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Executve Summary

The Inernaonal Energy Agency (IEA) esmaes in heir Ne Zero Roadmap ha green and low

carbon hydrogen demand will increase from 95Mton today to 150Mton by 2030. This amount of

clean energy will bring considerable benes or he climae: the IEA predicts average emissions

inensiy o hydrogen producon drops rom he range o 12-13.5 kg CO2-eq/kg H2 in 2022 o 6-

7.5 kg CO2-eq/kg H2 in 20301. However, inegrang more hydrogen in our exisng and repurposed

infrastructure will inevitably lead to some hydrogen emissions to the atmosphere. This can happen

either through ugive (rom leaks due o ghness ailure and permeaon) or operaonal emissions

(rom planned operang acvies, e.g. rom mainenance operaons)2. Thus, it is essenal o

understand the impact of these emissions on the climate and the amount of possible emissions

throughout the value chain wih he objecve o reducing, and evenually eliminang, them.

The Decarbonised Gas and Hydrogen Package that entered into force in Augus 2024 has translated

this maer into law. On he one hand, the European Nework o Nework Operaors o Hydrogen

(ENNOH) will have o draf a repor on bes pracces on hydrogen leakage, hydrogen operators will

have o submi a hydrogen leak deecon repor and, where necessary, a repair or replacemen

programme o he compeen auhories, making public sascal inormaon on hydrogen leak

deecon and repair on an annual basis3. On he oher hand, the European Commission has an

obligaon o submi a repor on he topic o he Parliamen and he Council, followed by a legislave

proposal should it be found necessary4.

With this paper, Hydrogen Europe aims to take stock of fundamental knowledge on the topic of

hydrogen emissions, based on literature review and the publicly available data, and to situate it

within awider context of the energy ransion. The paper proposes policy recommendaons to raise

awareness among industry and policy makers and several technical best pracces ha could be

adapted to the hydrogen value chain, they are summarised in the table below.

1 Inernaonal Energy Agency, “Ne Zero Roadmap”, accessible here.
2 IOGP, IPIECA, GIE, Marcogaz, “Mehane Emissions Glossary”, accessible here.
3 Direcve on common rules or he inernal markes in renewable and naural gases and in hydrogen (recas), arcle
50(1)(h), accessible here.
4 Direcve on common rules or he inernal markes in renewable and naural gases and in hydrogen (recas), arcle 8(5)(b),
accessible here.
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Policy recommendaons
1. Empirical daa collecon should be encouraged and supported. It is important to beer

undersand poenal eecs o hydrogen deploymen on amospheric composion hrough
a combinaon o heorecal sudies and acual measuremens or plan secons where
predicon o emission levels is not feasible.

2. European funding (Horizon Europe) should support the development and
commercialisaon o sensors capable omeasuring small leaks, as well as the development
of models and methodologies for determining emissions and migaon mehods.

3. Regulators should develop guidance documens o oser he use o prevenon measures
and systems when building hydrogen infrastructure projects throughout the hydrogen value
chain.

4. The European Commission and Member saes should suppor he unding o esng
campaigns in exisng or uure hydrogen projecs, as well as encourage unlocking o private
funding.

5. The European Commission upcoming report on hydrogen leakage should be elaborated in
close collaboraon wih a broad specrum o sakeholders and ake ino accoun marke
development and the readiness levels of best available technologies.

6. Any prevenve measure should be proporonal o is environmenal and socieal coss.

Technical recommendaons hamigh be adapable o he hydrogen value chain:
1. Minimise leakage: ensure new inrasrucure minimises emissions with measures such as

ghening valves and seals or using laminaed gaskes.
2. Migae ugive emissions by, for example, quickly reacng o leaks and xing

malunconing equipment.
3. Migae operaonal emissions via recovering vented, purged, and residual hydrogen and

using it to produce process heat/electricity or implemenng the latest technology to
maximise he hydrogen recovery rae rom puricaon.
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1.Hydrogen presence and emissions ino he

amosphere

Currently, hydrogen’s average concenraon in he amosphere (mole fracon) is esmaed o be
about 530 parts per billion by volume5. Hydrogen can be emited ino he amosphere from several
sources, including biomass burning, ossil uel combuson, biological nirogen xaon, amospheric
photo-oxidaon omehane and volale organic compounds (VOCs) in he amosphere, and geological
sources6. Hydrogen is also naturally removed from the atmosphere by biological upake in soils and
oxidaon wih hydroxyl radical (OH.) in the atmosphere. Soil upakes rates remain uncertain, but they
could reach up o 85%7. Overall, he average lieme o hydrogen in he amosphere is around two
years8.

Some emissions also sem direcly from he producon, ransmission, disribuon and use of

hydrogen itself. Because o is small molecular size, here is a risk some hydrogen will be released ino

he amosphere in daily operaons along he hydrogen value chain. Emissions can result from leaks

throughout the value chain, rom inrasrucure operaons or rom roune venng and purging

operaons.

Figure 1: the atmospheric hydrogen budget, Source: CICERO9(Tg refers to teragram, which is equivalent

to a million tonne)

5 Paulot, F., Pétron, G., Crowell, A. M., and Beragni, M. B., “Reanalysis o NOAA H2 observaons: implicaons or he

H2 budget”, accessible here.
6 Zgonnik V., “The occurrence and geoscience of natural hydrogen: a comprehensive review”, accessible here.
7 Rhee, T. S., Brenninkmeijer, C. A. M. & Röckmann, T., “The overwhelming role of soils in the global atmospheric hydrogen
cycle”, accessible here.
8 Ocko I., Hamburg S., “Climae consequences o hydrogen emissions”, accessible here.
9 M. Sand, “Minimizing hydrogen leakages key in uure hydrogen economy, accessible here.
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2.Quantfying hydrogen emission’s effec on he

climae

Once hydrogen is emied ino he amosphere, hydrogen might react with other molecules already

present in the atmosphere, such as hydroxyl radicals, which in turn reduces the availability o he laer

to react with other GHGs. For example, less hydroxyl radical in the atmosphere will prevent it from

reacng wih mehane – a potent GHG - resulng in a higher concenraon o methane in the

atmosphere, which in turn results in the increasing o radiave orcing (a change in energy balance in

Earh’s amosphere)10.

Esmang he eecve impac of hydrogen emissions on he climae is however a complex exercise

because of he lack of empirical daa we are sll facing oday. The classic metric to measure the

climae impac o gases is he Global Warming Poenal (GWP) a he 100-year me horizon. GWP

compares he global warming eecs o a kilogram of gas to the impact of one kg o CO2 on the

amosphere or a cerain period. For example, a GWP100 o 12 indicaes ha one kg o a gas has a

warming eec 12 mes greater than he eecs o one kg o CO2 on a 100-year me horizon. To

measure he climae impacs o hydrogen, ameasure o he GWP a boh he 20- and 100-years horizon

is ofen adopted. Research is sll a early sages: he IPCC is yet to agree on a GWP for hydrogen.

However, recen scienc consensus seems o converge owards a GWP100 o 12 and a GWP20 o 30-

40 or hydrogen11, 12. For comparison, methane has a GWP100 o around 28-36 and a GWP20 o 84-

8713.

“Estmatng he eectve impac of hydrogen
emissions on the climate is a complex exercise because
of today’s lack of empirical data.”

Another issue is related to the uncertainty regarding hydrogen emission rates. For the moment,

measurements of hydrogen emissions have mainly been carried out in the context of hydrogen safety

and therefore data is very limited, mostly based on esmaons. Indeed, in these (saey) cases the

inenon is o deec leakages as fast as possible to repair/prevent safety concerns; and this limits long-

term measuremen opporunies. An example of such emissions esmaons coming rom dieren

sources is presented in Figure 2. It is important to emphasise that this table only represents an

illusrave example, and hameasuremens and research are sll needed o undersand he fuure

impact of hydrogen emissions.

10 Warwick e al., “Amospheric implicaons o increased hydrogen use”, accessible here.
11 i.e. in 100 years, he warming eec o one kilogram o hydrogen on he amosphere is equivalen o 12 mes he impac
o one kilogram o CO2 and in 20 years he impac will be 30-40 mes he one kg o CO2
12 M. Sand e al., “A mul-model assessmen o he Global Warming Poenal o hydrogen”, accessible here.
13 IEA, “Mehane and climae change”, accessible here.
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Figure 2: Methane vs hydrogen emission raes estmatons

Source: Hy4inHeat and UK department for Business, Energy & Industrial Strategy14

These parameters must also be put into context of early stages of development of hydrogen

inrasrucure neworks and the ensuing lack o daa currently available on hydrogen emissions. For

pipelines, i is likely that emissions rates will be minimal. As the hydrogen grid will be a new

infrastructure, operators have the opportunity of putng orward plans o build hydrogen pipelines

with stricter standards compared to the ones applied to current natural gas grid15. Esmaed emission

rates are presented in Figure 3 or dieren sages o he value chain. Overall, esmaons o emission

rates remain low for most seps o he value chain, and range beween 0.01% or gas urbines and

13.20% or road ranspor wih liquid hydrogen. This gure is also illusrave o he lack o daa on

esmaons. In his example, he value indicaed or above ground gas sorage is unproporonally high.

14 Hy4inHea and UK Deparmen or Business, Energy & Indusrial Sraegy, “Saey Assessmen: Gas Escape Frequency and
Magniude Assessmen”, accessible here.
15 For example, change o he valves’ sandard o ISO 15848-1 (more ino here), which recommends much more gh valves,
developmen o cenriugal compressors ha will be encapsulaed or hydrogen (more ino here), or developmen o 100%
leak-proo roang seals (more ino here) will all minimise emissions at pipelines level.
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Figure 3: Hydrogen leakage estmaes
Source: Fugitve Hydrogen Emissions in a Fuure Hydrogen Economy, Frazer Nash Consulancy16

These esmaons seem to point out that the highest emission raes are relaed o liqueed hydrogen

handling and above ground gas storage, which will represent only a small racon o overall hydrogen

transport and sorage acvies. Overall, mos pars o he value chain, including producon, ranspor,

disribuon and nal uses presen leakage raes well below 1%.

To grasp the full eecs of hydrogen emissions on the atmosphere it is paramount to put poenal

adverse eecs in perspecve wih regards to he posive eecs of swiching o hydrogen. Some

sudies have ried o balance posive eecs of swiching o hydrogen alernaves and negave

eecs linked o hydrogen emissions17, 18, 19 and indicae ha benes will signicanly ouweigh he

negave eecs of hydrogen emissions.

16 Frazer-Nash consulancy, “Fugive Hydrogen Emissions in a Fuure Hydrogen Economy”, accessible here.
17 D. Hauglustaine et al. “Climae bene o a uure hydrogen economy”, accessible here.
18 JRC, “Hydrogen emissions rom a hydrogen economy and heir poenal global warming impac”, accessible here.
19 Hamburg and Ocko, “Climae consequences o hydrogen emissions”, accessible here.
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Figure 4: Relatve warming impac over tme from replacing fossil fuel echnologies wih green or blue

hydrogen alernatves for a generic case, Source: Hamburg and Ocko. Underlying assumptons are

detailed in Annex20

For example, Ocko and Hamburg (see Figure 4) esmae ha even with a GWP of 11-12, assuming a

hydrogen demand by 2050 o 549 M/year and a loss rae or hydrogen o 1-3%, he CO2 equivalent

emissions from using renewable hydrogen would represent only 1-4% o he CO2 emission avoided

(GWP100 based) by replacing ossil uels. This indicates that the climate impact would be reduced by

96-99.8% i ossil uels were replaced by renewable hydrogen.

These conclusions are, however, heavily dependen on many underlying assumpons such as ype o

hydrogen producon and associaed emissions (boh upsream and downsream), leakage raes and

total amount of hydrogen handled. More research will be necessary o ensure he veraciy o he

inormaon presened in his secon.

Oher eecs o consider are emission reducons in molecules currenly emied by he producon

and consumpon o ossil uels (and replaced by cleaner orms o hydrogen), including mehane, CO,

20 Hamburg and Ocko, “Climae consequences o hydrogen emissions”, accessible here. A cumulave radiave orcing rao
or annually deploying 1 kg o H2 vs. annually avoided ossil uel emissions is used as a proxy or relave warming impacs.
Emissions rom hydrogen alernaves are hydrogen or green hydrogen and hydrogen and mehane for blue hydrogen.
Emissions rom ossil uel echnologies are carbon dioxide, esmaed a 11 kg CO2 avoided per 1 kg H2 deployed, based on
esmaes rom Hydrogen Council (2017). Emissions o hydrogen and mehane include a range o plausible leak raes from
1 % (bes case) o 10 % (wors case) per uni H2 deployed or hydrogen and rom 1 % (bes case) o 3 % (wors case) or
mehane. The heigh o each bar corresponds o he range o leakage. Error bars represen unceraines in boh hydrogen's
soil sink and lieme (solid lines) as well as unceraines in he radiave eecs o hydrogen and carbon dioxide (20 %; dashed
lines). The corresponding GWP resuls (only dierence is pulse emissions raher han consan emission rae) are shown using
he “x” and “o” markers. Details on emissions inpus and equaon used in he calculaon and inpu parameers are in Annex.
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NOx (i.e. NO + NO2) and volale organic compounds (VOCs), which will also induce posive eedback

on amospheric composion and air quality. These reducons may addionally reduce the eec o

hydrogen emissions on the atmosphere. Also, the climate eecs of hydrogen will depend strongly on

he specic use cases, producon mehod, actual hydrogen and methane emission rates, transport,

disribuon and sorage o he molecule and he me scale looked a.

“The net impact of replacing fossil fuels with clean hydrogen is

largely positve, bu specic results are heavily dependent on many

underlying assumptons and requiremore research and commonly

agreed assumptons by regulators.”

With that in mind, it is important to recognise ha some soluons (developed below) already exist

and can be deployed at larger scale to minimise the impact of poenal emissions on the climate. This

requires looking both at technological aspects (i.e. which soluons adoped o reduce methane

emissions can be transposed to hydrogen) as well as the regulatory measures that could be adopted

and adapted in the coming years.

3. Recommendatons for an accurae accountng of

hydrogen emissions
3.1. Policies need o evolve

Overall, he impac o hydrogen emissions on he climae should be beer undersood (e.g. he IPCC

has no ye decided on a GWP or hydrogen), and sakeholders should be encouraged o measure

hydrogen emission raes linked o heir insallaons. Some suggesons that could accelerate this

process include:.

• Scienc sudies should be suppored: o beer undersand he behaviour o hydrogen in he

amosphere. Closure o knowledge gaps, parcularly he role soils play in removing hydrogen

from the atmosphere, is needed.

• Develop support hrough European unding (ex: Horizon Europe) for the development and

commercialisaon o sensors capable omeasuring leaks.

• Regulaors should develop guidance documents o oser he use o prevenon measures and

systems when building hydrogen infrastructure projects throughout the hydrogen value chain.

The Hydrogen & Gas Package (arcle 9 par. 5 Gas Direcve) mandates he Commission with

developing a repor on he opic o hydrogen leakage, and if needed, to accompany it by a

legislave proposal. This exercise should be carried out in a way that ensures adequate

parcipaon rom sakeholders and he scienc communiy o help beer understanding the

environmental aspects related to hydrogen emissions and inform regulatory process

accordingly.

The Package also mandates regular hydrogen leak deecon and repair surveys a he level o

operaors (arcle 50(1)(h) of Gas Direcve). It also indicates that data collected through this

process should be considered in the methodology for assessing GHG emission savings from

low-carbon uels. Similar consideraons are to be included at a later stage in the methodology
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or dening Renewable Fuels of Non-BiologicalOrigin (RFNBOs)21. Before these consideraons

are added o he dieren delegaed acs, the data should be widely peer-reviewed, and

sakeholders should be consuled before the methodologies are ocially published.

• Finally, it is also important to note that he recenly nalised Mehane Emission Regulaon22

will provide many innovaons and bes pracces applicable to methane emissions. Some of

these could also be applicable to future hydrogen system. However, any set of rules applied to

minimising hydrogen emissions should ake ino accoun he nascen stage of the marke o

ensure he rules do no se its development. The rules should be proporonae: the societal

impac of he emission reducon achieved should be signicanly balanced wih he socieal

costs of the measure itself. Any migaon rules should be based on a cos-bene analysis

methodology or similar.

3.2. Lessons from he Naural gas secor ha could be ransposed

o hydrogen

To migae mehane emissions23, some soluons have already been developed and applied to natural

gas infrastructure24. Some might be replicable to the hydrogen value chain25, 26, but they would need

o be esed and adaped o he parcularies o he secor, for example:

• To minimise leakage:

o Ensure new hydrogen inrasrucure is buil as leak ree as possible,

o Tighten valves and seals,

o Use laminaed gaskes and welded joins,

o Avoid anged and hreaded joins,

o More insulaon o pipes and sorage anks, specically or liquied hydrogen,

o Minimise number of pipeline seams,

o Minimise points or pressurisaon and depressurisaon.

• To migae operaonal emissions:

o Recover vened, purged, and residual hydrogen and use i o produce process

heat/electricity,

21 Arcle 9 par. 5 o he Gas Direcve states that the methodology to dene low carbon fuels “shall include the
treatment of emissions due o he leakage o hydrogen, and ake ino accounmehane upsream emissions
and acual carbon capure raes”, and that this methodology shall be consistent with the methodology for
assessing GHG emission savings rom RFNBOs.
“RFNBOs” refers to liquid or gaseous fuels other than biofuels or biogas, the energy content of which is derived
from renewable sources other than biomass – his includes renewable hydrogen. The mehodology o dene
RFNBOs is dened in wo delegaed acs published under he RED. This methodology will need, according to
he Gas Direcve, o be adaped o reec hydrogen leakage once he impac o leakage has been assessed by
he Commission in he repormandaed by he Gas Direcve.
22 Direcve 2024/1787 on he reducon omehane emissions in he energy secor
23 Mehane Guiding Principles, “Enabling Acon o Reduce Mehane Emissions Globally”, accessible here.
24 Marcogaz, “Bes Available Techniques o reduce mehane emissions rom venng and aring acvies in he
mid-downsream gas secor”, accessible here.
25 Environmental Defense Fund, “Prevenng and migang hydrogen emissions rom inrasrucure, accessible
here.
26 NHyRA projec, “pre-Normave Research on Hydrogen Releases Assessmen”, accessible herev.
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o Implement the latest technology to maximise the hydrogen recovery rate from

puricaon,

o Maximise combuson eciency i aring is necessary,

o Install control devices to minimise emissions rom sorage anks,

o Insall vapor recovery unies o capure gas and boil o and compress i ino he gas

line,

o Recover and recompress emission in he process gas,

o Reduce pressure beore venng,

• To migae ugive emissions:

o Immediaely repair leaks and x/replace malunconing equipmen,

o Minimise the volume that must be depressurised in a pipeline or vessel (use

emporary line sops o isolae he secon where repairs are needed),

o Veriy repairs are successul hrough ollow-up leak monioring,

o Replace or eliminae componens ha leak,

o Replace or rero high-leakage devices,

o Reduce he number o blowdowns by coordinang repairs and mainenance evens

ino a single downme,

o Flaring or recompression insead o venng,

o Careul mainenance plans.

Addionally, developing and making sensors and mehods capable o measuring small leaks

commercially available, as well as gathering more data on the actual emission rates will help:

• Beer undersand acual emission raes, hen use hem o deermine poenal eecs o

hydrogen deployment on climate,

• Carry ou eld measuremens o emission raes along he various pieces o he supply chain

ha would improve lie cycle assessmen by accuraely accounng or he ne GHG impac o

he swich o hydrogen compared o alernave sysems,

• Esablish deailed measuremens which would help ideny major emission sources and

migaon opporunies o inorm bes pracces and o implemen correcon

measures/acons.
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4.Annex

Table 1: Hydrogen and methane emissions (in kg) for deploying 1 kg of either green or blue hydrogen

based on best- and worst-case leak rates. It is assumed ha 3 tmes he mass of hydrogen is needed

in he form of mehane for using mehane as a feedsock for hydrogen producton. Data is used as

emission inputs for hydrogen and methane in Figure 4, Source: Hamburg and Ocko27.

Table 2: Input parameters and sources used for the absolue global warming poental (AGWP)

calculatons shown in Figure 4. Source: Hamburg and Ocko28.

27 Hamburg and Ocko, “Climae consequences o hydrogen emissions”, accessible here.
28 Hamburg and Ocko, “Climae consequences o hydrogen emissions”, accessible here.


