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Hydrogen Leak Detection, Monitoring and Reduction

H₂ Emissions Workshop

3

Directive (EU) 2024/1788:

• Article 50.1 (g) and 50.1 (h) for Operators

• Article 9.6 for the European Commission

Regulation (EU) 2024/1789

• Article 59.1 (l) for ENNOH

o ENNOH’s regulatory mandate: Develop and promote best practices for hydrogen leak
detection, monitoring and reduction



H₂ Emissions Workshop
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Practical details for the day:

H₂ Emissions Workshop

• Workshop recording: A recording of the workshop will be shared with all 
participants after the session;

• Presentation slides: The workshop slides will also be shared afterwards;

• On-site Q&A: If you would like to ask a question during the workshop, 
simply raise your hand and a member of our team will come over to hear 
your question.
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Join the conversation in Slido!

H₂ Emissions Workshop

• Scan the QR code below;

• Enter the password;

• Submit your question, indicating which speaker it is addressed to.
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Password:
hydrogenforgood
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Introduction

Monitoring H2 emissions

❑ ENNOH role

❑ Why such a monitoring?

❑ Assessing impacts

❑ Where are we now?

❑ No amalgamation/confusion with CH4
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1. Agenda
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1. Agenda
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Hydrogen emissions and their associated impacts





Hydrogen emissions and their associated impacts



Climate impact of future hydrogen pipeline transport

ENNOH Workshop on Hydrogen Emissions

Tobias van Almsick

13.10.2026



Development of the GWP 100 of hydrogen
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Building on the approach of Derwent et al.

Newer determination methods from 2020

For the exact estimation of the GWP100 of hydrogen, the technical literature is still little unclear.

For comparison, methane:

• GWP100: 28 (5th IPCC Report)

• GWP100: 33 (5th IPCC report, taking into 

account interaction with aerosols)



Material properties Natural gas – methane – hydrogen
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— Relative flow rates hydrogen vs. methane (related to CO2-eq.):

— H2: 5.8  CH4: 28  => Quotient: 0.21

— Kiwa 2019:    0.03 - 0.08 t CO2-eq. H2/t CO2-eq. CH4 (calculated)

— "Hydrogen in the NTS" 2019:  0.03 - 0.08 t CO2-eq. H2/t CO2-eq. CH4 (calculated)

— OGE 2021    0.06 – 0.07 t CO2-eq. H2/t CO2-eq. CH4 (calculated)

— H21 Phase 1 Technical Report 2021: 0.03 – 0.07 t CO2-eq. H2/t CO2-eq. CH4 (calculated)

      0.03 – 0.06 t CO2-eq. H2/t CO2-eq. CH4 (measured)

Mean:        0.05 t CO2-eq. H2/t CO2-eq. CH4 

This results in: 

One and the same leakage is about 20 times less harmful to the climate for hydrogen than for 

methane!



Hydrogen network: Emissions from network operation

— Assumption: Amount of energy transported 963 TWh CH4 vs. 239 TWh H2 Climate 

impact of gas losses decreases sharply with conversion to H2 (-99% absolute and -96% 

specific)

— Due to the fact that GWP is a mass-related metric and due to the low density of H2, the 

climate impact of gas losses during energy carrier change to H2 decreases very 

significantly
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Key messages of the study

— (Indirect) climate effect of H2 over 100 years is about 11.6* (GWP100). Thus, between CO2 (1) and CH4 (29.8). 

CH4 with 2.6 times the climate effect of H2 is basically more potent greenhouse gas.

— Grid emissions from the future H2 transmission line transport within Germany cause only around 1.8 % of the total 

emissions from H2 use. Of these grid emissions, approx. 98 % are electricity-related indirect compressor emissions 

and only approx. 2 % are gas losses (operational and fugitive emissions)

— In the future H2 core network in 2032, the climate impact of gas losses will be reduced by 99% in absolute terms 

compared to the current natural gas transmission network and specifically (per kWh of energy transported) by 96%.

— Life cycle analysis: Planned change of energy source to H2 associated with considerable reductions in climate 

impact (specifically -90 % in the BV under consideration). Description of H2 as a "climate killer" clearly exaggerated.

— TSOs' levers to reduce the climate impact of future H2 provision:

  1. Demand a reduction in upstream chain emissions

  2. Climate-friendly operation of compressors

 3. Avoid H2 emissions in grid operation
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We enable energy supply. Today and 
in the energy mix of the future.



Hydrogen emissions and their associated impacts
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Siemens Energy is a trademark licensed by Siemens AG.

Designing Compression 
Infrastructure for Europe’s 
Hydrogen Backbone

Lessons from Pre-FEED and Feasibility Studies

ENNOH Hydrogen Emissions Workshop | Brussels, 13 October 2026

Simon Stoverink, Siemens Energy

© Siemens Energy, 2026



Compression is a central building block of Europe’s hydrogen backbone
Getting compression right is key to an economic hydrogen backbone

2026-10-13 © Siemens Energy, 2026 2

Network enabler

Compressor stations connect import corridors, storage and demand 

centers – they keep hydrogen flowing across Europe.

Hydrogen is different

Hydrogen’s physical properties require advanced compression solutions –

much higher compression speeds are required compared to natural gas.

Design drives cost

The right compression design has a significant impact on the overall 

station setup and the total cost of the backbone.

How we design compression today decides how economic, 

resilient and clean the backbone will be.
Source: ehb.eu/newsitems

https://ehb.eu/newsitems
https://ehb.eu/newsitems


Siemens Energy is a trademark licensed by Siemens AG.

Five lessons from hydrogen backbone studies
Emissions are one of five equally important criteria

2026-10-13 © Siemens Energy, 2026 3

Pressure ratio & 

ramp-up 

flexibility

De-risking

CAPEX 

awareness

Black-start 

capability

Addressing 

hydrogen 

leakages



Flow and pressure ratio define the technology
Pipeline duties: high flow at PR ~1.5 – 2+

2026-10-13 © Siemens Energy, 2026 4

Recip
low flow

Turbo – Advanced Rotor

Turbo – conventional rotor

Typical pipeline duty band
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Study cases (pre-FEED / Feasibility) Indicative; boundaries depend on suction pressure and duty

Reciprocating Turbo (Advanced Rotor)

Key observations from the studies

• Pressure ratio: ~1.5 – 2+ per station

• Flow: up to 400+ t/h per station → multiple trains

• Transmission: uncertain how much flow & when

• Distribution: uncertain pressure ratio and timing

• Ramp-up: recip + turbo combined covers low 

flow without recycle

Turbo with Advanced Rotor covers the 

pipeline duty band in a single casing



Advanced Rotor: our answer to high-
flow, high-pressure-ratio H₂ duties

2026-10-13 © Siemens Energy, 2026 5

Example

Conventional Rotor

Example

Advanced Rotor

Conventional Rotor

Advanced Rotor

Impeller Tip Speed limit 

Pressure ratio per casing (H2)

Impeller Tip Speed limit 

Pressure ratio per casing (H2)

<350 m/s 

~1.6

up to 600 m/s 

up to 3

Significant footprint reduction, 

fewer casings → lower leakages



Advanced Rotor – Advancement of Manufacturing 
AR scalable to cover entire SVm framesize range (06 – 17)
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AR1.0 Prototype

• Length: ~1.4m

• Diameter: ~360mm

Manufacturing Qualification

• Length: >4.0 m

• Diameter: 1.05m
1

2

1

2

Siemens Energy has developed

a new rotor structural design and

manufacturing approach that enables

impeller tip speeds of up to 600 m/s



Newly Built Laboratory in Redmond, USA to Support 
Turbomachinery Based Decarbonization Technologies

2026-10-13 © Siemens Energy, 2026 7

Closed loop testing

for mechanical and

aerodynamic validation 

• Helium testing successfully 

completed in October 2023

• Hydrogen testing successfully 

completed in March 2025



Compression must grow with the network
Bundle swap adapts to new duties

2026-10-13 © Siemens Energy, 2026 8

Siemens Energy turbo compressors allow an easy bundle swap

• Cartridge contains rotor, stationaries, heads, bearings and seals

• Re-wheel to a new duty without new casing or foundation

• Fully tested before installation, short outage

• Speed range adjustment (after bundle swap) possible with 

exchange of gear internals.

Emission link  The seal system is part of the tested cartridge – the sealing concept stays proven through every duty change

Growth plan of a compressor station (illustrative)

time

One unit sized for initial, 

low flow

1
Phase 1
First gas

Bundle swap re-wheels 

the unit to the new duty

2
Phase 2
Growth

Additional identical units 

added

3
Phase 3
Full build-out



Advanced Rotor: H₂ compression with
standard, proven technology

2026-10-13 © Siemens Energy, 2026 9

Compressor

Advanced Rotor capable of 

running at the high speeds 

required for H₂ compression

Motor & VFD

Standard technology – not 

limited in motor size or motor 

speed. Powers in excess of 

20 MW are possible

Compression train

Built from referenced 

components – lower 

execution and operating risk

Compressor can run at its optimum speed (best efficiency) and does not depend on high speed motor power 

& speed capabilities of direct coupled solutions – No Performance Compromise Required. 

Gearbox

Standard technology – driver 

and driven equipment operate 

at optimum speed



Lower capital expenditures are key enabler for scaling
Advanced rotor technology reduces number of trains compared to conventional solutions

2026-10-13 © Siemens Energy, 2026 10

Flexible station layout: X identical small + Y identical large units

S S S L L

small units cover low and part load; large units the base load. 

Identical units reduce costs → common spares and engineering.

Same station duty – number of trains

Conventional

Advanced Rotor fewer trains

Cost levers

Fewer trains per station

Higher pressure ratio per casing → lower total 

CAPEX and lower transmission costs

Identical units

Standardized trains reduce engineering and 

spare-parts cost

Bundle swap for future upgrades

Adapt to new duties without new compressors –

invest as demand materializes

Affordable hydrogen is the foundation of a scalable hydrogen economy.



One compressor design for motor and GT drive
Common design across compression stations independent of drives type

2026-10-13 © Siemens Energy, 2026 11

Electric motor

+ VFD
Gear

Advanced Rotor

compressor

H₂ gas turbine Gear
Advanced Rotor

compressor

Identical compressor design 

– common spare parts

Same compressor, different driver

• Motor or gas turbine driver connected through a 

gearbox – compressor design unchanged

Mixed stations

• Electric and gas-turbine-driven units combined on one 

site, e.g. one GT driven unit for black start

Common spare-parts strategy

• Identical compressors keep spares, maintenance and 

training standardized

Siemens Energy is on track with its roadmap to 100 % H₂-fired gas turbines

• Portfolio development towards 100 % H₂ for mechanical drives

• SGT-400 industrial gas turbine operated with 100 % renewable hydrogen in the 

HYFLEXPOWER demonstrator



Leakages can be handled – requirements need to be clear
Different Dry Gas Seal architectures are available for the advanced rotor compressor

2026-10-13 © Siemens Energy, 2026 12

Use case: typical H₂ pipeline compressor

Parameter Value

Compressor STC-SVm (10-7-s)

Mass flow 55.000 kg/h

Suction / discharge pressure 50 / 100 bara

Pressure ratio ~2.0

Casings 1

Why leakage occurs during operation

• Dry gas seals run contact-free on a thin gas film – a small, 

controlled leakage is part of the design

Open questions: (1) emission limits – how much H₂ may go to atmosphere?  (2) H₂ purity specification – how 

much N₂ may enter the network?



Option 1: Tandem dry gas seals
Proven standard, small H₂ flow to vent

2026-10-13 © Siemens Energy, 2026 13

Legend

H₂ (process / buffer gas)

N₂ (seal / separation gas)

Gas configuration

Seal gas supply H₂

Secondary Seal gas N₂

Separation gas N₂

Primary vent H₂ + N₂

Secondary vent N₂

How it works

• Filtered H₂ process gas as buffer gas; a small H₂ leakage 

passes the primary seal to the vent

• N₂ seal gas keeps the vent mixture non-explosive and 

separates it from the bearing area

Assessment

+  Proven, widely referenced

+  No N₂ into the process gas

– Small continuous H₂ flow to the primary vent

Use case 55 t/h

0.58 kg/h H2

H₂ to primary vent per casing

≈ 2.3 t/a at 4.000 h



Option 2: CobaSeal as Primary Seal
No H₂ to the outside – small N₂ ingress

2026-10-13 © Siemens Energy, 2026 14

Legend

H₂ (process / buffer gas)

N₂ (seal / separation gas)

Gas configuration

Buffer gas (optional) H₂

Seal gas 

(incl. secondary) 
N₂

Separation gas N₂

Primary vent N₂

Secondary vent N₂
Courtesy of EagleBurgmann

How it works

• Filtered H₂ process gas as buffer gas (Optional).

• High-pressure N₂ seal gas injected into the face of the 

primary seal

• A small portion of the N₂ flows into the process gas, and 

the rest into the primary vent – no H₂ reaches the DGS 

vents

Assessment

+  No H₂ to atmosphere

– Small N₂ ingress into the H₂ stream

– High-pressure N₂ supply required

– 100 % H₂ version in development

Use case 55 t/h

N₂ ingress into process gas

≈ +2 ppm (mol)



Option 3: CobaSeal as Secondary Seal
Reduced H₂ leakage to the primary vent

2026-10-13 © Siemens Energy, 2026 15

Legend

H₂ (process / buffer gas)

N₂ (seal / separation gas)

Gas configuration

Seal gas supply H₂

Secondary seal gas N₂

Separation gas N₂

Primary vent H₂ + N₂

Secondary vent N₂

Courtesy of EagleBurgmann

Use case 55 t/h

0.44 kg/h H2

H₂ to primary vent per casing

≈ 1.8 t/a at 4.000 h

How it works

• Standard primary dry gas seal on the inboard side.

• Filtered H₂ process gas as primary seal gas – small H₂
leakage to the primary vent

• CobaDGS as outboard (secondary) seal with low-pressure 

N₂ supply

• N₂ secondary seal gas keeps H₂ contained in primary vent 

with extremely low N₂ consumption

Assessment

+  Reduced H₂ to primary vent

+  No N₂ into the process gas

+  Low N₂ content in primary vent

– Small H₂ flow to vent remains

– DGS compatible with process and seal gas



Siemens Energy is a trademark licensed by Siemens AG.

Clear requirements are the key to economic low-emission 
compression solutions

2026-10-13 © Siemens Energy, 2026 16

Aligned requirements

Consider the interaction between 

emission limits and the H₂ purity 

specification

Performance-based and 

technology-neutral

Specify measurable outcomes rather 

than prescribing designs

Harmonised measurement

Common methods to quantify and report 

vent emissions across operators

The best emission concept is the one that still 

meets all other design requirements: duty, 

proven technology, cost and resilience.
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Simon Stoverink

Business Development Director

Decarbonization
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EU Turbines
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Lunch break

12:55 – 13:45
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Detection, monitoring, and reduction of hydrogen 
emissions
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Detection, monitoring, and reduction of hydrogen 
emissions











Detection, monitoring, and reduction of hydrogen 
emissions











Detection, monitoring, and reduction of hydrogen 
emissions





Detection, monitoring, and reduction of hydrogen 
emissions
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info@ennoh.eu @ennoh ennoh.eu ENNOH Newsletter

Thank you for your attention
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