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ABSTRACT

Hydrogen can play an important role in a widespread transition to societies that 
emit low levels of greenhouse gases. However, “green” hydrogen—from renewable 
energy—and “blue” hydrogen—from fossil fuels with carbon capture and storage—
still face significant cost gaps compared to “brown” hydrogen. We propose a dedi-
cated institution that allows the Group of Twenty (G20) to coordinate national policy 
responses to support green and blue hydrogen applications, including support for 
“lighthouse” activities through, for example, bilateral collaboration under Article 6.2 of 
the Paris Agreement. This would accelerate the ramp-up of the global hydrogen mar-
ket. The G20 countries should assess and introduce policy instruments that support 
quick transformation to green hydrogen economies. Moreover, we propose a G20 pro-
gram to develop baseline and monitoring methodologies for generating emission 
credits under the market mechanisms of the Paris Agreement.

ــا فــي التحــول واســع النطــاق إلــى مجتمعــات منخفضــة انبعاثــات الغازات  يمكــن للهيدروجيــن أن يلعــب دوًرا مهمًّ
الدفيئــة. غيــر أن الهيدروجيــن "األخضــر" مــن الطاقــة المتجــددة والهيدروجيــن "األزرق" مــن الوقــود األحفــوري، 
ــي".  ــن "البن ــة بالهيدروجي ــة مقارن ــي التكلف ــرة ف ــوات كبي ــان فج ــزاالن يواجه ــه؛ ال ي ــون وتخزين ــس الكرب ــع حب م
ونقتــرح إنشــاء مؤسســة متخصصــة تســمح لمجموعــة العشــرين بتنســيق اســتجابات السياســة الوطنيــة لدعــم 
ــن  ــال، م ــبيل المث ــى س ــاد"، عل ــطة "اإلرش ــم أنش ــك دع ــي ذل ــا ف ــر واألزرق، بم ــن األخض ــتخدامات الهيدروجي اس
خــالل التعــاون الثنائــي. وينبغــي لــدول مجموعــة العشــرين تقييــم أدوات السياســة التــي تدعــم التحــول الســريع 
ــر  ــرين لتطوي ــة العش ــج لمجموع ــع برنام ــرح وض ــك، نقت ــى ذل ــالوة عل ــا. ع ــر وتبّنيه ــن األخض ــاد الهيدروجي القتص

منهجيــات خــط األســاس والمراقبــة لتوليــد أرصــدة لالنبعاثــات بموجــب آليــات الســوق فــي اتفاقيــة باريــس.
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CHALLENGE

While significant progress has been made in reducing the emissions intensity of the 
electricity generation sector, the mitigation of greenhouse gas (GHG) emissions by 
other sectors, particularly transport and heavy industry, is facing significant challeng-
es. Achieving the ambitious targets of the Paris Agreement requires an accelerated 
transition of these sectors to zero-carbon fuels. Moreover, for fossil fuel exporters to 
accept a stringent global response to the climate change threat, they need a new 
business model that is consistent with climate change mitigation (Michaelowa and 
Butzengeiger 2019). This business model can be built on hydrogen—an intermediate 
energy carrier that can easily be stored, shipped, and exported, by partially using ex-
isting gas infrastructure. Additionally, energy structures in consumer countries must 
be adjusted to facilitate the transition to green hydrogen economies. The Group of 
Twenty (G20) can play an important role in facilitating policy action in both hydrogen 
producing and consuming countries by creating a coordinating entity, implementing 
hydrogen lighthouse projects, and developing internationally accepted standards. 

Hydrogen can be produced through intermittent renewables such as solar and wind, 
in which significant potential exists for key fossil fuel exporters (“green” hydrogen). 
Alternatively, it can be produced by using hydrocarbons as feedstock (“brown” hy-
drogen) and then sequestering the carbon geologically (“blue” hydrogen), involving 
carbon capture and storage (CCS). 

Together, blue and green hydrogen can provide a powerful alternative to existing en-
ergy sources. However, the cost of green hydrogen is still three to ten times higher 
than that of brown hydrogen, while the cost of blue hydrogen is, on average, twice 
that of brown hydrogen. This cost gap must be eliminated to enable the replacement 
of GHG-emitting fossil fuels with a zero- or low-carbon energy carrier (on a life-cycle 
basis) and accelerate the transition of fossil fuel exporters to exporters of renewable 
energy in the form of green hydrogen. 

However, closing the cost gap requires a coordinated, integrated policy response that 
harnesses instruments under the United Nations Framework Convention on Climate 
Change (UNFCCC) as well as dedicated national policy instruments that generate de-
mand for green and, potentially, blue hydrogen. Such instruments must be designed 
to allow for the rapid development of hydrogen infrastructure, along with its ecosys-
tem of applications and end-users. One must consider that several G20 countries such 
as Germany and other countries of the European Union, clearly aim to limit hydrogen 
use to green hydrogen (Dezem and Parkin 2020). By contrast, countries such as the 
UK and the Netherlands aim to actively work with blue hydrogen as an intermediary 
solution (Gasunie and TenneT 2019).
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PROPOSAL

The International Energy Agency’s (IEA’s) landmark report on hydrogen, “The Fu-
ture of Hydrogen: Seizing Today’s Opportunities” (IEA 2019) provides a comprehen-
sive overview of the current status of hydrogen production, transport, storage, and 
economic perspectives. Given the vast low-cost hydrocarbon reserves in oil and gas 
producing countries, blue hydrogen can significantly contribute to global energy sys-
tems. Combining current brown hydrogen production capacity with CCS can quickly 
create a large quantity of blue hydrogen. Thus, it boosts the development of the value 
chain and new applications, while providing time and space for green hydrogen de-
ployment. The G20 brings together the key countries that could generate demand for 
green and blue hydrogen through dedicated policy instruments. For example, Japan 
aims to become a hydrogen-based society, while the European Union (EU) member 
states are implementing the “European Green Deal.”

The G20 countries have the technological capacity to upscale hydrogen technology. 
Moreover, the G20 can support efforts to agree on policy instruments under the UN-
FCCC, given its important role in various regional negotiation groups. Fossil fuel pro-
ducing countries will find opportunities to export a cleaner energy carrier from their 
vast low-cost hydrocarbon reserves and from renewable sources in the long term. 
Meanwhile, energy importing countries will drastically reduce their GHG emissions 
as they accelerate the deployment of green, and other renewable, sources. Thus, the 
G20 is an appropriate forum to spur the development of an integrated multi-level set 
of policy initiatives that enables the generation of revenue for activities that produce 
green and blue hydrogen.

Proposal I
G20 countries should coordinate the rapid ramp-up of a new global hydrogen 
market
To achieve the desired rapid ramp-up of a global hydrogen market, international co-
operation is fundamental, both in terms of political initiatives and standardizing tech-
nicalities.

This coordinative role can be assumed by either a new or an existing institution, for 
example, the IEA or the International Energy Forum (IEF), which can credibly repre-
sent the interests of all relevant actors: fossil fuel exporting countries, future hydrogen 
importing countries, and renewable energy producers. If a new institution is created, 
an International Hydrogen Economy Initiative (IHEI) can be established to serve as a 
policy coordination tool between hydrogen importers and exporters. Such an institu-
tion could develop its own dedicated niche, like the International Renewable Energy 
Agency (IRENA) did in the context of renewable energy.
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Initially, the institution/IHEI could focus on accelerating interactions between the Gulf 
region—and other potential suppliers such as Australia (see Bruce et al. 2018), Canada, 
Russia, and the USA—and Japan and the EU, who are likely to become key hydro-
gen importers in the next decade based on their self-defined energy policy targets. 
This could be achieved by supporting the development of long-term blue and green 
hydrogen delivery contracts that are linked to joint investment in the infrastructure 
needed to generate and transport the hydrogen. As the EU has announced a signifi-
cant strengthening of its nationally determined contribution (NDC) under the Paris 
Agreement and following the EU Commission’s “New Green Deal,” the role of hydro-
gen in achieving the EU’s mitigation target is becoming more important. The insti-
tution/IHEI could become a direct component of Saudi Arabia’s G20 presidency year 
strategy. 

The institution/IHEI should coordinate research and development on green and blue 
hydrogen and initiate new demonstration projects, which will be critical in advanc-
ing technologies to reduce production costs. In addition, it should define standards 
for the different hydrogen types and qualities, for example, maximum emissions 
for green and blue hydrogen (eventually differentiated into sub-categories such as 
“A-quality” and “B-quality”), considering the specific upstream emission profiles and 
long-term permanence. The set of standards should also include monitoring, report-
ing, and verification (MRV) requirements and safety standards for production, trans-
portation1, and storage.

The institution/IHEI could also study the design of national-level instruments that in-
centivize the production of green and blue hydrogen and test policies in its member 
states. This design should assess the extent to which policies should incentivize both 
producers and end-consumers to switch to green/blue hydrogen. An initial set of pos-
sible policies could be: 
1.  green hydrogen “feed-in” tariffs (i.e., price premiums for green hydrogen similar to 

renewable feed-in tariffs), 

2.  governmental subsidies covering the price differential between classical fuels and 
green/blue hydrogen, or 

3.  tax reduction for hydrogen types that stay below certain emission limits (e.g., 2 kg 
CO2/kgH2). 

1.      Including international marine transportation.

PROPOSAL
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In addition, further efforts are required to enable the commercial transport and stor-
age of hydrogen, lowering costs, and ensuring safety in all stages of the process. 
Hence, forward-looking policies should cover the entire supply chain; this would also 
help to address competitiveness issues, as lowering the cost of all elements of the 
supply chain will prevent competitive distortions.

Moreover, the institution/IHEI could develop a blueprint to provide long-term policy 
support for hydrogen. Any international coordination efforts should ensure that na-
tional sovereignty of all G20 member states Is respected, and that all international 
policies are non-discriminatory.

Proposal II
G20 countries are best positioned to develop “lighthouse” bilateral initiatives 
under the cooperative approaches of Article 6.2 of the Paris Agreement 
Such initiatives could build on the activities undertaken by Japan in the context of the 
Joint Crediting Mechanism (JCM) for bilateral collaboration on greenhouse gas mit-
igation. Japan and Saudi Arabia are already collaborating under the JCM and, thus, 
would be ideal candidates for the first activity, which could be mobilized before 2025 
and highlighted at COP 27 of the UNFCCC, to be held in 2022.

Other major economies, like several EU member states, have declared their interest 
in making use of bilateral agreements under the UNFCCC. Therefore, this might be 
an excellent opportunity to rethink and renew the economic collaboration between 
oil-exporting countries and Europe under a new, low-carbon umbrella, for even closer 
economic partnerships. The same applies to countries in other regions, such as China, 
India, Brazil, Indonesia, Mexico, and South Africa. 

Numerous countries around the world (including Eastern European and North Afri-
can countries) are already considering the ramp-up of their green hydrogen produc-
tion. Therefore, we see a window of opportunity over the next 1–2 years for first-movers 
to initiate new, long-term economic partnerships.

Proposal III 
G20 countries should coordinate a hydrogen program to develop baseline and 
monitoring methodologies for generating emission credits under international 
market mechanisms
To enable the generation of emission credits, baseline and monitoring methodolo-
gies for the use of green and blue hydrogen are required, in the context of the Paris 
Agreement’s Article 6.2 and 6.4 mechanisms. Key G20 countries should develop and 

PROPOSAL
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use such methodologies in the context of Article 6.2 pilots (Greiner et al. 2019) and 
then submit them to the Supervisory Body of Article 6.4 under the UNFCCC. Such 
methodologies are necessary to enable the generation of carbon credits and associ-
ated revenues. It should be noted that the bottom-up nature of Article 6.2 allows G20 
countries with different circumstances to experiment with innovative approaches 
that could be more difficult to gain consensus on under Article 6.4, which is subject to 
international rules. Methodologies should reflect both direct emissions (scope 1, e.g., 
CO2 emissions from reforming) and indirect emissions from the power sector (scope 
2, e.g., CO2 emissions from power production related to electrolysis). In addition, un-
certainties around the permanence of stored carbon must be reflected, similar to 
how it was done in the context of CCS/EOR activities under the Clean Development 
Mechanism (CDM) of the Kyoto Protocol. 

Experience from the CDM indicates that the development of internationally ap-
proved methodologies takes 2–3 years (including development, international review, 
revisions, and approval). Therefore, the process should be initiated with sufficient lead 
time. The development of methodologies provides a public good to any country, in-
cluding those outside of the G20 and, thus, helps to prevent imbalances regarding 
competitiveness.

Key Recommendations
1.  G20 countries should establish international coordination for a rapid ramp-up of the 

new global hydrogen market.

2.  G20 countries are best positioned to develop “lighthouse” bilateral initiatives under 
the cooperative approaches of Article 6.2 of the Paris Agreement.

3.  G20 countries should coordinate a program for the development of baseline and 
monitoring methodologies for generating emission credits under international 
market mechanisms.

PROPOSAL
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Disclaimer
This policy brief was developed and written by the authors and has undergone a peer 
review process. The views and opinions expressed in this policy brief are those of the 
authors and do not necessarily reflect the official policy or position of the authors’ 
organizations or the T20 Secretariat.
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Overview of brown, green, and blue hydrogen technologies
Both green and blue hydrogen avoid “downstream emissions,” that is, GHG emissions 
at the point of utilization, and enable the improvement of air quality, particularly at 
the consumption point in populated areas (e.g., transportation). They differ regarding 
upstream emission profiles. In the case of blue hydrogen, GHG emissions occur from 
CCS (energy consumption required for the capture and storage of carbon) and the 
residual risk that the storage may not be permanent (referred to as “seepage”). In 
the case of green hydrogen, one needs to ensure that electrolyzers are operated only 
with green electricity. If electrolyzers are driven with grid electricity, which typically 
includes a mix of fuels, including fossil fuels, the resulting hydrogen is no longer 100% 
green. Green hydrogen infrastructure can also provide grid stabilization services 
(peak management and frequency stabilization). 

Brown hydrogen
Brown hydrogen results from the transformation of fossil fuels—either natural gas, 
oil, or coal. It involves several possible processes, in which technologies extract the 
hydrogen molecules from the hydrocarbon molecules, along with their carbon 
content in the form of CO2 gas. The most common processes are Steam Methane 
Reforming (SMR), coal gasification, and autothermal reforming. The quantity of 
CO2 emitted varies with the hydrocarbon used and the transformation process but 
generally reaches between 10 to 20 kg CO2/kgH2.

Blue hydrogen
Blue hydrogen results from the combination of a brown hydrogen source with CCS, for 
which multiple technologies are available. Within the energy value chain, CCS applied 
in hydrogen production is considered as “pre-combustion capture,” where carbon is 
removed from fossil fuel to create hydrogen. Following onsite capture, carbon can be 
transported through pipelines or ships and later stored in underground geological 
storage (e.g., depleted oil and gas fields). The carbon can also be used for further 
processes, such as chemical feedstock (e.g., for methanol or liquid fuels synthesis), 
enhanced oil recovery (EOR), or agriculture. It should be noted that in the “use” cases, 
emissions are not completely avoided but reduced by different degrees.

CCS can be deployed at different stages of the end-to-end production and purification 
process. Several technologies are available, such as amine capture and membrane 
separation. Although blue hydrogen technologies are mature, they are not yet 
deployed on an industrial scale. The quantity of CO2 emitted from blue hydrogen-
related operations is estimated to be between 1 to 5 kg CO2/kgH2.

APPENDIX A
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Green hydrogen
Green hydrogen mostly relies on electrolysis technologies, involving an electrochemical 
reaction, whereby electrical energy allows a water molecule to be split to produce 
hydrogen and dioxygen. Assuming that carbon-free power sources are used in 
the production process (e.g., renewable sources), there are limited CO2 emissions 
associated with green hydrogen production.

Three main electrolysis technologies are available: alkaline electrolysis (AE), proton 
exchange membrane (PEM), and solid oxide electrolysis cell (SOEC). AE is a proven 
technology that has already been deployed at a large scale by the chlorine production 
industry. PM has been deployed in various countries, while SOEC is still at early stage. 
Green hydrogen generates lifecycle emissions of 1–2 kg CO2/kgH2.

APPENDIX A
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Comparison between the production costs of brown, green, and blue hydrogen
Both green and blue hydrogen costs are expected to decline and close the gap with 
brown sources by 2030, as shown in Figure B1. Thereafter, green sources are projected 
to become more competitive than blue sources by around 2050 (Figure B2).

APPENDIX B
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Figure B1. LCOH evolution (USD/kg, min–max) 

Notes: Ranges are indicative. LCOH highly depends on fossil fuel prices, electricity prices, and asset 
utilization. 

Source: Kearney Energy Transition Institute (2020). 
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Figure B2. Levelized cost of Hydrogen (USD per kg H2) 

Notes: Electrolyzer costs: USD 770 per kW (2020), USD 540 per kW (2030), USD 435 per kW (2040), and 
USD 370 per kW (2050). CO2 prices: USD 50 per ton (2030), USD 100 per ton (2040), and USD 200 per ton 
(2050). 

Source: IRENA (2020) 
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Table C1. Advantages and disadvantages of blue and green hydrogen 

 
 Advantages Disadvantages 

 
 

Blue 
hydroge

n 

● Low unit cost (USD per kg of H2) 
● Potentially high production capacity 

in the short term 
● Leverage of existing infrastructure 

(natural gas storage and transport 
network) 

● Smooth transition for the fossil fuel 
industry 

● Requirements of Carbon Capture and 
Storage capacities 

● Possible public acceptance issues 

 
 

Green 
hydroge

n 

● Storage of excess renewable power 
output 

● Possibility of distributed generation 
of H2 (e.g., electrolysis plants in 
remote locations) 

● Support the development of local 
economies and ecosystems 

● No management of CO2 storage 
 

● High unit cost (USD per kg of H2) 
● Limited global production capacity in 

the short term 
● Access to permanent green electricity 

sources (i.e., that are decarbonized and 
allow a load factor of ~90%) 

 
 
Appendix D 
Current global hydrogen production 
Approximately 118 Mt of hydrogen were produced in 2018, mainly from fossil fuels 
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APPENDIX C

Advantages Disadvantages

Blue hydrogen • Low unit cost (USD per kg of H2)
•  Potentially high production 

capacity in the short term
•  Leverage of existing 

infrastructure (natural gas 
storage and transport network)

•  Smooth transition for the fossil 
fuel industry

•  Requirements of carbon capture 
and storage capacities

•  Possible public acceptance issues

Green hydrogen •  Storage of excess renewable 
power output

•  Possibility of distributed 
generation of H2 (e.g., electrolysis 
plants in remote locations)

•  Support the development of local 
economies and ecosystems

•  No management of CO2 storage

High unit cost (USD per kg of H2)
•  Limited global production 

capacity in the short term
•  Access to permanent green 

electricity sources (i.e., that are 
decarbonized and allow a load 
factor of ~90%)
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Current global hydrogen production

Approximately 118 Mt of hydrogen were produced in 2018, mainly from fossil fuels (see 
Figure D1).
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Figure D1. Global hydrogen production (2018, Mt H2, % of global production) 

 
1 1 Mtoe = 0.35 Mt H2 
2 35% of refinery H2 needs come as a by-product. 
3 World chlorine production: about 100 Mt per year – ratio of 1/35 tH2/tCl2 

Sources: IEA (2019); Kearney Energy Transition Institute (2020). 
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Projection of global hydrogen demand in 2050 
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APPENDIX E

Projection of global hydrogen demand in 2050

Hydrogen demand could reach approximately 540 Mt per year by 2050 
(see Figure E1). 
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Figure E1. Possible hydrogen consumption by 2050 (pure hydrogen, MtH2) 

Sources: Kearney Energy Transition Institute (2020). 

 

Figure E1: Possible hydrogen consumption by 2050 (pure hydrogen, MtH2)

Source: Kearney Energy Transition Institute (2020).
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