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EXECUTIVE SUMMARY

Climate change is a key risk factor that needs to be tackled in order to reduce uncertainty in 
the global development scenario, protect people and the environment, and support the green 
and digital recovery.

In that regard, the UN Climate Change Conference UK 2021 (COP 26) released the “Glasgow 
Climate Pact”, that is crucial to speed up actions towards the Paris Agreement objectives and 
the Sustainable Development Goals (SDG).

Given that scenario, it is highlighted in this document, the energy sector role to cope with 
the climate change threat, specifically focusing on a “new” energy carrier, green hydrogen 
and related hydrogen valley model.

It is also highlighted the paramount role of international cooperation for hydrogen market 
penetration, in global and local scales. This document focuses on the potential cooperation 
between Brazil and European Countries on the hydrogen market and hydrogen valley related 
model.

These kind of territorial innovation ecosystems – Hydrogen Valleys –, are embedded into 
a broader and strategic approach that the European Union is supporting as a key element 
for implementing sustainable development and digital transformation goals. Which is, Smart 
Specialization Strategies for Sustainability (S4).

It is relevant and possible to seize opportunities between Brazil and European countries 
through the cooperation on the Hydrogen valley model in a S4 approach. In fact, the 
hydrogen market stage in Brazil is in between the technological readiness and market 
penetration stages, while the European market is experiencing an initial market penetration 
phase. So, Brazil needs to scale-up its hydrogen market and Europe can help with policy, 
innovation, technological, and financial terms. Conversely, Brazil represents an innovation, 
industrial, commercial and trade opportunity for Europe. The Hydrogen valley model is 
strategic, and so it is, to boost hydrogen market penetration in the short and medium 
terms in both regions.

Finally, Brazil and Europe cooperation could be a strategic partnership to shape a 
prominent and innovative market – hydrogen market – to help address climate change targets 
and keep competitiveness over time.
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In post-covid era, economies around the world are putting all the efforts to conceive and 
deploy a green and digital recovery for the sake of the whole population, natural ecosystems 
and economy. Within such scenario, in 2021 the Intergovernmental Panel on Climate Change 
(IPCC) published partial results1  of the “Sixth Assessment Report AR6”, that confirm AR5 vision 
on the role of anthropogenic factors for climate change, together with natural drivers. According to 
IPCC (2021), “global warming of 1.5°C and 2°C will be exceeded during the 21st century unless 
deep reductions in CO2 and other greenhouse gas emissions occur in the coming decades”.

Figure 1 – Human influence has warmed the climate
 at a rate that is unprecedented in at least the last 2000 years

Source: IPCC 2021

Furthermore, “The Global Risks Report 2021” of World Economic Forum (WEO) reaffirmed 
environmental risks as a priority. In fact, within the top global risks by impact, “Climate action failure”2  
is the second risk, just after “Infectious diseases”. In the third, fourth and fifth position, there are 
“Weapons of mass destruction”, “Biodiversity Loss” and “Natural Resources Crises”, respectively. 

1 The IPCC is currently in its Sixth Assessment cycle, during which the IPCC will produce the Assessment reports of its 
three Working Groups, three Special Reports, a refinement to the methodology report and the Synthesis Report. The Synthesis 
Report will be the last of the AR6 products, due for release in 2022. For more information, please visit https://www.ipcc.ch/report/
sixth-assessment-report-cycle/.
2 Climate action failure: Failure of governments and businesses to enforce, enact or invest in effective climate-change adaptation 
and mitigation measures, preserve ecosystems, protect populations and transition to a carbon-neutral economy; Biodiversity loss 
and ecosystem collapse: Irreversible consequences for the environment, humankind, and economic activity, and a permanent 
destruction of natural capital, as a result of species extinction and/or reduction. Natural resource crises: Chemical, food, mineral, 
water or other natural resource crises at a global scale as a result of human overexploitation and/or mismanagement of critical 
natural resources; Extreme weather events: Loss of human life, damage to ecosystems, destruction of property and/or financial 
loss at a global scale as a result of extreme weather events: cold fronts, fires, floods, heat waves, windstorms etc.; Human-
made environmental damage: Loss of human life, financial loss and/or damage to ecosystems as a result of human activity 
and/or failure to co-exist with animal ecosystems: deregulation of protected areas, industrial accidents, oil spills, radioactive 
contamination, wildlife trade etc. (WEF 2021).
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In the third, fourth and fifth position, there are “Weapons of mass destruction”, “Biodiversity 
Loss” and “Natural Resources Crises”, respectively. In terms of top global risks by likelihood 
“Extreme Weather”, “Climate Action failure”, “Human Environmental damage” are in 
the first, second and third positions, correspondingly. We are facing, then, looming 
environmental risks that have to be minimized and avoided.

Figure 2 – Global Risks Landscape 

Source: WEF 2021

Thus, climate change is a key risk factor that needs to be tackled in order to reduce uncertainty 
in the global development scenario, protect people and the environment, and support the green 
and digital recovery.

8
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In that regard, UN Climate Change Conference UK 2021 (COP 26)3  released the “Glasgow 
Climate Pact”, that is crucial to speed up actions towards Paris Agreement objectives and 
Sustainable Development Goals (SDG).

In general terms, COP26 mitigation outcome confirmed the agreement of the Parties on 
keeping 1.5°C target alive and to speed nations pledge to reduce 45% global emission 
from 2010 levels by 2030 and to keep down to net-zero emission by 2050. Moreover, 
the conference finalized the “Paris Rulebook”, key instrument to implement the Paris 
Agreement and not defined so far.

At the same time, the Parties agreed on Paris Agreement Article 6 related to carbon 
pricing framework. Another relevant issue that has been dealt to fight climate change    
– that too it was undefined – is the definition of the “Adaptation” goal throughout the 
2-year Glasgow-Sharm el Sheikh Work Programme on the Global Goal on Adaptation 
(The GlaSS).

Furthermore, in terms of adaptation finance is worth to mention the call for “developed 
country Parties to at least double their collective provision of climate finance for adaptation 
to developing country Parties from 2019 levels by 2025” (COP26, 2021), in order to get 
the US$100 Billion Goal agreed in 2009 and extended through to 2025 at Paris (2015). 
This goal was set to mobilize $100bn of climate finance a year by 2020 for developing 
countries from a range of sources (idem), but unfortunately by now it was not achieved4. 

Given that scenario, the energy sector has a key role to cope with climate change 
threat. As a matter of fact, according to International Energy Agency (IEA) (2021b) “the 
energy sector is the source of around three quarters of greenhouse gas emissions today 
and holds the key to averting the worst effects of climate change, perhaps the greatest 
challenge humankind has faced”.

At the same time, the energy sector is currently experiencing a unique momentum of 
transformation towards a clean, efficient, secure and affordable energy matrix, the so 
called “energy transition”. Such transformative changes are occurring in multi-stage 
fashion and imply several technological, economic, social and environmental challenges 
to deal with. The contribution of all set of renewable sources and technologies have to 
be supported and used, while phasing out fossil fuels energy sources.

3  Please visit https://ukcop26.org/
4 The text here elaborated describes key COP 26 results. In order to get more information on other several issues treated and 
agreed in the conference please visit the following website: https://ukcop26.org/

https://ukcop26.org/
https://ukcop26.org/
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IEA statistics5 show that “renewable energy use increased 3% in 2020 as demand for all 
other fuels declined. The primary driver was an almost 7% growth in electricity generation 
from renewable sources”. Nevertheless, IEA (2021) continues affirming that “demand for 
all fossil fuels is set to grow significantly in 2021. Coal demand alone is projected to 
increase by 60% more than all renewables combined, underpinning a rise in emissions 
of almost 5%, or 1500 Mt.”.

Moreover, IEA (2021) depicts that:

In 2021 global energy-related CO2 emissions are projected to rebound 

and grow by 4.8% as demand for coal, oil and gas rebounds with the 

economy. The increase of over 1500 Mt CO2 would be the largest single 

increase since the carbon intensive economic recovery from the global 

financial crisis more than a decade ago, it leaves global emissions in 

2021 around 400 Mt CO2, or 1.2%, below the 2019 peak.

Figure 3 – Global energy-related CO2 emissions, 1990-2021 

Source: IEA 2021

In that regard, for the first time in history a United Nations Climate Change Conference 
– COP26 – recognized the role of coal and fossil fuels as climate change drivers. So, 
the conference determined to phase-out unbated coal power and inefficient fossil fuel 
subsidies (UN 2021) in a just transition manner.

5 Please visit https://www.iea.org/reports/global-energy-review-2021

https://www.iea.org/reports/global-energy-review-2021
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Figure 4 – Cumulative Global CO2 Emissions: Shares

Source: https://robbieandrew.github.io/GCB2021/index.html

This “new” global understanding will deeply transform energy markets in the coming 
years and it calls for a new and strong role of innovative climate energy actions, such as 
hydrogen, as well as already market consolidated renewable energy technologies.

Indeed, according to IEA (2021b) reaching net zero by 2050 “requires further rapid 
deployment of available technologies as well as widespread use of technologies that are 
not on the market yet”. IEA continues by affirming that “the biggest innovation opportunities 
concern advanced batteries, hydrogen electrolysers, and direct air capture and storage. 
Together, these three technology areas make vital contributions the reductions in CO2 
emissions between 2030 and 2050 in our pathway”.

 https://robbieandrew.github.io/GCB2021/index.html 
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Figure 5 – Annual global energy consumption per capita

Source: https://robbieandrew.github.io/GCB2021/index.html 

Additionally, there is a relevant initiative that further fosters hydrogen development, “The 
Glasgow Breakthrough”6. Such agenda sets ambitious goals for 2030 in five key sectors 
– Power, Road Transport, Steel, Hydrogen and Agriculture – to help keep 1.5°C in reach. 
With respect to Hydrogen the Agenda pinpoints that:

More than 20 countries had planned hydrogen strategies as of October 

2021, and the sector has announced more than 350 projects in 

development. Globally, governments have committed more than USD 37 

billion in public funding to hydrogen development, while the private sector 

has announced an investment of a further USD 300 billion. But global 

spending on hydrogen energy research, development and demonstration 

remains lower than its peak in 2008: current international action on 

hydrogen must go further, faster, to help deliver on the 1.5°C climate 

target. This Breakthrough creates actions for governments to coordinate 

on rapidly scaling up and rolling out the technology, such as investment 

to accelerate industrial carbon capture and hydrogen, bridging the gap 

between industrial energy costs from gas and hydrogen and helping 

green hydrogen projects get off the ground.

6 The first set of government-led Breakthroughs coincides with COP26 and is called the Glasgow Breakthroughs: a series of 
actions across five key economic sectors that together represent more than 50% of global emissions. Any country can lead its 
own Breakthroughs and there are also business-led commitments, such as the 2030 Breakthroughs, all of which contribute 
to The Breakthrough Agenda. To get more information, please visit the following website https://racetozero.unfccc.int/system/
glasgow-breakthroughs/

https://robbieandrew.github.io/GCB2021/index.html 
https://racetozero.unfccc.int/system/glasgow-breakthroughs/
https://racetozero.unfccc.int/system/glasgow-breakthroughs/
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The journey to a clean, efficient, secure and affordable energy transition is 
undergoing and it will last for a long a time. It needs stakeholders’ efforts in order 
to really deploy sustainable innovations in the energy market. One of the promising 
innovations, that can contribute to enhance such challenging energy scenario is 
hydrogen, specifically green hydrogen and related hydrogen valley model. 

The next chapters will focus on the: 

• Role of hydrogen in the green transition and the relevance of international 
cooperation to foster hydrogen market, focusing on the relation between 
Brazil and Europe: “Hydrogen Matters for Green Transition”;

• Strategic innovation and sustainable model of hydrogen production 
and consumption, which are “Hydrogen Valleys” in Europe: “European 
Hydrogen Valleys”; 

• Strategies, experiences and market issues related to hydrogen in Brazil: 
“The Brazilian Hydrogen Move”; 

• Strategic potentialities and opportunities of the cooperation between 
Brazil and EU in the hydrogen sector to help reach 1.5°C target: “Brazil 
and EU Cooperation for Hydrogen”.





Hydrogen is a chemical element, discovered in 1766 by Henry Cavendish, that is 
now enjoying a positive momentum in the energy market. Hydrogen has had several 
waves of interest in the past, mostly due to oil prices spikes, worries about the oil peak 
and research on alternative fuels. Nowadays, we are living a new interest wave.

As a matter of fact, as an energy carrier, hydrogen has several positive features that are 
increasing stakeholders’ interest around the world. In fact, hydrogen can be:

• Produced by different energy sources and technologies;
• Used in several sectors and applications;
• Stored and transported in a stable way;
• Combined with other elements;
• Used as a feedstock in industry.

Moreover, it is considered a low-carbon energy carrier that can strongly contribute to 
fight climate change. Nevertheless, it depends on the way it is produced. For instance, 
upstream production with renewable energies and an electrolysis process of generation, 
will provide a “green hydrogen”; while “grey hydrogen” is produced, if the energy input is 
a fossil fuel without carbon capture.

In that regard, even though there is no unique standard on hydrogen classification, a 
common color code nomenclature is becoming used in the market to refer to different 
sources of production. Thus, according to the International Renewable Energy Agency 
- IRENA (2020) there are:

• Grey Hydrogen: produced from fossil fuels (methane or coal) with SMR 
(steam methane reforming) or gasification production process;

• Blue Hydrogen: produced from fossil fuels (methane or coal) with SMR or 
gasification with carbon capture; 

• Turquoise Hydrogen: combines the use of natural gas as feedstock with 
no CO2 production, using pyrolysis process; 

• Green Hydrogen: hydrogen produced from renewable energy through the 
established technology option of water electrolysis7.

7  There are other technological paths that can be used to get the green hydrogen, such as physicochemical or biochemical 
processes. Please find more information in the following document “Bases para a Consolidação da Estratégia Brasileira do 
Hidrogênio, 2021, EPE, MME.

CHAPTER 2: 
HYDROGEN MATTERS FOR GREEN TRANSITION
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Figure 6 – Hydrogen Shades

Source: FGV Europe, adapted IRENA (2020)

As reported by IRENA (2020), current hydrogen production is mostly based on natural 
gas and coal (95% of production) and 5% is derived by electrolysis as a by-product 
from chlorine production. Furthermore, today’s hydrogen output is mainly used for crude 
oil refining, ammonia and methanol synthesis (75% of the combined pure and mixed 
hydrogen demand). Thus, there is a major grey and blue production and a low insertion 
of green hydrogen in strategic sectors to contribute to fight climate change.

However, within such scenario, global interest – governments and market players – is 
now focusing on “green hydrogen” due to its sustainable features (net-zero route) 
and cost-technical enhancement (lowering costs and technological improvement). 
Such energy carrier is crucial for the green transition of current economies, 
contributing to decarbonise industries that nowadays are using massively fossil 
fuels.

Indeed, economies are facing the green transition where the energy sector has a pivotal 
role. Green hydrogen, with its potentialities and challenges, is a strong ally to reduce 
green gas emissions and foster innovation. Hence, IRENA (2020) affirms:

Converting to green hydrogen can significantly reduce carbon emissions 

from the industrial sector, which is currently responsible for about one-

quarter of all energy-related CO2 emissions (or 8.4 GtCO2/yr). Four 

industries in particular – iron and steel, chemicals and petrochemicals, 

cement and lime, and aluminum – account for around three quarters of 

total industrial emissions (IRENA,2020b).

16



Thus, green hydrogen development can contribute to fight climate change while assuring 
energy security and resilience, due to energy carrier characteristics. Governments and 
markets have to work together to scale-up such innovative solution in the energy market, 
and the next ten years are absolutely critical (IEA 2019).

Green hydrogen novel market is currently gaining momentum and according to IRENA 
(2020) there are six main drivers:

1. Low variable renewable energy (VRE) electricity costs: renewable 
electricity costs are constantly decreasing, turning this option more and 
more attractive; 

2. Technologies ready to scale up: hydrolysis production costs are falling 
since 2010, giving a new scenario to market growth; 

3. Benefits for the power system: hydrogen is a flexible energy carrier due to 
its storage characteristic, which can stabilize renewable energy volatility; 

4. Government objectives for net-zero energy systems: green hydrogen is 
crucial to reach Paris Agreement and Sustainable Development Goals 
(SDG), and in line with the results of COP 26. In fact, states are running 
to cope with such environmental threat, conceiving ambitious emission 
reduction goals, and green hydrogen could be a strong ally. Green 
hydrogen can play a key role in decarbonizing hard-to-abate sectors8 such 
as steel, cement, chemicals, heat for buildings, long-haul road transport, 
maritime shipping and aviation;

5. Interest of multiple stakeholders: all these points have risen market 
players and government bodies interest for green hydrogen.

In terms of green hydrogen value chain, it is clear how the energy carrier is a key 
element for the energy transition due to its flexibility and versatility. Green hydrogen is 
produced by renewable energies and it can be transported by different carriers and also 
be stored. After that, it can be used in several key industries. Moreover, green hydrogen 
can be combined with CO2 to generate synthetic fuels or with nitrogen to create green 
ammonia (Figure 7).

8 A key element to highlight, is the option to use green hydrogen in hard-to-abate industries, that are currently fueled by fossil 
fuels and not electricity. As matter of fact, IEA (2019) pinpoints that “four-fifths of total final energy demand by end users today is 
for carbon-containing fuels, not electricity. In addition, much of the raw material for chemicals and other products contains carbon 
today and generate CO2 emissions during their processing”. Hard-to-abate sectors such as steel, cement, chemicals, heat for 
buildings, long-haul road transport, maritime shipping and aviation, might be transformed in more sustainable industries through 
the multiples uses of green hydrogen.
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Figure 7 – Green Hydrogen Value Chain

Source: IRENA (2020), adapted FGV

IRENA (2020) pinpoints that is crucial to decide which application should be prioritized, 
as a policy decision: “Policy makers should identify the highest-value applications for a 
given amount of green hydrogen, in order to focus their policy efforts where they could 
provide the most immediate advantages and enable economies of scale”. For example, 
continues the institution, “one potential role for green hydrogen policy is to support and 
then accelerate a shift to green hydrogen in industrial applications where hydrogen is 
already used, such as refining and the production of ammonia and methanol (IRENA, 
2020)”.

Nevertheless, green hydrogen needs to overcome some challenging barriers in order to 
scale up in the market. IRENA (2020) lists the following barriers:

1. High production costs: in 2019 the cost of producing green hydrogen using renewable 
energies is on average two or three times more expensive than grey hydrogen. Also, 
if taking into account end use technologies, adopting green hydrogen utilization can 
be expensive. For instance, fuel cells and hydrogen tanks costs are at least 1.5 to 
2 times than fossil fuel technology (The National Renewable Energy Laboratory - 
NREL, 2020). In the aviation industry, too, synthetic fuels are up to eight times more 
costly than fossil fuel jets (IRENA, 2019a);
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2. Lack of dedicated infrastructure: even though hydrogen can use existing 
infrastructure, there are some challenges to be considered. Hydrogen production 
used to be made in a decentralized manner. So, current transmission pipelines 
(5.000 km) are low in comparison with existing natural gas infrastructure (3 million 
km), globally speaking (Hydrogen Analysis Resource Center, 2016). The same 
is true for refueling stations around the world. Hydrogen has 470, and gasoline 
and diesel are 200.000 in the United States and Europe (Advanced Fuel Cells 
Technology Collaboration Programme - AFC TCP, 2020). Moreover, reusing existing 
natural gas infrastructure, is a real option, though it needs further investment to 
expand and adapt (retrofitting);

3. Energy Losses: throughout the green hydrogen value chain, significant energy 
losses occur. For instance, 30-35% of the energy used to produce hydrogen through 
electrolysis is lost (IRENA, 2020). Furthermore, the conversion of green hydrogen 
into other energy carriers, like ammonia, can result in 13-25% energy loss; even the 
transportation of hydrogen demands additional energy inputs, on average 10-12% 
of the energy of the hydrogen itself (BNEF, 2020; Staffell et al., 2018; Ikäheimo et 
al., 2017). Fuel cells use can also lead to an additional 40–50% energy loss. The 
key point, according to IRENA, is the higher the energy loss, the higher the need 
to produce green hydrogen. Thus, it has to be considered if the solar and wind 
production development pace is enough to meet the needs for both electrification 
of end uses, global green supply chain development and the cost of additional 
capacity;

4. Lack of value recognition: the market for green hydrogen and its final uses are 
still in an incipient phase. In fact, IRENA (2020) affirms that there is “no green 
hydrogen market, no green steel, no green shipping fuel and basically no valuation 
of the lower GHG emissions that green hydrogen can deliver”. Furthermore, the 
agency asserts that “hydrogen is not even counted in official energy statistics of 
total final energy consumption, and there are no internationally recognized ways of 
differentiating green from grey hydrogen”;

5. Need to ensure sustainability: green hydrogen is produced by renewable energies, 
and such feature gives it a sustainability characteristic. However, if electrolysis 
is realized from the use of electric grid or the mix with renewable energies, it is 
possible that the energy produced stems from fossil fuels too. Therefore, it needs 
to consider origin lifecycle emissions to evaluate sustainability aspects of green 
hydrogen.
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Figure 8 – Green Hydrogen Drivers and Barriers

Source: IRENA 2020, figure made by FGV

Given the above information, it is now possible to give a strategic positioning of the 
green hydrogen market, in general terms. Using policy stage approach9 (IRENA, 2020)  
Stage 1 Technology readiness, Stage 2 Market penetration and Stage 3 Market growth,  
green hydrogen positioning is at the first stage and, in some countries or industries, is 
performing in the second stage.

Hence, the technology is ready to be used, though is facing technological, market and 
institutional barriers that have to be overcome through research and development 
investments, regulation enhancement, economic incentives and market fostering. Some 
regions though, like Europe, are experiencing industrial cases that are going beyond 
demonstrational cases but are conceiving investment-ready projects, that have the 
potential to scale up (i.e. hydrogen valleys).

9 According to IRENA (2020) there are three policy stages, as follow: 1. Technology Readiness: At this stage, green hydrogen 
is a niche technology with little use except in demonstration projects; it is mostly produced on-site with limited infrastructure 
development. The largest barrier to greater use is cost. The main role of policy makers is to encourage and accelerate further 
deployment of electrolysers.2. Market Penetration: At this stage, some applications are operational and able to prove what 
green hydrogen can do and at what cost. Scaling up these technologies and developing experience through learning-by-doing 
reduces costs and helps close the profitability gap. This stage also begins to see benefits from synergies between applications, 
increasing hydrogen demand and realising economies of scale for production and infrastructure. These synergies can take place 
in industrial clusters, hydrogen valleys (e.g. cities) or hubs (e.g. ports).3. Market Growth: At this stage, green hydrogen becomes 
a well-known and widely used energy carrier and is close to reaching its full potential. It has become competitive both on the 
supply side and in its end uses. Direct incentives are no longer needed for most applications and private capital has replaced 
public support in driving hydrogen growth. There is full flexibility in converting hydrogen to other energy carriers, making it 
possible to use the most convenient alternative depending on the specific conditions in each region. The power system has been 
decarbonised and only green hydrogen is being deployed. Most natural gas infrastructure has been repurposed to transport pure 
hydrogen. For further information, please read IRENA (2020).
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Figure 9 – Policy Stages and Green Hydrogen Market Positioning

Source: FGV

In order to foster green hydrogen market penetration, it is worth to highlight the 
role of international cooperation. Such partnerships could mutually benefit countries 
by identifying and deploying projects that consider technological transfer and absorption, 
best practices exchanges, sustainable finance, capacity building and international trade 
(import/export). Such activities and initiatives have the potential to contribute to trigger 
off green hydrogen market in a cooperation perspective.

The focus is on the potential cooperation between Brazil and European Countries 
on the hydrogen market and hydrogen valley related model. Indeed, WEF (2021) 
pinpoints that, given the actual geopolitical context, middle powers can exercise leadership 
to reinforce global resilience. Hence, partnerships with great powers countries can be 
very beneficial for green hydrogen market development.

Thus, Brazil has a key role to play in the novel green hydrogen market in partnership 
with European countries, where such industries can give relevant insights. Conversely 
Europe could benefit with Brazil partnership in innovation and commercial terms.

The next chapter will expand on the European experiences in green hydrogen market, 
specifically the hydrogen valleys model. The following chapter will describe Brazil green 
hydrogen market. Lastly, the final chapter will explain Brazil-European relations on such 
market.
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The sustainability paradigm is creating new markets to reach sustainable development 
levels globally and locally. The sustainable energy carrier, green hydrogen, is one of 
them and is experiencing a positive momentum.

Its development is occurring in a multi-speed fashion, where some territories are testing 
technologies and others are in a more advanced stage, beginning a market penetration 
stage10. This is the case of European economies11 with the model of “Hydrogen Valleys”. 
Such experiences will help “EU’s commitment12 to reach carbon neutrality by 2050  
13and for the global effort to implement the Paris Agreement while working towards zero 
pollution” (EC, 2020).

In fact, Weichenhain et al. (2021) affirm that “moving beyond mere piloting and 
demonstration activities, Hydrogen Valleys are the pioneers of this market and ultimately 
the stepping stone towards the full rollout of a new hydrogen economy – and the 
industrialization of the associated technologies simultaneously”.

But what is a “Hydrogen Valley”? As usual, a new concept has several ways to be defined, 
literature is still debating and conceiving its definition. Debating on its definition, is out 
of the scope of this article.

On the other way, it is possible to highlight relevant elements that make a Hydrogen 
Valley, elements that are observed in several ongoing cases. It is worth to note, though, 
that Hydrogen Valleys model has to be adapted to the territories’ characteristics, there is 
no “one-size-fits all” model. 

Given that, according to Weichenhain et al. (2021), there are four key elements that a 
Hydrogen Valley must possess (Figure 10).

10 Please see Chapter 2.
11 It is worth to note, though, that Hydrogen Valley experiences are occurring already in a global scale, in countries such as 
United States, Japan, China, Australia, Chile, Oman, Thailand, United Kingdom. Please read Weichenhain et al. (2021).
12 Please find more information here: https://ec.europa.eu/clima/eu-action/european-green-deal/european-climate-law_en
13 In the first phase, from 2020 up to 2024, the strategic objective is to install at least 6 GW of renewable hydrogen electrolysers 
in the EU and the production of up to 1 million tonnes of renewable hydrogen, to decarbonise existing hydrogen production… In 
a second phase, from 2025 to 2030, hydrogen needs to become an intrinsic part of an integrated energy system with a strategic 
objective to install at least 40 GW of renewable hydrogen electrolysers by 2030 and the production of up to 10 million tonnes 
of renewable hydrogen in the EU … In a third phase, from 2030 onwards and towards 2050, renewable hydrogen technologies 
should reach maturity and be deployed at large scale to reach all hard-to-decarbonise sectors where other alternatives might not 
be feasible or have higher costs (EC, 2020).
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Figure 10 – Hydrogen Valley Concept

Source: Weichenhain et al. (2021), FGV adaptation

The first element is “Large in Scale”. Thus, the Hydrogen Valley has to invest in two-digit 
million EUR investment, in order to go beyond demonstration projects. Furthermore, 
hydrogen valley investments also include a set of “subprojects”, constituting a projects 
portfolio. The second element is “High Value Chain Coverage”. This factor considers 
that the projects cover the whole range of hydrogen value chain phases – Production, 
Transformation, Transportation and End Use. The third element is “Geographically 
Defined Scope”. The Hydrogen value chain occurs in a specific and limited geographical 
area, a territory.

The fourth element is “Supply of more than a Sector”. Due to hydrogen multiple-uses 
characteristic, the hydrogen valley is conceived by identifying several hydrogen end 
uses, attending territorial demand.

Hence, Hydrogen Valleys are territorial innovation ecosystems that leverage 
endowments, capabilities, infrastructures, resources, technologies and assets through 
a set of heterogeneous of stakeholders – public, private, civil society and academy – in 
order to produce, transform, transport and use green hydrogen, in favor of sustainable 
development, in line with local and global needs. It is possible to argue that such concept 
“aims to enable the emergence of locally integrated hydrogen ecosystems for climate 
change mitigation and regional economic development” (Weichenhain et al. 2021).
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A peculiar aspect that has to be highlighted about Hydrogen Valleys, is the one of 
Smart Specialization approach. In fact, the “European Hydrogen Valleys partnership” 
(EHV), an initiative launched in 2017, was established under the “Smart Specialization 
for Industrial Modernization” framework of the European Commission14. Moreover, the 
Smart Specialization Platform15 considers “Energy” as a key thematic area for Smart 
Specialization initiatives, where hydrogen is part of that16.

But what is Smart Specialization? How it fits with Hydrogen Valley Model for Sustainable 
Development?

The Smart Specialization Platform defines Smart Specialization17 as a “place-based 
approach characterized by the identification of strategic areas for intervention based both 
on the analysis of the strengths and potential of the economy and on an Entrepreneurial 
Discovery Process (EDP) with wide stakeholder involvement. It is outward-looking and 
embraces a broad view of innovation including but certainly not limited to technology-
driven approaches, supported by effective monitoring mechanisms”. 

The Smart Specialization approach was also introduced in Europe in the Cohesion 
Policy 2014-2020 framework and in the European legislation as a requirement (ex-
ante conditionality) for regions and Member States to access funding under Thematic 
Objective 1 “Strengthening research, technological development and innovation” of the 
European Regional Development Fund for the period 2014–2020 (European Union, 2013 
In. GUZZO and GIANELLE, 2021).

Lately, such place-based innovation strategy has re-oriented its trajectory to include 
recent sustainable development policies’ goals of the European Union: “Green Deal” 
in 201918, and after COVID-19 crisis, the green and digital recovery19. Thus, smart 
specialization strategies have to be channeled to Sustainability. Mccann and Soete 
(2021) depicts such change: “a shift in policy logic from Smart Specialization Strategy 
(S3) to smart specialization strategies for sustainable and inclusive growth (S4+) would 
change the logic on which regional development strategies would be based in Europe”.

14 Over recent years, the Hydrogen Valley concept has emerged as a firmly established term in the European funding and 
collaboration landscape. Building on the FCH JU Regions and Cities Initiative launched in 2017, a “European Hydrogen Valleys 
partnership” (EHV) was created under the “Smart Specialisation for Industrial Modernisation” framework of the European 
Commission. The partnership supports the setup of joint hydrogen projects between the 30 participating European regions and 
increases the visibility for fuel cell and hydrogen applications at European level. In parallel, the FCH JU awarded two European 
regions dedicated funding of more than EUR 25 million to pursue their tailor-made Hydrogen Valley concepts, besides the FCH 
JU‘s extensive regular funding activities of many more Hydrogen Valleys (Weichenhain et al. 2021).
15 The Smart Specialization Platform provides advice to EU countries and regions for the design and implementation of their 
Smart Specialization Strategy (S3). https://s3platform.jrc.ec.europa.eu/home
16 Please visit the following website: https://s3platform.jrc.ec.europa.eu/s3-thematic-platforms
17 Please visit the following website to deepen the issue: https://s3platform.jrc.ec.europa.eu/what-we-do
18 Please visit the following website: https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
19 Please visit the following website: https://ec.europa.eu/info/strategy/recovery-plan-europe_en#nextgenerationeu
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Hence, both from a conceptualization and policy perspectives, these kind of territorial 
innovation ecosystems – Hydrogen Valleys –, are embedded into a broader and strategic 
approach that European Union is supporting as a key element for implementing sustainable 
development and digital transformation goals. Which is, Smart Specialization Strategies 
for Sustainability (S4). 

Given such scenario, hydrogen valleys experiences of green hydrogen are Smart 
Specialization Strategies for Sustainability (S4) cases that are contributing to reach 
climate change objectives and sustainable development goals, through innovation 
and territorial socioeconomic development. 

In order to deepen such fruitful industrial experience, let’s consider three (03) paradigmatic 
cases – picked-up in the Hydrogen Valley Platform (H2V)20 – that show green hydrogen 
valley characteristics (Table 1): 

• HEAVENN: Located in Netherlands is a large-scale program of projects 
bringing together core elements: production, distribution, storage and 
local end-use of hydrogen (H2) into a fully-integrated and functioning “H2 
valley” (H2V), that can serve as a blueprint for replication across Europe 
and beyond21. According to Hydrogen Valley Platform data, daily H2 
production volume (T/day) is of 7,70. The project investment amount is 88 
M€, of which 20 M€ are European Commission subsidies. The project’s 
end uses are mobility, energy and industry feedstock sectors. The project 
started in 2019 and its finalization is due on 2025;

 
• NDRL (Norddeutsches Reallabor – Living Lab Northern Germany): As 

mentioned in h2v platform, the Norddeutsche Reallabor is a project that 
intends to test the overall transformation of the energy system in order to 
demonstrate a rapid decarbonisation of all energy consumption sectors 
in Northern Germany. According to Hydrogen Valley Platform data, daily 
H2 production volume (T/day) is of 10. The project investment amount is 
325 M€, constituted by a mix of public national funds and private ones. 
The project’s end uses are mobility and industry feedstock sectors. The 
project started in 2018 and its finalization is due on 2026;

20 Please visit the following website to get more information about hydrogen valleys cases: https://www.h2v.eu/about-us
21 Please visit the following websites to get more information about this case: https://heavenn.org/about/ https://www.
newenergycoalition.org/en/projects/heavenn/

26

https://www.h2v.eu/about-us
https://heavenn.org/about/ https://www.newenergycoalition.org/en/projects/heavenn/ 
https://heavenn.org/about/ https://www.newenergycoalition.org/en/projects/heavenn/ 


• HYDROGEN VALLEY SOUTH TYROL: The h2v platform affirms that the 
Hydrogen Valley South Tyrol aims to decarbonize the mobility sector and 
to connect the region with the main Italian and European economic areas 
along the Brenner Corridor22. According to Hydrogen Valley Platform data, 
daily H2 production volume (T/day) is of 1. The project investment amount 
is 55 M€, mixing public European and local funds with private ones. The 
project end use is the mobility sector. The project started in 2017 and its 
finalization is due on 2026.

22 Please visit the following website to get more information about the project: https://www.h2-suedtirol.com/en
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Table 1 – Green Hydrogen Valleys Cases

Source: https://www.h2v.eu/
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The analysis of these cases, and in general with the experiences of the Hydrogen Valley 
Platform, it is possible to identify key success factors and main barriers for hydrogen 
valleys (Figure 11).

Figure 11 – Key success factors and main barriers

Source: Weichenhain et al. (2021), FGV graphic adaptation

First key success factor pinpoints to the fact that the project concept must be conceived 
based on territorial needs and demand. In the second key success factor, it is necessary 
to deepen the project analysis with feasibility and business case studies, evaluation of 
costs, cash flows, commercial, funding, geography, project timelines, as well as, project 
scale and technology issues. The following success factor, the third one, deals with 
public-private financing. It is crucial to search and apply for public funds, especially in the 
preparation phase. Moreover, the private funding share in hydrogen valleys, has grown 
over time, showing more attractive and feasible business cases. Another major factor 
of success is the fourth one, “Partnering and stakeholder cooperation”. In fact, it is of 
paramount relevance to engage stakeholders, and enable cooperation and governance 
mechanisms during the entire project. Finally, the fifth key success factor is the political 
backing and buy-in. Since its early stages, the project should engage policy makers, 
regulators, agencies and local communities to share project objectives, means, results 
and benefits. 
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At the same time, hydrogen valleys present some barriers that have to be overcome 
to spur hydrogen investments. The first barrier deals with “Securing Public Fundings”. 
As it is a key factor of success, it also brings some degree of difficulties in order to get 
it done. In fact, public funding institutions have little knowledge regarding hydrogen 
valleys, funding procedures are resource intensive, so public funding institutions need 
to be engaged in the early phase of the project conception to get on board. On the other 
hand, the second barrier “securing off-take commitments” highlights the issue of securing 
buyers’ commitments of hydrogen valley products and services. The conception of the 
project has to take into account dialogues with potential off-takers from different sectors 
in order to guarantee commercial feasibility. The third barrier “Securing private funding”, 
is the first one complementary. It pinpoints the need of conceiving a bankable project that 
is able to attract private equity funds, institutional investors, local private funding among 
others. Finally, the fourth barrier “Mitigating technological readiness and technological 
performance” shows the difficulty to ensure flexibility of the project and efficient system 
integration, as well as, commissioning, operation and maintenance issues. 

As it is shown, green hydrogen valley cases are crucial market experiences that will spur 
global hydrogen market penetration. In fact, already,

“Hydrogen Valleys represented on the Mission Innovation Hydrogen 

Valley Platform23 comprise a total investment volume of more than EUR 

30 billion covering more than 20 countries worldwide; Only little more 

than 10% of Hydrogen Valleys have entered operations so far. In the 

upcoming five years and beyond, the bulk of the remaining projects will 

enter the implementation phase and will thus contribute significantly to 

the further industrialization of the industry (Weichenhain et al. 2021)”.

Hence, the spreading of the Hydrogen valley model is key to keep market momentum 
and boost further development in a global scale. 

Within this scenario, the Latin American experience on hydrogen valley is very little 
though. Only in Chile and in French Guiana we can find hydrogen valley projects, 
according to the Hydrogen Valley Platform (H2V)24.  Thus, it is strategic to spread-out the 
hydrogen valley model in Latin American countries due to its sustainable development 
and industrial contribution on a global and territorial levels. 

23 Please visit the platform https://www.h2v.eu/
24 This information refers up to November 2021. Eventually, in the future, can appear other projects from Latin America.
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It is worth to note, that both the hydrogen valley model and the smart specialization 
approach (S4) are comprehensive and flexible perspectives that can be adapted according 
to territorial demands and characteristics of Latin America.

Furthermore, there is already an established dialogue and cooperation framework 
between EU and Latin American and Caribbean countries (Barroeta et al 2017), where 
smart specialization25 is a key element, as well as, the green and digital transition. So, 
the green hydrogen valley approach could be a novel domain of joint work between 
Europe and Brazil.

In particular, in this discussion paper we focus on Brazil, a country with a strong and 
vibrant energy market, and a high share of renewable technologies. A cooperation 
between Brazil and Europe on hydrogen valleys in a S4 approach, can be fruitful for 
both. It is geopolitically strategic and it will bring sustainable and innovative results. The 
next chapter will describe Brazil hydrogen market experience. 

25 Smart specialisation is a promising area for further development, with potential to foster localised, innovation-driven sustainable 
territorial development. The Participants took note of the EU pilot actions aimed at testing the smart specialisation approach 
in the region of Latin America and Caribbean, such as the one supported under the EU Regional Facility for Development in 
Transition (EU-CELAC, 2021).
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February 2021: launch of the Green Hydrogen Hub in the State of Ceará, Northeast 
of Brazil26. A pioneer initiative that gathers Ceará Government, Industry Federation of 
Ceará (FIEC), Federal University of Ceará (UFC) and Pecém Port Complex (CIPP S/A). 
The main objective is to reduce emissions, seize new business opportunities and job 
creation for Ceará State. The Green Hydrogen Hub saw the signing of a memorandum 
of understanding between Ceará government secretariats, Pecém Port Complex, FIEC 
and UFC, as well as, the creation of a Work Group on the theme, where all the partners 
are represented. 

Moreover, the Ceará government signed another memorandum of understanding with the 
Enegix Energy Company, for green hydrogen production in the Pecém Port Complex27. 
Specifically, the company will invest US$ 5,4 billion, with an expected production of 600 
million kg of green hydrogen per year. The project is expected to take 3-4 years to build. 
Since the creation of the hub, other companies have shown its interest to invest in green 
hydrogen projects within the Pecém Port Facility28. For example, Ceará government has 
signed other relevant memorandums of understanding with: 

• White Martins29 company; 
• Fortescue Future Industries Pty Ltd (FFI)30 – investment of US$ 6 billion; 
• Qair Brasil – investment of US$ 6.95 billion; 
• Transhydrogen Alliance Consortium – investment of US$ 2 billion31

• AES Brasil – feasibility studies for green hydrogen production facilities, 
with an estimated investment of US$ 2 billion32.

26  Please visit the following website: https://www.ceara.gov.br/2021/02/19/governo-do-ceara-e-instituicoes-parceiras-lancam-
hub-de-hidrogenio-verde/
27 Please visit the following website: https://pressroom.enegix.energy/129246-enegix-energy-to-build-us54-billion-green-
hydrogen-facility-in-brazil
28 In this article, are listed companies that signed agreements with Ceará hub up to January 2021. Furthermore, according to 
ABH2 (2022) there are other announced investments in Ceará hub, from others firms such as Diferencial Energia, H2Helium, 
Hytron/Neuman & Esser (NEA) Group, Eneva, Engie Brasil Energia and Total Eren. Eventually, in the future, other companies 
will sign other agreements. 
29  Please visit the following website: https://www.ceara.gov.br/2021/04/19/complexo-do-pecem-e-white-martins-assinam-
memorando-de-entendimento-para-implantacao-do-hub-de-hidrogenio-verde-no-ceara/
30 Please visit the following website: https://www.ceara.gov.br/2021/07/07/hub-de-hidrogenio-verde-acordo-entre-governo-do-
ceara-e-a-fortescue-preve-investimentos-de-u-6-bi-e-3-300-empregos/
31 Please visit the following website: https://www.ceara.gov.br/2021/10/27/hidrogenio-verde-em-roterda-governo-do-ceara-
assina-memorando-que-preve-investimento-de-2-bilhoes-de-dolares/
32 Please visit the following website: https://petronoticias.com.br/aes-brasil-assina-memorando-com-o-ceara-preve-
investimentos-2-bilhoes-hidrogenio-verde/
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Besides that, Ceará government signed an agreement with Neoenergia for the production 
of feasibility studies of urban transportation solutions fueled with green hydrogen and, 
with EDP Brasil for the installation of a pilot project of a green hydrogen plant – gas 
production of 250 Nm3/h, investment attraction of R$ 41,9 million, ready to produce in 
December 202233. 

The bulk of investments will cover the entire value chain of green hydrogen (production, 
transformation, transportation and end uses) attending multiple final uses (energy, 
mobility, ammonia, industrial, etc.) in a national and international scale.

Figure 12 – Pecém Port: Distance in days from Ceará to the World

Source: PECEM 2020

Such industrial experience is paradigmatic for Brazil hydrogen market. It can be considered 
as the “First Green Hydrogen Valley34” of Brazil, within the Smart Specialization35 Strategies 
for Sustainability (S4) approach. In fact, the Green Hydrogen Hub has hydrogen valley 
characteristics, such as:

• Large in scale, with a portfolio of projects of billions of investments, in this 
case mostly private;

33 Please visit the following website: https://www.ceara.gov.br/2021/09/20/governo-do-ceara-e-neoenergia-assinam-
memorando-para-projeto-de-transporte-publico-movido-a-hidrogenio-verde/
34 According to Weichenhain et al. (2021), there are four key elements that a Hydrogen Valley has to have: 1) Large in Scale; 
2) High Value Chain Coverage; 3) Supply of More than one sector; 4) Geographically defined scope.
35 Please see Chapter 3.
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• Covering the entire value chain (production, transformation, transportation, 
end uses);

• Geographically located (Pecém Port Complex);
• Multiple sectors are encompassed (mobility, ammonia, industrial, energy, 

etc.). 

Moreover, such Brazilian hydrogen valley can be considered within a S4 approach. In 
fact, the Ceará experience gathers investments in a strategic area of intervention – green 
hydrogen, a sustainable industry – identified by both public and private stakeholders 
on an existing industrial experience – Pecém Port. Furthermore, such stakeholders 
leverage existing and new territorial socioeconomic capabilities by continuously fostering 
sustainable and innovative processes. Indeed, the Ceará Green Hydrogen Hub shows 
key strategic factors of a hydrogen valley in a S4 approach, such as:

• Location: Pecém Port is in a strategic location for import/export trade 
(near to Europe, United States and Africa). Moreover, Ceará state has a 
big renewable energies potential, which is key for electrolyzers for green 
hydrogen production (onshore wind energy of 94 GW and offshore of 117 
GW, solar energy of 643 GW, with daily complementarity between wind 
and solar energies)36;

• Infrastructure’s availability and industrial facilities: the Pecém Port 
Complex is already a strong industrial facility with strong dedicated 
infrastructures that spur Ceará and Brazilian development. Within an area 
of 13.337 hectare, it is composed by an Industrial Area, a Port and an 
Export Processing Zone (Zona de Processamento de Exportação – ZPE); 

• Knowledge capabilities: The presence of local universities such as 
Federal University of Ceará (UFC) and industry associations, such as 
the Industry Federation of Ceará (FIEC), are key to foster innovation and 
industrial solutions for the novel industry of green hydrogen;

• Cooperation: Green Hydrogen Hub is based on a multi-stakeholder 
cooperation model between public and private institutions. Such feature is 
crucial for governance and management of the initiative, bringing stability 
over time.

The short description of the Ceará “Green Hydrogen Hub” highlights that the Brazilian 
market for green hydrogen is buoyant and it has a big potential. Spreading 
experiences like this all over Brazil will contribute for the green hydrogen industry to go 

36 Please find more information here:  https://www.ceara.gov.br/2021/09/20/governo-do-ceara-e-neoenergia-assinam-
memorando-para-projeto-de-transporte-publico-movido-a-hidrogenio-verde/
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from a technological readiness market stage to a market penetration one37. It is worth 
noting that, though in a smaller scale and limited scope, there are already ongoing 
similar Ceará experiences38, that are occurring in the Brazilian green hydrogen market, 
like the Açu Port39, Suape40, Furnas41, Rio Grande do Sul42, Rio Grande do Norte43, Minas 
Gerais44, Piauí45, Cubatão46, Bahia47  and other key sectors48.  

Giving a broader and strategic overview of such industrial experiences, it is worth to 
mention that the green hydrogen market in Brazil will be part of one of the least 
carbon-intensive energy matrices in the world, according to IEA (International Energy 
Agency)49. 

Statistics of the National Energy Balance (BEN) – elaborated by EPE (Empresa de 
Pesquisa Energética) – show that in 2020, the renewable share in Brazil power generation 
matrix reached 84,8%, being far cleaner than the world and OECD countries power 
matrixes (Figure 13). Renewable energies technologies deployed in the Brazilian market 
are mostly hydro, wind, solar and biomass, and non-renewable energies consist mostly 
of oil, gas, coal and nuclear50 sources.

37 Please see Chapter 2.
38 Please visit the following site: https://www.h2verdebrasil.com.br/en/projects/?pais%5B%5D=269
39 Please visit the following site: https://portodoacu.com.br/fortescue-future-industries-e-porto-do-acu-unem-forcas-para-
desenvolver-planta-de-hidrogenio-verde-no-brasil/
40 Please visit the following websites: http://www.suape.pe.gov.br/pt/noticias/1522-complexo-de-suape-e-neoenergia-firmam-
parceria-para-produzir-hidrogenio-verde-em-pernambuco http://www.suape.pe.gov.br/pt/noticias/1571-presidente-da-qair-
visita-suape-e-conhece-infraestrutura-portuaria-para-futuro-projeto-de-hidrogenio-verde
41 It is worth to mention the construction of a green hydrogen plant in a hydroelectric facility, located in Itumbiara (MG/GO), 
by using photovoltaic technologies (floating and on-land). On December the 8th 2021, it was launched such green hydrogen 
plant that produces 1 MW. This green hydrogen plant, it is the result of a research and development project of ANEEL (Agência 
Nacional de Energia Elétrica) developed by Eletrobras Furnas, Base-Energia Sustentável, PV Solar, Paulista State University 
(UNESP), Campinas University (Unicamp), National Service for Industrial Learning of Goiás (Senai-GO), University of 
Brandenburg (Germany) and the Electric Energy Research Center (CEPEL). The investment for the plant was of R$ 45 million. 
For further information, please visit the following website https://www.canalenergia.com.br/noticias/53196109/furnas-inaugura-
planta-de-geracao-de-hidrogenio-verde
42 Rio Grande do Sul and White Martins signed a memorandum of understanding in December 2021 to produce green hydrogen 
and green ammonia in the southern state of Brazil. Please find more information here https://epbr.com.br/white-martins-assina-
memorando-para-hidrogenio-verde-no-rs/
43 Please visit the following website to get more information: https://g1.globo.com/rn/rio-grande-do-norte/noticia/2021/08/11/
governo-assina-acordo-para-producao-de-energia-eolica-no-mar-hidrogenio-verde-e-amonia-no-rn.ghtml
44 “Mines of Hydrogen” initiative started in 2021 and it is supported by Minas Gerais Government and FIEMG (Minas Gerais 
Industries Federation). Please find more information here: https://www.gov.br/mme/pt-br/assuntos/noticias/ministro-participa-de-
lancamento-do-programa-minas-do-hidrogenio
45 Nexway, Comerc‘s energy efficiency company, and Casa dos Ventos announced a partnership to develop green hydrogen 
(H2V) production projects in Brazil. Please find more information here: https://epbr.com.br/casa-dos-ventos-e-comerc-preveem-
us-4-bi-em-projeto-de-hidrogenio-verde-no-piaui/
46 Please find more information here: https://forbes.com.br/forbesagro/2021/09/raizen-fecha-com-yara-1a-venda-de-
biometano-de-longo-prazo/
47 Unigel will produce green ammonia in Bahia State. Please find more information here: https://valor.globo.com/empresas/
noticia/2021/12/23/unigel-vai-produzir-hidrogenio-verde-no-pais-a-partir-de-2023.ghtml
48 Moreover, there are several other initiatives related to green hydrogen in key sectors such as transportation (Fuel Cell Buses 
prototypes), aviation (Embraer), synthetic fuels and bioenergy, according to ABH2 (2022).
49 Please visit the following website to get more information: https://www.iea.org/countries/brazil
50 To get information update in real-time please visit the following website: https://bit.ly/2IGf4Q0 ANEEL SIGA - Sistema de 
Informações de Geração da ANEEL.
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Figure 13 – Share of renewable energies in the Brazil Power Matrix 2020 (%)

Source: Balanço Energético Ministério de Minas e Energia, Relatório Síntese 2021, Ano base 2020 (EPE, 2021). 

Energy Balance, Ministry of Mines and Energy from Brazil, Synthesis Report 2021, Base Year 2020 (EPE, 2021). 

Subtitles translation from top to bottom Brazil (2020); Brazil (2019); World (2018); OECD (2018). Dark green – 

Renewables. Grey – Non-renewables.

Moreover, in terms of energy matrix, the renewable share is continuously increasing 
and it reached, in 2020, the share of 48,4%, as reported by the statistics of the Brazilian 
energy ministry51, whereas biomass and biodiesel positively performed and oil and its 
derivatives bounced back by 5.6% in 2020.

Figure 14 – Share of renewable energies in the Brazilian Energy Matrix (%) 

Source: Balanço Energético Ministério de Minas e Energia, Relatório Síntese 2021, Ano base 2020 (EPE, 2021). 

Energy Balance, Ministry of Mines and Energy from Brazil, Synthesis Report 2021, Base Year 2020 (EPE, 2021). 

Values related to the Internal Supply of Energy. Subtitles translation from top to bottom Brazil (2020); Brazil (2019); 

World (2018); OECD (2018). Dark green – Renewables. Grey – Non-renewables.

51 Please visit the following website to get more information: https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/
balanco-energetico-nacional-interativo
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Furthermore, the Brazilian energy sector has already successful experiences in creating 
novel markets as the wind and solar industries can show. These successful stories are 
important because they show that Brazil institutional, regulatory and market ecosystem 
are ready to incorporate an entrant sector – green hydrogen. 

Thus, the green hydrogen market in Brazil, together with other energy resources, will 
be strong allies to achieve the Brazilian environment commitments (COP 26) – 50% 
reduction in greenhouse gas emissions by 2030 and carbon neutrality by 2050 – and to 
foster energy sector competitiveness, while contributing to the global target of keeping 
1.5°C. Indeed, the Glasgow Climate Pact affirms that there will be a further effort of the 
parties – including Brazil – to revisit 2030 emission reduction targets in 2022 (COP26, 
2021), where hydrogen could play a relevant role for the energy sector contribution.

Within such scenario, Brazilian hydrogen has already its own story. Since 1995, the 
Brazilian government has been dealing with such energy carrier by creating knowledge, 
public programs (PNH2), national associations (ABH2) and participating in relevant 
international committees (CENEH). Though, after the Pre-salt discovery – among other 
things – hydrogen strategic interest has declined over time (MME 2021). New interest 
bounced back only in recent years.

Figure 15 – Hydrogen Story in Brazil: Timeline

Source: MME 2021, FGV graphic adaptation



The 2020 Brazil “National Energy Plan 2050” included hydrogen in its energy strategy 
(MME & EPE, 2021) along with other renewable energies. The energy carrier is pinpointed 
as a disruptive technology that can strongly contribute to decarbonise the national energy 
matrix (idem).

In 2021, the Ministry of Energy of Brazil issued a resolution (Resolução CNPE nº 2 
de 2021) that prioritizes research, innovation and development funds for hydrogen, 
among other energy sources. Another relevant resolution, issued by the same ministry, 
is “Resolução CNPE nº 6 de 2021”, that deals with determination for the proposal of 
guidelines for the National Hydrogen Program – Programa Nacional do Hidrogênio, 
Proposta de Diretrizes (PNH2).

PNH2 program aims to significantly contribute to Brazil’s trajectory of sustainable 
development through the increase of national competitiveness and the share of hydrogen 
in the Brazilian energy matrix, considering its economic, social and environmental role 
for development (MME, 2021). Moreover, according to MME and EPE (2021), national 
hydrogen strategy needs to leverage Brazil energy competitive advantage, by taking into 
account all sort of Brazilian energy resources. So, within an energy transition horizon, 
hydrogen strategy needs all hydrogen shades, it is a “rainbow” hydrogen strategy52. Given 
that, PNH2 pinpoints six (06) guidelines to foster hydrogen in Brazil as the following 
figure highlights. 

Figure 16 – PNH2 Guidelines

Source: MME 2021, FGV graphic adaptation

52 It is worth noting that, in terms of renewable sources to produce green hydrogen, Brazil has abundant resources of solar 
and wind, but it also has bioenergy sources that are key to boost green hydrogen markets in internal lands area where biomass 
resources can be more abundant, for example.
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Each of the guidelines have to be tackled in a holistic manner in order to support Brazilian 
hydrogen market penetration, given a strong market potential depicted by Brazilian 
industrial experiences shown in this chapter. A consistent market penetration will need 
national efforts together with international dialogues and partnerships.

Hence, the European hydrogen valley model, in a Smart Specialization Strategies 
for Sustainability (S4) fashion, could be transferred and absorbed by Brazil‘s 
industrial landscape, adapted, as needed, according to national specificities and 
peculiarities. 

In this manner, several PNH2 guidelines can be boosted. For instance, the “International 
Cooperation” pillar that considers the international element crucial for a complete 
technological cycle, industrial development and consolidation of the hydrogen economy 
in Brazil (MME, 2021). Through the hydrogen valley model, it is possible to support other 
pillars too, such as: Pillar 1 “Strengthening of technological bases”, Pillar 2 “Capacity 
building and human resources” and Pillar 5 “Market competitiveness and growth”. Indeed, 
implementing the hydrogen valley model – in a S4 approach – could contribute to support 
Brazilian hydrogen market penetration by: 

• Deepen international dialogue on hydrogen; 
• Foster international industrial partnerships in Brazilian hydrogen value 

chain; 
• Join international debate forums and committee on hydrogen; 
• Foster research, innovation, capacity building and technological transfer 

on hydrogen;
• Attract international funding and private investments; 
• Place Brazil in global hydrogen value chains.

The next chapter will describe the potential and strategic partnership between Brazil and 
European countries on hydrogen valley model in a S4 approach to get win-win results 
and contribute to global energy transition. 
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For many rich countries, achieving net-zero emissions will be more 

difficult and costly without international cooperation. For many developing 

countries, the pathway to net zero without international assistance is not 

clear. Technical and financial support is needed to ensure deployment 

of key technologies and infrastructure. Without greater international co-

operation, global CO2 emissions will not fall to net zero by 2050 (IEA 

2021b).

Cooperation between countries to conceive, design, develop and deploy innovative 
energy market solutions is key to reach net zero by 2050. As IEA (2021b) affirms, without 
international cooperation this transition would be deployed in more decades (Figure 17). 

Figure 17 – Global energy-related CO2 emissions in the net zero pathway 53 
and Low International Cooperation Case

Source: IEA 2021b

53 The Net-Zero Emissions by 2050 Scenario (NZE) shows what is needed for the global energy sector to achieve net-zero CO2 
emissions by 2050. Alongside corresponding reductions in GHG emissions from outside the energy sector, this is consistent 
with limiting the global temperature rise to 1.5 °C without a temperature overshoot (with a 50% probability). Achieving this would 
require all governments to increase ambitions from current Nationally Determined Contributions and net zero pledges (IEA, 
2021b).

CHAPTER 5: 
BRAZIL AND EU COOPERATION ON HYDROGEN 
VALLEYS
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Furthermore, the Glasgow Climate Pact recalls “Article 2, paragraph 2, of the Paris 
Agreement, which provides that the Paris Agreement will be implemented to reflect 
equity and the principle of common but differentiated responsibilities and respective 
capabilities in the light of different national circumstances” (UN, 2021). 

Indeed, with regard to the energy sector emissions, it is clear that there is global but 
differentiated responsibility (Figure 18). Such dissimilarities can be leveraged to seize 
opportunities of mutual and beneficial exchange to achieve the shared goal of global 
sustainability, guarantee competitiveness and secure national energy supplies.

Figure 18 – Annual Fossil CO2 Emissions by Continent

Source: https://robbieandrew.github.io/GCB2021/index.html

The Glasgow Climate Pact, also, recalls the urgency of “developed country Parties 
to provide enhanced support, through financial resources, technology transfer and 
capacity-building, to assist developing country Parties with respect to both mitigation 
and adaptation, in continuation of their existing obligations under the Convention and the 
Paris Agreement, and encourages other Parties to provide or continue to provide such 
support voluntarily” (UN, 2021). 

Thus, it exists a common level playing field where international cooperation is 
acknowledged as critical to cope with climate change challenges and to seize opportunities. 
Specifically, this is true for the energy market too, specifically for hydrogen.
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Given that, in this chapter we focus on the strategic relation between Latin America, 
specifically Brazil, with European countries regarding the hydrogen market and hydrogen 
valley related model.

It is worth noting that “Latin America is home to a large hydrogen industry that may now 
be on the verge of an unprecedented transformation, driven by ambitious GHG emission 
reduction goals and technological developments, and leveraging the region’s abundant 
and competitive resources. The hydrogen industry would undergo this transformation 
on two fronts: the replacement of current hydrogen supply with low-carbon hydrogen 
production technologies, and the expansion of hydrogen use to new applications (IEA 
2021a)”.

Moreover, IEA (2021a) report “Hydrogen in Latin America, from near-term opportunities 
to large-scale deployment” reaffirms the key role of on international cooperation in the 
hydrogen market. Indeed, IEA gave six recommendations54 for policy makers in Latin 
America to boost the hydrogen market, among which is highlighted the relevance of 
cooperation: “Cooperate regionally and internationally to position Latin America in the 
global hydrogen landscape”.

The hydrogen market – with a focus on hydrogen valleys55 – urge to experience international 
cooperation in order to boost its market penetration and, in the near future, consolidate 
its market growth56, both in global and local scales. A coordinated, effective and mutually 
beneficial action in the hydrogen sector is needed.

IEA (2021a) affirms that “thanks to its abundant, high-quality and often complementary 
renewable resources, Latin America has the potential to produce large amounts of low-
cost hydrogen from renewable electricity in the long term (2050)”. In terms of competitive 
prices and hydrogen technology deployment, IEA (2021a) pinpoints “while many parts of 
the region could see competitive prices in 2050-time horizon, the lowest production costs 
may be located in southern Patagonia (Argentina and Chile) and the Atacama region 
(Argentina, Bolivia, Chile and Peru), as well as north-western Mexico and north-eastern 
Brazil, among many others”.

54 The six recommendations are the following: 1) Define a long-term vision for hydrogen in the energy system; 2) Identify 
near-term opportunities and support initial deployment of key technologies; 3) Support early financing schemes and reduce 
investment risk; 4) Focus on R&D and skills to reap benefits beyond emission reductions; 5) Use certification schemes to 
incentivise the production of low-carbon hydrogen and create market opportunities; 6) Co-operate regionally and internationally 
to position Latin America in the global hydrogen landscape.
55 According to Weichenhain et al. (2021), there are four key elements that a Hydrogen Valley has to have: 1) Large in Scale; 
2) High Value Chain Coverage; 3) Supply of More than one sector; 4) Geographically defined scope.
56 Please see Chapter 2.
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Figure 19 – Levelized cost of hydrogen production via electrolysis powered by 
hybrid solar PV and onshore wind, Latin America, 2050

Source: IEA 2021a

Specifically, according to Castro et al. (2021), in a near future, Brazil has all the elements 
to be a green hydrogen producer for national and international demand (multi-purpose 
end uses), thanks to its renewable energies potential (more than 1,3 million MW of solar 
and wind energy), low renewable prices, institutional and regulation mature framework, 
competitive bidding procedures, and the nationwide extension of the electricity system. 

In such context, according to MME and EPE (2021), Brazilian hydrogen strategy needs 
to leverage Brazil energy competitive advantage, by taking into account all sorts of 
Brazilian energy resources.

So, within an energy transition horizon, hydrogen strategy needs all hydrogen shades, it 
is a “rainbow” hydrogen strategy57.

On the other hand, we consider Europe to cooperate with Latin America in the hydrogen 
market. European countries have longstanding partnership with Latin America in several 
strategic issues, generating mutual benefits in favor of sustainable development.
57 It is worth noting that, in terms of renewable sources to produce green hydrogen, Brazil has abundant resources of solar and 
wind, but it also has bioenergy sources that are key to boost green hydrogen markets in internal lands areas where biomass 
resources can be more abundant, for example.
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Indeed, taking into account the European energy market, it is worth to highlight that 
investment in clean technologies and value chains are key in post-COVID recovery plans 
(EC, 2020). The European market is highly competitive in clean hydrogen technologies 
manufacturing. The estimated investment in renewable hydrogen in Europe is up to EUR 
180-470 billion by 2050 (idem). Specifically, hydrogen is recognized as a critical energy 
carrier to address energy transition opportunities and challenges (idem) in recovery 
plans.

Within this scenario, the document “A hydrogen strategy for a climate-neutral Europe” 
(EC, 2021) acknowledges the relevance of the international dimension to boost the 
clean hydrogen market by creating new opportunities by re-shaping European energy 
partnerships, advancing supply diversification, stabilizing and securing supply chains, 
unlocking trade opportunities and spurring research and innovation activities.

Hence, given the Brazilian and European hydrogen market characteristics, which 
is the object on which we foresee a fruitful and potential cooperation between Europe 
and Brazil to achieve global environmental agenda, competitive, innovation and trade 
opportunities?

It is relevant and possible to cooperate on the Hydrogen valley model in a Smart 
Specialization Strategies for Sustainability (S4) approach58. In fact, the hydrogen 
market stage in Brazil is in between the technological readiness and market penetration 
stages, while the European market is experiencing an initial market penetration phase.

So, Brazil needs to scale-up its hydrogen market and Europe can help with policy, 
innovation, technological, and financial terms. Conversely, Brazil represents an innovation, 
industrial, commercial and trade opportunity for Europe. The Hydrogen valley model is 
strategic, and so it is, to boost hydrogen market penetration, in the short and medium 
terms, in both regions.

In order to identify cooperation areas, it is worth to recall that the Hydrogen Valleys in S4 
approach are territorial innovation ecosystems that leverage endowments, capabilities, 
infrastructures, resources, technologies and assets through a set of heterogeneous 
stakeholders – public, private and academy – in order to produce, transform, transport 
and use green hydrogen, in favor of sustainable development, in line with local and 
global needs59 (Figure 20).

58 Please see Chapter 3.
59 Please see chapter 3 to deepen Hydrogen Valley model and Smart Specialization for Sustainability (S4).
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Figure 20 – Hydrogen Valley in S4 approach – Multilevel interaction

Source: FGV Europe

The cooperation between market, policy and innovation layers is crucial to boost hydrogen 
valleys. This happens through multiple stakeholder cooperation. In other words, public, 
entrepreneurial and academic sectors are making their best efforts to deploy hydrogen 
solutions in the market in an efficient, sustainable and economic way.

Hence, Brazil and European countries can identify specific issues where they could 
partner and cooperate, both in the market layer – integrated supply chain, technologies 
and finance –, in the policy layer – best practices exchange – and in the innovation layer 
– innovation creation and knowledge transfer and absorption.

Finally, strategically, we can put hydrogen valley model in S4 approach and international 
cooperation in the big picture.

Hydrogen Valley model in S4 approach is a decentralized manner of hydrogen production, 
transformation, transportation and end uses. This model will boost a local cluster of 
hydrogen, contributing to its market penetration. It is possible to think that in this stage 
the hydrogen end uses are “drop-in” sectors such as ammonia, fertilizers, refineries, 
industry, etc. Moreover, it is relevant to choose a rainbow strategy – though always 
keeping alive environmental commitments –, create and enhance specific policy and 
regulations, and support global industrial standards for hydrogen.

47



Figure 21 – Market Evolution Strategic Overview

Source: FGV Europe

Nevertheless, in order to scale up the hydrogen market nationwide, the third market 
phase has to be fostered – market growth. This phase will need more investments in 
infrastructure to pass from a decentralized supply to a broader one, even though such 
models are complementary and can go in parallel. Furthermore, in this market phase, 
additional end uses are included such as buildings, long-haul transportation, etc. and 
hydrogen production is mostly green.

In this line, IEA affirms such strategic trajectory by pinpointing:

Demand could initially grow in so-called “hydrogen valleys”, with one or 

more uses of hydrogen concentrated in an industrial hub, a port, city 

or region, requiring limited development of infrastructure over short 

distances (something that already exists in some parts of the world, such 

as north-western Europe and in the Gulf of Mexico). In the longer term, 

as hydrogen penetrates sectors with more scattered demand (such as 

road transport and buildings), larger hydrogen transport networks would 

become necessary, including across national borders. This process could 

be inspired by developments in other regions, such as the European Union, 

where the association of gas transmission system operators is developing 

the European Hydrogen Backbone Initiative to repurpose a large part of 

the region’s gas network to transport pure hydrogen. Repurposing existing 

natural gas transmission grids to handle pure hydrogen could be up to 
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85-90% cheaper than building new ones. In Latin America, some gas 

transmission pipelines are currently underutilised and could in the long 

term be attractive for repurposing, such as the transmission pipelines 

between the far south and far north of Chile and Argentina, two prime 

areas for low-carbon hydrogen production (IEA 2021a). 

Hence, international cooperation between Brazil and Europe can follow this strategic 
path – market penetration and growth – by identifying and seizing, on an ongoing basis, 
opportunities to build a strong and sustainable hydrogen economy.

In short, international cooperation in the hydrogen industry need to follow market 
evolutions, encompassing countries peculiarities and competitive advantages and 
spurring innovation and sustainability, by taking into account several key elements:

• Integral supply approach and global value chains; 
• Global industrial standards; 
• Infrastructure’s availability; 
• Capacity building; 
• Innovation centers; 
• Knowledge transfer and absorption; 
• Financial instruments and sustainable finance; and
• Regulation and laws frameworks.

Brazil and Europe cooperation could be a strategic partnership to shape a prominent 
and innovative market – hydrogen market – to help address climate change targets 
and keep competitiveness over time.

49



ABH2, H2 Brazil Status 31.01.2022, Monica Saraiva Panik, Diretora ABH2

AFC TCP (Advanced Fuel Cells Technology Collaboration Programme) (2020), Energy 
Technology Perspectives 2020, International Energy Agency, Paris, www.iea.org/reports/
energytechnology-perspectives-2020.

BARROETA B., J. GOMEZ PRIETO, J. PATON, M. PALAZUELOS, 2017, Innovation and 
Regional Specialisation in Latin America, EUR 28511 EN, doi:10.2760/906206

BNEF (Bloomberg New Energy Finance) (2020), Hydrogen Economy Outlook, Bloomberg 
New Energy Finance.

BNEF (2019), Renewable Energy Auctions Database, Bloomberg New Energy Finance. 
(Needs subscription).

CASTRO N., SANTOS V. e AQUINO T., O Brasil e as estratégias da Alemanha para o 
Hidrogênio Verde, Artigo publicado pelo Broadcast da Agência Estado de São Paulo em 
16 de setembro de 2021, GESEL, Instituto de Economia UFRJ

COP26, COP26 the Negotiations Explained, UN Climate Change Conference UK 2021 in 
partnership with Italy, UK Government, 2021

EC, European Commission, A Clean Planet for all A European strategic long-term vision 
for a prosperous, modern, competitive and climate neutral economy, Brussels, 28.11.2018
COM (2018) 773 final

EC, European Commission, Communication from the Commission to the European 
Parliament, the Council, the European Economic and Social Committee and the 
Committee of the Regions, A hydrogen strategy for a climate-neutral Europe, Brussels, 
8.7.2020 COM (2020) 301 final

EU – CELAC 2021, ANNEX to the COMMISSION DECISION on the approval on 
behalf of the European Union of the EU-CELAC 2021-2023 Strategic Roadmap for the 
implementation of the Brussels Declaration and EU-CELAC Action Plan on Science, 
Technology and Innovation. 

BIBLIOGRAPHIC REFERENCE

50

http://www.iea.org/reports/energytechnology-perspectives-2020
http://www.iea.org/reports/energytechnology-perspectives-2020


EUROPEAN UNION, REGULATION (EU) NO. 1303/2013 of the European parliament and 
of the council laying down common provisions on the European regional development 
fund, the European social fund, the cohesion fund, the European agricultural fund 
for rural development and the European maritime and fisheries fund and laying down 
general provisions on the European regional development fund, the European social 
fund, the cohesion fund and the European maritime and fisheries fund and repealing 
council regulation (EC) no. 1083/2006, EUROPEAN UNION, BRUSSELS, 2013.

EPE, Balanço Energético Ministério Minas Energias, Relatório Síntese 2021, Ano base 
2020, Ministério de Minas e Energia (MME) e Empresa de Pesquisa Energética (EPE).

HYDROGEN ANALYSIS RESOURCE CENTER (2016), Hydrogen Pipelines 
September 2016, Hydrogen Tools, www.h2tools.org/sites/ default/files/imports/files//
Hydrogen%2520Pipelines%2520 September%25202016.xlsx.

IEA, Global Energy Review 2021 Abstract Assessing the effects of economic recoveries 
on global energy demand and CO2 emissions in 2021

IEA, Hydrogen in Latin America From near-term opportunities to large-scale deployment, 
2021a

IEA, Net Zero by 2050 A Roadmap for the Global Energy Sector, May, 2021b

IEA, The Future of Hydrogen, Seizing today’s opportunities, Report prepared by IEA for 
the G20, Japan, 2019

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical 
Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. 
L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, 
K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu 
and B. Zhou (eds.)]. Cambridge University Press. In Press.

IRENA (2020), Green Hydrogen: A guide to policy making, International Renewable 
Energy Agency, Abu Dhabi

51

http://www.h2tools.org/sites/ default/files/imports/files//Hydrogen%2520Pipelines%2520 September%25202016.x
http://www.h2tools.org/sites/ default/files/imports/files//Hydrogen%2520Pipelines%2520 September%25202016.x


IRENA (2020b), Reaching Zero With Renewables: Eliminating CO2 Emissions From 
Industry and Transport in Line With the 1.5°C Climate Goal, International Renewable 
Energy Agency, Abu Dhabi.

IRENA (2020c), Reaching zero with renewables: Eliminating CO2 emissions from industry
and transport in line with the 1.5oC climate goal, International Renewable Energy Agency,
Abu Dhabi. ISBN 978 - 92 - 9260 - 269 – 7 Available for download: www.irena.org/
publications

IRENA (2019a), Hydrogen: A Renewable Energy Perspective, International Renewable 
Energy Agency, Abu Dhabi.

IKÄHEIMO, J. et al. (2018), “Power-to-ammonia in future North European 100% renewable 
power and heat system”, International Journal of Hydrogen Energy, Vol. 43, pp. 17295- 17308, 
www.sciencedirect.com/science/article/abs/pii/S0360319918319931?via%3Dihub 

GUZZO, F. and GIANELLE, C., Assessing Smart Specialisation: governance, EUR 30700 
EN, Publications Office of the European Union, Luxembourg, 2021, ISBN 978-92-76-
37673-6, doi:10.2760/48092, JRC123984

MCCANN, P. and SOETE, L., Place-based innovation for sustainability, Publications 
Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-20392-6, 
doi:10.2760/250023, JRC121271.

MME, Programa Nacional do Hidrogênio, Proposta para Diretrizes, Julho 2021

MME & EPE, Bases para a Consolidação da Estratégia Brasileira do Hidrogênio, Nota 
Técnica, No EPE-DEA-NT-003/2021

NREL (National Renewable Energy Laboratory) (2020), Gasoline Internal Combustion 
Engine Vehicle, NREL, www.atb. nrel.gov/transportation/2020/index.html?t=lg.

PECEM, Complexo Industrial e Portuário, Port of Rotterdam e Governo do Estado de 
Pará, 2020

STAFFELL, L. et al. (2018), The role of Hydrogen and Fuel Cells in the Global Energy 
System, The Royal Society of Chemistry, www. pubs.rsc.org/en/content/articlepdf/2019/
ee/c8ee01157e.

52

http://www.irena.org/publications
http://www.irena.org/publications
http://www.sciencedirect.com/science/article/abs/pii/S0360319918319931?via%3Dihub
http://www.atb. nrel.gov/transportation/2020/index.html?t=lg
http://www. pubs.rsc.org/en/content/articlepdf/2019/ee/c8ee01157e
http://www. pubs.rsc.org/en/content/articlepdf/2019/ee/c8ee01157e


UN, Glasgow Climate Pact, Conference of the Parties serving as the meeting of the 
Parties to the Paris Agreement Third session Glasgow, 31 October to 12 November 
2021, Organization of work, including for the sessions of the subsidiary bodies Proposal 
by the President Draft decision -/CMA.3 Glasgow Climate Pact, 2021

WEICHENHAIN UWE, MARKUS KAUFMANN, ANJA BENZ, GUILLERMO MATUTE 
GOMEZ, European Union (EU), Hydrogen Valleys Insights into the emerging hydrogen 
economies around the world Luxembourg: Publications Office of the European Union, 
2021 © FCH 2 JU, 2021

WEF, The Global Risks Report 2021, 16th Edition, is published by the World Economic 
Forum. © 2021 – All rights reserved. ISBN: 978-2-940631-24-7 

53




