

KOMATSU
BNSF

Maersk&Co
EU fit for 55

US: Inflation Reduction Act 

Repower EU

Europe: 126 Projects
Asia: 46 Projects

NA: 19 Projects

Oceania: 24 Projects

EU: Net zero industry act
- European Hydrogen bank 

No. of projects announced: 
2022: 684
2023: 1046

• Technology development initiated by lead market players
• Legislation framework progressing BUT not globally and with pending decisions
• Fuel and Infrastructure with increasing efforts BUT pending financial decisions

1
2
3

Market Introduction – on time

 The decarbonization technologies are under development for OE and retrofit with multiple demonstrators during the assessment phase
 The industrialization depends strongly on the (local) available infrastructure
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Hydrogen ICE in the Rail Sector – International Trends
Decarbonization – around the globe 
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• ~40% of ww LE applications (w/o IMO) not yet targeted in terms of CO2 reduction (net zero till 2050)
• Rail operators with ambitious targets around 2030 on the way to net zero till 2050

Percentage of global emissions

Source: based on www.climatewatchdata.org

Net zero target year

2050
after 2050
before 2050
other target year 
net zero already achieved
no document submitted 32,9

46,1

18,4

BNSF - 30%

Baseline 2019

BNSF – Burlington Northern Santa Fe, LLC

CN – Canadian National

KCS – Kansas City Southern

North American Sustainability Goals on Carbon Intensity Reduction

2030 2035 2040 2045 2050

Baseline 2014

CSX –CSX Transportation

Baseline 2018

UP – Union Pacific Railroad

CN - 43%

CSX - 37%

UP - 26%
KCS, 42%

https://www.climatewatchdata.org/


RAIL – MARKET 
FLASHLIGHTS & ICE

03



Intern | Power Solutions | PS-LE/PRM | 2024-06-25
2024-0040
© Robert Bosch AG 2024. Alle Rechte vorbehalten, auch bzgl. jeder Verfügung, Verwertung, Reproduktion, Bearbeitung, Weitergabe sowie für den Fall von Schutzrechtsanmeldungen.

Four FIE Application Segments 
Hydrogen ICE in the Rail Sector – International Trends
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CONSTRUCTION & INDUSTRY

POWER GENERATION RAILWAYS

MARITIME

> 1 mio. engines

Age: up to 30 years and 
more

Annual New Builds

Approx. 73.000 in 2023

Installed Base
/ in Field 

Propulsion / Auxiliary
(Ocean, coastal, inland river)

• Pleasure Boats

• Cruise liner

• Commercial Ships

Locomotives 

• Mainline

• Shunting

Continuous, stand-by,

peaking power

• Generator Sets

• Power Plants 

Vehicles/Machinery

• Construction Machines

• Mining Vehicles 

• Oil & Gas mech. Drives

LE:  > 560kW
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Large Engines – HARSH CONDITIONS
Hydrogen ICE in the Rail Sector – International Trends
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Source: depositphotos

Majority of GHG/ Carbon output (>80%)                                           
rom Freight locomotive operations

Criteria
• Fuel purity
• Air purity 
• Durability
• Noise & Vibration
• Emissions
• Efficiency
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RAIL – MARKET FLASHLIGHTS & ICE
Hydrogen ICE in the Rail Sector – International Trends
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Source: Wabtec
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Decarbonization Paths and Solutions
Hydrogen ICE in the Rail Sector – International Trends
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 The Bosch portfolio supports an immediate effective CO2 reduction (drop-in fuels) and the paths to zero carbon (alternative fuels/new technologies) entirely
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Power to Liquid

H2 Filling 
station

Hydrogen value chain

Solar

Storage & Carbon 
capture

Water 
purifier

Centralized
electrolysis
(GW scale)

Water 
purifier

H2 storage

H2 storage
CO2

Industry

Buildings & 
Urban districts 

Data 
centers

Decentralized
electrolysis
(MW scale)

Direct air
capturing (CO2) eFuels

PEM FC 
system, stack, 
components 

H2 Engine 
components

H2 storage
components

Truck
trailer cooling

Subsea 
actuators

SOFC

H2 ready 
boilers

Mobility

Power generation

H2 production

H2 usage

H2 distribution / storage

Electrolyzer 
technologies 

& services 

H2 Engine 
components 

Electrolyzer 
technologies 

& services 

Electrolyzer 
technologies 

& services H2 industrial
boilers

PEM FC Polymer electrolyte fuel cell | SOFC Solid Oxide Fuel Cell | Source: RB H2 map, version 10.07.22

ElectricityH2 & derivatives Heat Cooling CO2

Decentralized
electrolysis
(MW scale)

Wind 
on-shore

off-shore

Blade actuation

Subsea 
automation

H2

H2

Gas quality check

Compressor 
drives 

Gas quality check

H2

Compressor 
drives 
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SUMMARY & CONCLUSION
Hydrogen ICE in the Rail Sector – International Trends

 The decarbonization has been started by the introduction of specified drop-in fuels

 The new technologies (PFI, LPDI, HPDI in combination with H2, CH3OH, NH3) are under 
development

 Depending on the segment and the use case, different preferences are given

 Within the demonstrator/assessment phase a certain consolidation is expected

 The industrialization depends strongly on the available infrastructure

 Bosch focuses on PFI and LPDI (more favorable benefit/effort ratio)
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June 25, 2024 in Innsbruck, Austria

Thank You for Your Attention

The presentation has been prepared and provided for informational purposes only and 
strictly on a non-reliance basis. The presentation does not include any legal advice. 
Information regarding legislative and other regulatory requirements should be checked 
carefully on an independent basis.
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