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Was ist griner Wasserstoff?

2

fh 4 b

Produktion aus Elektrolyse mit
Strom aus erneuerbaren Energien

CO,-FuBabdruck
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Regulatorische und private Standards zur Q‘{y TansaRes)
Emissionsbilanzierung von Wasserstoff

bt ©

EE= |nflation Reduction Act (IRA) CertifHy

B+ Clean Hydrogen Investment Tax Credit Green Hydrogen Organisation
- RED Il Delegated Act zu Art. 28(5) TUOV sid

B cu Taxonomie TOV Rheinland
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Motivation fur Vergleich von DA und LCA

Bilanzierungsmethodik m

NN
Renewable Energy 3’7
Directive 2018/2001 (RED I1) oy

EU Taxonomie é
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Vergleich der Methodik zur (Hy s
Emissionsbilanzierung

_/ Systemgrenze: DA schlieBt Emissionen von Maschinen und Anlagen aus

/
0-© )

Systemgrenze
Input Verarbeitung Transport Kompression Verbrennung LCA

L) L)
P Systemgrenze
”
k Maschinen und Anlagen /

-/ Betrachtete Stromquellen
-/ Strommix fur Deutschland 2018
—/ Erneuerbare Energien

-/ PEM Elektrolyse
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CO,-Fullabdruck im Vergleich

35 -
[ strommix I Erneuerbare Stromquelle

293
242
—_—————— -~
5 5.6 [ EU Taxonomie \
T | Grenzwert: |
——— - - 22— ———————— : 3 kg €O,-Aq. :
; I 03 00 \/kgH

ecoinvent UBA
LCA DA LCA - Solar LCA - Wind DA - Erneuerbar

N N
[=] w
1 I

—_
w
1

Treibhauspotenzial (GWP 100a)
in kg CO,-Aq. / kg H,

_
o
L
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Ergebnisse

ﬁ.% Der CO,-FuBabdruck nach der LCA-Methode ist h6her als nach der DA-Methode.

Die Wasserstoffproduktion aus dem deutschen Strommix verursacht deutlich mehr Emissionen als

% Der fiir die Elektrolyse verwendete Strom ist entscheidend fiir den FuRabdruck entscheidend:
aus erneuerbarem Strom.

CO,-FuBabdruck von nahe null.
Unter Anwendung der LCA-Methodik ist der CO,-FulRabdruck von Wasserstoff aus Sonnenenergie
groBer als der von Windkraft.

4% Nach DA-Methodik fiihrt die Verwendung von Strom aus erneuerbaren Energien zu einem

N1/ ..
:‘O”: Bei LCA hangt die Uberschreitung des Grenzwerts in der EU Taxonomie von der Datenquelle fir
;> den Emissionsfaktor von Solarstrom ab.

Emissionsbilanzierung und -grenzwerte | Regina Reck 23.05.2023 11
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Fazit

Schaffen eines zuverlassigen und koharenten Rechtsrahmens fur
die Emissionsbilanzierung von griinem Wasserstoff

Angleichen des Grenzwerts fiir den CO,-FulRabdruck an die
festgelegte Methodik

Standardisieren der Emissionsbilanzierungsmethode und der
Datenbasis, um die Vergleichbarkeit des CO,-FuRBabdrucks von
Wasserstoff zu gewahrleisten
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Quellen

_/ European Commission (2022). Delegated Act supplementing Directive (EU) 2018/2001 of the European Parliament and of the Council by
establishing a minimum threshold for greenhouse gas emissions savings of recycled carbon fuels and by specifying a methodology for
assessing greenhouse gas emissions savings from renewable liquid and gaseous transport fuels of non-biological origin and from recycled
carbon fuels (Draft from May 2022)
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12713-Renewable-energy-method-for-assessing-greenhouse-
gas-emission-savings-for-certain-fuels _en.

_) European Commission (2021) Delegierte Verordnung (EU) 2021/2139 der Kommission vom 04. Juni 2021 zur Erganzung der Verordnung
(EU) 2020/852 des Europaischen Parlaments und des Rates durch Festlegung der technischen Bewertungskriterien, anhand deren
bestimmt wird, unter welchen Bedingungen davon auszugehen ist, dass eine Wirtschaftstatigkeit einen wesentlichen Beitrag zum
Klimaschutz oder zur Anpassung an den Klimawandel leistet, und anhand deren bestimmt wird, ob diese Wirtschaftstatigkeit erhebliche
Beeintrachtigungen eines der Gbrigen Umweltziele vermeidet. Ausgefertigt am 2021-06-04, Version vom 2021-06-04; Briissel

_/ FfE (2021). Okobilanzen synthetischer Kraftstoffe — Methodikleitfaden
https://www.ffe.de/wp-content/uploads/2018/06/20210906 Methodikleitfaden BEniVer.pdf.

/' Umweltbundesamt (2022). Entwicklung der spezifischen Treibhausgas-Emissionen des deutschen Strommix in den Jahren 1990 — 2021
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2022-04-13 cc 15-2022 strommix 2022 fin bf.pdf.

) Umweltbundesamt (2021). Aktualisierung und Bewertung der Okobilanzen von Windenergie- und Photovoltaikanlagen unter
Berucksichtigung aktueller Technologieentwicklungen
https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/2021-05-06 cc 35-

2021 oekobilanzen windenergie photovoltaik.pdf.

_/ The ecoinvent Database, Version 3.8: www.ecoinvent.org; Zirich: ecoinvent, 2022.
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IRA: Tax Credits abhangig vom CO,- @

FulRabdruck

0,8

0,6

04

Production tax credits

0,2 L

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
Treibhauspotenzial in kg CO,-Aq. / kg H,
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-/
Standards und Regularien fur Wasserstoff

Regulatorik / Label Grenzwert Produktion
in kg CO,-Aq./kg H,
TEENG

DA Art. 28(5) RED Il LCA ohne Anlagenbau
EU
EU Taxonomie LCA oder nach DA Art. 28(5) RED Il 3,0 -
UK Low Carbon Hydrogen Standard LCA ohne Anlagenbau 2,4 @ @ + Bio-
masse/Mull
USA Inflation Reduction Act (IRA) tba; auf Basis des Modells GREET >4,0 -
Canada Clean Hydrogen Investment Tax Credit LCA ohne Anlagenbau >4,0 @ @
Green H, LCA ohne Anlagenbau 4,4 @
CertifHy (EU)
Low-carbon H, LCA ohne Anlagenbau 4,4 %
TOV sud (DE) Green H, LCA ohne Anlagenbau 3,4 éﬂ“@

@Electrolyse mit EE-Strom @ SMR + CCUS %ﬁ%@ aus Erneuerbaren (EE-Strom, Biomethan, ...) % nicht erneuerbar
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emission intensity

Table 3.1 Overview of existing and planned certification systems and regulatory frameworks for hydrogen, ammonia and other
hydrogen-based fuels

Purpose

UK Low Carbon
Hydrogen
Standard; UK Low
Carbon Hydrogen
Certification
Scheme

Regulatory

Renewable
Regulatory Transport Fuel
Obligation

Regulatory EU Taxonomy

Renewable Energy
Reguiatory Directive Ii

Market /

jurisdiction

United
Kingdom

United
Kingdom

European
Union

European
Union

System
boundary

Well-to-gate

‘Well-to-point
of delivery

Well-to-gate

Well-to-wheel

Product

Hydrogen

Hydrogen

Hydrogen

Hydrogen-
based
synthetic
fuels

Hydrogen,
hydrogen-
based
synthetic
fuels

Demand
sector

Transport

Emissionsbilanzierung und -grenzwerte | Regina

Reck

Status

Operational
(certification
scheme under
development)

Operational

Operational

Under
development

Chain of
custody

Mass
balancing

Mass
balancing

Production
pathways

Electrolysis, natural
gas with CCUS,
biomass and waste

Renewable energy
excluding bioenergy

All

Renewable
electricity; low-
carbon electricity
(< 65 g COz2-eq/kWh)

Emissions
intensity level
(kg COz-eq/kg Hz)

2.4

4.0

3.0

34

24

IEA report: hydrogen definitions based on

23.05.2023
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IEA report: hydrogen definitions based on
emission intensity

Emissions
intensity level
(kg CO2-eq/kg Hz)

Market / System Chain of Production

Product

AT jurisdiction  boundary custody pathways

Compressed Hz from
SMR w/o CCUS 141
using natural gas

Liquefied Hz from
SMR w/o CCUS 181
using natural gas

Compressed Hz from
SMR w/o CCUS 1.9
using biomethane

Low-carbon fuel California Book-and.
Regulatory stan(:iar d (LCES (United Well-to-wheel  Hydrogen  Transport  Operational cla-im . Liquefied Hz from
standard (LCFS) States) SMR w/o CCUS 15.5
using biomethane
Compressed Hz from
electrolysis using grid 19.8
electricity
Compressed Hz from
electrolysis using
: 1.3
solar or wind
electricity
Clean Hydrogen Ui 22;’;45
Regulatory Prodg(lfggir: Tax United States Well-to-gate ~ Hydrogen development All 15.045
Lredit <0.45
24
Well-to-gate  Hydrogen 0.75-2
Regulatol (I;rlszgtrﬂe?]rto'r:; Canada Under Blectrolysis, natural <075
g v T Credit development gas with CCUS
I Ammonia <4
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IEA report: hydrogen definitions based on
emission intensity

Emissions

Market / System Chain of Production . .
intensity level

Purpose Frr A rer D Product Status
Jjurisdiction boundary custody pathways (kg CO2-eqfkg Hz)

Standard and
Evaluation of Low- Low-carbon
Carbon Hydrogen hydrogen: 14.5
Voluntary Clean Hydrogen China Well-to-gate Hydrogen Operational Not specified All Renewable
and Renewable hydrogen, clean
Hydrogen (China hydrogen: 4.9
Hydrogen Alliance)

Renewable electricity ey I:rydf!rogen:

STEEEET Well-to-gate  Hydrogen Operational [T ki .
Union claim Nuclear electricity,

fossil fuels with
CCUs

Voluntary CertifHy
Low-carbon

hydrogen: 4.4

Low-carbon
hydrogen . Book-and- Renewable
Voluntary sertification system Japan Well-to-gate Hydrogen Operational claim electricity, biogas -

(Aichi Prefecture)

Green Hydrogen Hydrogen Operational Not specified 1
Star:'de;ird Green International ~ Well-to-gate Renewable electricity
Hydrogen . Under 0.3 kg CO2-eq/kg N
Organisation) development Hs

Voluntary

Climate Bonds Electrolysis, natural 2[]225 30
Standard & It tional  Well-t t Hyd o tional d t 2030: 1.5
C—ertiﬁcation nternational ell-lo-gate lyarogen perational gasbi)nma‘zzs e 2040: 0.6

Scheme 2050: 0.0

Voluntary

Emissionsbilanzi d- te | Regi
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IEA report: hydrogen definitions based on
emission intensity

. . Emissions
Market / System Demand Chain of Production . )
RUIPOSE jurisdiction boundary Rt sector Sl custody pathways (k;ltgg:g;ge:h)
Renewable electricity 1.1
Transport Biomethane, 2334
R glycerine o
Well-to-gate ook-and-
claim
Renewable electricity 11
Outside
transport Biomethane, Y
o o European . glycerine S
Voluntary TUV SUD CMS 70 Union Hydrogen Operational
Renewable electricity 2.8
i rt
ranspo Biomethane, 4556
Well-to-point Mass GhE=inE
of delivery balancing
Renewable electricity 27
Outside
transpor :
Blomethlane, 4354
glycerine
Reduced-carbon
. hydrogen: 6
World Business
Voluntal Coundil of International ~ Well-to-gate Hydrogen Proposal Not specified All Low-carbon
ry Susiainable -0-g yarog p P hydrogen: 3
Development Ultra-low-carbon
hydrogen: 1
Ammonia Energy 5 3 Under "
Voluntary NeerrElon International ~ Well-to-gate  Ammonia  All sectors development Not specified All

Notes: CCUS = carbon capture, utilisation and storage; SMR = steam methane reforming; H, = hydrogen. The “Demand sector” column indicates whether the certification system or regulation is
limited to using the hydrogen in a specific sector
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IRENA: voluntary market mechanisms

EMISSIONS THRESHOLD REQUIREMENT FOR HYDROGEN CUSTODY
TITLE LABEL (kgCO.eq/kgH,) BOUNDARY ELECTROLYSIS PRODUCTION PATHWAY MODEL
v v v v v v v
Australia
Smart Energy Council Renewable H, No threshold . 1 I | O O O . ﬁ . Unclear
Zero Carbon Certification Scheme
China Renewable H, | 1 1 | O O . Not specified
China Hydrogen Alliance
Standard and Assessment for .
e e Clean H, .- O . O O Not specified
Hydrogen, and Renewable
Hydrogen Energy Low-carbon H, L 1 1 | n/a Not specified
Ewrmm Union Green H, mmm @ OO0 B&C
el y
Green and Low-Carbon
Hydrogen Certification Low-carbon H, L L1 O . . O B&C
GreenH, .
?ﬁ;’"s‘t;‘; (non-transport) - . 00® e
CMS 70 Eo @9 mm- Mass
(transport)
Japan
Aichi Prefecture ~
e e e Low-carbon H, No threshold L1 1 | . O O . B&C
Certification
International
Green Hydrogen Organisation Green H, 1% L1 1 O O O o Not specified
Green Hydrogen Standard 3
th REDII methodology and may be updated once EU delegated act is finalised

Indicates
threshold value

Notes: ATR

Emissionsbilanzierung und -grenzwerte | Regina
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autothermal reforming; B&C

Power supply requirements

@ co -+ additionality
O GO required

pstream

se

book and claim; GO

O No GO/additionality specified

guarantee of origin; SMR

. Solar, wind
@ nucear

.Gl d (o

or uns

or hydro

"

fied) Elec

Hydrogen production pathway specified

Biogas SMR

steam methane reforming

23.05.2023
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IRENA: voluntary market mechanisms

NATIONAL EMISSIONS POWER SUPPLY HYDROGEN STATUS OF
COUNTRY/ HYDROGEN BOUNDARYAND  THRESHOLD REQUIREMENT FOR PRODUCTION REGULATORY REGULATORY
REGION STRATEGY SCOPE (SECTORS) (kgCO,eq/kgH,) ELECTROLYSIS PATHWAY MECHANISM MECHANISM
v v 4 v 4

;oo 7

v
To be implemented in

v
.- ‘ O ' BEIS Low Carbon 2022
Government (Energy) Hydrogen Standard  Certification scheme to
United of tlhe l‘:nited be developed by 2025
Kingcom UK thstrogen e UK Dept. for
Transport Renewable
Strategy P ‘ . oo0e ﬁa Bl Active
Obligation
Eronean Active
European | 1 1 | Y " New Delegated Act
C issi (Transport, energy) . . O O ‘ ﬁ gggwlssuon of RED Il 3roposed in
Union sfr ahgédg“’ggr”a May 2022
(Proposed) chmate-)llweutral Boundatvhot European
Europe spe cifl):e d . O Commission Active
EU Taxonomy
US Department of CHPS not yet finalised
- Energy H2Hubs draft H2Hubs criteria
v US Department (Tran-spc:en-ergy) ‘ O (may be adopted by requi(es 2 kgCOz/k_gH2
nited of Energy standard for clean H, at point of production
States National Clean production) to qualify
(Proposed) Hydrogen Strategy No threshold California Air
and Roadmap | 1 | | (Certificate issued Resources Board Low , ..o

(Transport) based on reduction

Carbon Fuel Standard

from annual target)

‘ cludes upstream  Power supply requirements
podctin (P coreuie
Indicates E O;\ GO/additionality specified
threshold value e

R = autothe

hal reforming; B&C = book and claim; GO = gua

- California only

I
change

SMR = steam mett
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Hydrogen production pathway specified
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