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E X E C U T I V E S U M M A RY
1. Low carbon hydrogen can be a crucial part of the
transition to a net zero economy. With applications primarily in industry and heavy transportation,
its demand could grow about 6 times until 2050,
reaching 540 Mt1. Two factors – high energy density
and lack of carbon emissions – help to explain
hydrogen attractiveness to decarbonize power
generation, transport, industry, and heating in the coming decades. In order to be instrumental to the energy
transition, it has to be low-carbon, while almost all of
the current hydrogen supply of 91 Mt is based on
unabated fossil fuels.
2. Not all potential uses may prove viable, but the
decarbonization of the already existing demand
should be a priority. Current industrial uses, such as,
in the production of ammonia and other chemical
compounds account for 52% of hydrogen demand,
followed by oil refining (42% of demand)2. Those
two sectors should be the priority for low-carbon
hydrogen application, since they already use hydrogen produced from unabated fossil-fuel sources,
whose production accounts for around 2.5% of global
energy and industry emissions3.
3. Additionally, hydrogen use in so-called hard-toabate sectors is considered one of most important
technological routes for enabling the transition to
a low-carbon economy. According to the IEA, the use
of hydrogen in steelmaking, mostly as a reductant in
the DRI-EAF route, is set to be responsible for 28% of
the industrial demand in 20504. At the same time,
hydrogen-based fuels (e.g. ammonia and methanol)
are the most relevant path for deep decarbonization

of shipping (in which ammonia could account for
46% of total shipping energy consumption in 20505)
and aviation (in which synthetic H2-based fuels meet
33% of total fuel consumption in 20506). As for land
transportation, hydrogen seems fit for specific applications, such as off-road trucks.
4. Hydrogen can be produced in several ways, although its blue and green varieties gather greater
interest in a low-carbon economy. Coupled with
CCUS (blue) or produced through water electrolysis
from renewable electricity (green), clean technologies have the potential to replace fossil hydrogen
and other fossil fuels. In a net zero scenario, hydrogen supply in 2050 could be 62% green hydrogen
and 37% blue hydrogen7. Although carbon pricing
might be required, it is expected that low-carbon
hydrogen could reach ~US$ 1/kg by 20508 in some
parts of the world, driven by cost reductions in renewable generation, electrolysers and CCUS, making
it economically competitive.
5. Although growing, directs investments in the
hydrogen economy are not yet aligned to a net
zero scenario. As of November 2021, US$ 160 bn
had been announced to fund production, distribution and end-use of hydrogen up to 20309. However,
about US$ 700bn in direct investment through 2030
would be required for alignment to a net zero trajectory. In addition, US$ 7-8 tn in investments would
be needed in total over the next three decades10,
comparable in scale to what has been invested in
upstream O&G over the last 10 years (US$ 5.7tn)11.

1. In the IEA’s Net Zero scenario, grey. IEA. Global Hydrogen Review 2021. 2021 / 2. IEA. Global Hydrogen Review 2021. 2021 / 3. IEA. Global Hydrogen
Review 2021. 2021 / 4. IEA. Global Hydrogen Review 2021. 2021 / 5. IEA. Net Zero by 2050. 2021 / 6. IEA. Net Zero by 2050. 2021 / 7. IEA. Global Hydrogen
Review 2021. 2021 / 8. IEA. Global Hydrogen Review 2021. 2021 / 9. Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy
vector. 2021 / 10. Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy vector. 2021 / 11. IEA. World Energy Outlook 2021. 2021
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6. Countries will adopt different strategies to benefit
from the hydrogen economy. While developed
economies can rely on public funds and fiscal incentives to reach their ambitious goals, emerging countries
must depend primarily on the competitiveness of
their natural resources and the establishment of
an attractive business environment. As an example
of the latter, Chile already has a hydrogen strategy
mostly focused in appealing to private players. It has a
renewable potential that could reach 70 times its demand needs12, and planning is imperative to reach hydrogen costs in the range of US$ 0.8-1.0/kg by 205013.

7. Brazil, being a renewable superpower, holds the
potential of securing a competitive position in a
global hydrogen economy. The country launched
the guidelines of its National Hydrogen Plan in 2021.
Although not limiting technological routes or “colors”,
it aims to explore the renewable potential for the
production of green hydrogen, which BloombergNEF
estimates could be the cheapest in the world by
2050, at less than US$ 0.6/kg14. In this context, some
industrial complexes are positioning themselves as
hydrogen hubs, such as the Port of Pecém in Ceará,
for which announced hydrogen-related investment
amounts to US$ 20.7 billion15.

12. JP Morgan. LatAm Hydrogen. 2021 / 13. IEA. Hydrogen in Latin America. 2021 / 14. BloombergNEF. 1H Hydrogen Levelized Cost Update. 2021 /
15. Catavento analysis based on Engie, Enegix and Government of Ceará websites
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1 . W H AT L I E S B E H I N D
HYDROGEN’S MOMENTUM

In 2015, the Paris Agreement set an ambition of limiting
the rise in global average temperature to 1.5 °C in order
to avoid the worst consequences of climate change16.
Fulfilling this ambition would require the world to bring
down its GHG emissions from 59 GtCO2e/year17 to
net zero by 2050. This course of action would require,
among other things, a broad energy transition for the
entire world, since energy accounts for 74% of global
GHG emissions18.
Electrification, efficiency gains and behavior changes in
demand19 are some of the actions necessary in this journey for the energy and energy-intensive sectors. Several

of the needed technologies are already established and
gaining scale, such as wind and solar power generation,
while others start to gain relevance in the market, but
still lack widespread adoption, such as electric vehicles.
However, the toughest challenge in meeting the Paris
Agreement comes from the so-called hard-to-abate
sectors. Steel, cement, plastics, aviation, shipping,
and heavy-road transport account for about 30% of
global CO2 emissions.20 At the same time, they are
amongst the sectors for which the already mature
clean technologies do not suffice or are inadequate
for their decarbonization.

16. UN. Paris Agreement. 2015 / 17. UNEP. Emissions Gap Report. 2020 / 18. IEA. CO2 emissions from fuel combustion. 2017 / 19. IEA. World
Energy Outlook 2021. 2021 / 20. Energy Transitions Commission. Mission Possible. 2021
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To deliver the deep decarbonization of hard-toabate sectors, technologies considered disruptive, as
they are not yet economically viable, are necessary.
According to the International Energy Agency (IEA)21,
these technologies represent 45% of the emissions
reduction needed by 2050.
Low-carbon hydrogen is considered one such technology. It could account for 8% of the emission reduction
needed in 2050 in a net zero scenario compared to one
considering stated policies by governments22. In this context, the use of hydrogen could respond for 2% of the
global final energy consumption in 2030 and 11% in 205023.
One of the main reasons for considering hydrogen a relevant low-carbon technology is related to its high energy
density, being able to hold a greater amount of energy
in a smaller amount of product – hydrogen has nearly
three times the energy content of gasoline24. One of its
challenges, however, is that the situation reverses when
concerning volumetric density25, which means that it
takes up more space than conventional fuels (Figure 01).

At the same time, the hydrogen molecule only generates water when it burns. This distinguishes it from
fossil fuels or even biofuels, which release carbon
dioxide and other greenhouse gases when burned.
These two factors – high energy density and lack
of a carbon molecule – help to explain hydrogen
attractiveness to decarbonize power generation,
transport, industry, and heating. In a scenario compatible with targets already announced by countries
and companies, hydrogen demand could grow from
91 Mt in 2020 (met almost entirely by fossil fuel-based
hydrogen) to reach 120 Mt in 2030 and 256 Mt in 2050,
of which 52% would be green hydrogen. In a net zero
scenario, these figures could amount to 212 Mt in 2030
and 540 Mt in 205026, of which 62% would be green hydrogen, which is produced using renewable power. Blue
hydrogen , which is produced using natural gas coupled
with carbon capture, accounts for 16% of global demand in the IEA Announced Pledges scenario and 37%
in the Net Zero scenario by 2050 (Figure 02).27

FIGURE 01 – DENSITY OF VARIOUS LIQUID AND GASEOUS FUELS

Source: IEA. US Department of Energy. Hydrogen Storage. 2021

21. IEA. Net Zero by 2050. 2021 / 22. IEA. Net Zero by 2050. 2021 / 23. IEA. Net Zero by 2050. 2021 / 24. US Department of Energy. Hydrogen
Storage. 2021 / 25. US Department of Energy. Hydrogen Storage. 2021 / 26. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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FIGURE 02 – FUTURE HYDROGEN DEMAND BY SCENARIO, MT

Source: IEA. Global Hydrogen Review 2021. 2021

As for production routes, different colors of hydrogen
help to understand the process by which it is generated, as well as its carbon footprint. Grey hydrogen is
produced using natural gas as an input and emits GHGs,
not being considered a low-carbon solution. The same
is true for black hydrogen, produced from coal. Those
currently represent 78% of total hydrogen produced
in 2020, at 72 Mt. Most of the remaining supply is a
by-product generated in facilities designed primarily
for other chemicals28.
Blue hydrogen also uses natural gas as an input but
differs in that carbon emissions are captured and
prevented from escaping into the atmosphere, using carbon capture, usage and storage technologies
(CCUS). The carbon would then be stored in underground
geological reservoirs – such as depleted oilfields or salt
caverns –, where it could be held permanently or for a
very long period29.

Lastly, green hydrogen is produced from 100% renewable power sources through a process called water
electrolysis. In this process, electricity is used to
separate water molecules into hydrogen and oxygen,
with no major carbon emissions, using an electrolyser30 31.
Both green and blue hydrogen have been considered
in decarbonization strategies around the world, generally by prioritizing the most regionally convenient
type: green where low-cost renewable generation is
viable and blue where there is competitive availability
of natural gas and geological CO2 storage. Chile, for
example, is betting on green hydrogen, based on its
strong potential for renewable generation32 33. Another
example is Canada, that defines a strategy to explore
both green and blue hydrogen, due to the multiple
capabilities of the region given its large renewable
generation potential (mostly hydropower), as well as
vast natural gas reserves and space for carbon storage
in its Western Sedimentary Basin34 35.

27. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021 / 28. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021 / 29. CSIS. The
Geopolitics of Critical Minerals Supply Chains. 2021 / 30. UK Department for Business Energy and Industrial Strategy. H2 Emission Potential Literature Review.
2021 / 31. IRENA. Green Hydrogen Cost Reduction. 2021 / 32. Government of Chile. National Green Hydrogen Strategy. 2020 / 33. IEA. Global Hydrogen
Review 2021. 2021 / 34. Government of Canada. Hydrogen Strategy for Canada. 2020 / 35. Global CCS Institute. Global Status of CCS 2021. 2021
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2. USES AND DEMAND FOR HYDROGEN

Given its high energy density and lack of carbon emissions, to what extent could hydrogen be a major tool
for decarbonization? Could it be applied to all economic sectors?
Several experts point that, before developing new
applications for hydrogen, we should decarbonize
its existing demand, which currently relies on emissions-intensive hydrogen (grey and black). Current
hydrogen demand is directed to oil refining (42% –
37 Mt) and industrial processes (52% – 46 Mt), mainly
to produce ammonia, methanol and other chemical

compounds. Since hydrogen use is currently not based
on low-carbon routes, its production accounts for
around 2.5% of global energy and industry emissions36.
In oil refining, hydrogen is primarily used to improve
the quality of heavy crude oil and to remove the sulfur
in it, in a process called desulfurization. The quantity of
hydrogen used varies as the oil from each reserve contains different amounts of sulfur and each country has
its own regulation regarding acceptable sulfur content
specification in oil. As an example, on its most recent
regulation, the IMO designated a maximum of 0.5% of

36. IEA. Global Hydrogen Review 2021. 2021
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sulfur content in fuel oil used in ships37. As of July 2021,
crude oil input to refineries in the US was at an average
of 1.27% of sulfur content38. In addition, with the adaptation of oil into biorefineries to produce bio-based fuels
and compounds, hydrogen demand may increase, since
the treatment of biomass requires more hydrogen due
to higher levels of oxygen in its elemental composition39.
Ammonia is synthesized in industry using hydrogen
and nitrogen as inputs and is subsequently used in the
production of fertilizers and explosives. It is one of the
oldest chemical processes still carried out on an industrial scale. Global ammonia production totaled 183 Mt
in 2020. Although being highly toxic, it is viewed both
as a crucial contributor to global food security amid a
growing population and a relevant low-carbon fuel40.

When analyzing new hydrogen uses, even though
there are several technical possibilities, they must
be competitive with both the fossil-fuel-based
incumbent, as well as with other low-carbon options.
This competition will take into consideration not only
costs, but also safety, thermodynamics, convenience,
and technological maturity41. In sectors where hydrogen
applications are technically mature and have no other
low-carbon alternative, hydrogen use is considered
key, and examples include shipping fuels – via ammonia
and e-fuels –, off-road vehicles, and steel production.
Mostly, those are some of the hard-to-abate sectors
that cannot be extensively electrified. Additionally,
long-term electricity storage is also seen as a potentially
competitive hydrogen application.

FIGURE 03 – CLEAN HYDROGEN LADDER, BY APPLICATION

Source: Michael Liebreich. The Clean Hydrogen Ladder. 2021

37. IMO. IMO 2020 – cutting sulphur oxide emissions. 2020 / 38. EIA. U.S. Sulfur Content (Weighted Average) of Crude Oil Input to Refineries. 2021
39. Alexandre Szklo, Gabriela Nascimento, Clarissa Fonte. Refinando as refinarias de petróleo. Nexo Jornal. 2021 / 40. IEA. Ammonia Technology Roadmap. 2021 / 41. Michael Liebreich. The Clean Hydrogen Ladder. 2021
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INDUSTRY
The steel industry is currently responsible for 8% of
global CO2 emissions42, and every ton of crude steel leads
to the emission of 1.85 tonCO2e43, as the steelmaking
process currently uses coal or natural gas as reducing
agents. In the technological route in which iron is directly reduced (DRI), hydrogen could be used to replace
fossil components. The association of this process with
electric arc furnaces (EAF) powered by renewable power,
could further deliver the decarbonization of steel production44. Due to the high emission of steel produced
from coking coal, a carbon price of US$ 50-100/tCO2
could already make hydrogen-based steel competitive
in many locations45.

Photo by Martin Zaenkert via Unsplash

Usage of hydrogen in fuel injection is also envisioned
in blast furnace-basic oxygen furnace (BF/BOF), which
is the traditional and more polluting steelmaking technological route. IEA projects that, by 2050, demand for
hydrogen in the iron and steel industry will amount
to 28 Mt in the Announced Pledges scenario and to
47 Mt in the Net Zero scenario, which would respectively represent 28% and 35% of hydrogen’s industrial
demand. The remaining industrial demand in those scenarios would come from the production of chemicals
such as ammonia and methanol46.

TRANSPORT
The use of hydrogen to decarbonize heavy transport
such as shipping and aviation has been widely discussed, as those are sectors in which there would
be severe technical difficulty for electrification using
batteries. The most advanced lithium-ion battery
currently available contains around 30 times less energy
per kilogram than common jet fuel47, evidencing the
energy density advantage of hydrogen.

Global industry associations for shipping and aviation
have set goals for emission reduction, such as the IMO,
with a target of 40% reduction in emissions by 205048.
Nevertheless, the direct use of hydrogen as a fuel for
these transports could find barriers related to the low
volume density of hydrogen under normal conditions,
requiring compression and large storage areas49.

42. IEA. World Energy Outlook 2021. 2021 / 43. McKinsey & Company. Decarbonization challenge for steel. 2020 / 44. McKinsey & Company. Decarbonization challenge for steel. 2020 / 45. Hydrogen Council. Hydrogen for Net Zero - A critical cost-competitive energy vector. 2021 / 46. IEA. Global
Hydrogen Review 2021. 2021 / 47. The Conversation. Electric planes are here – but they won’t solve flying’s CO2 problem. 2021 / 48. IRENA. A Pathway
to decarbonize the shipping sector by 2050. 2021 / 49. IRENA. A Pathway to decarbonize the shipping sector by 2050. 2021
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In these cases, the conversion of hydrogen to synthetic
fuels (so-called “e-fuels”) is considered a more viable
opportunity. Two of the solutions that seem promising
for this purpose are ammonia and methanol. According to the IEA, ammonia could account for 46% of total
shipping energy consumption in 205050. For aviation, synthetic H2-based fuels meet 33% of total fuel consumption
in 2050. However, concerns on safety (e.g., ammonia is
toxic and flammable51) and prospects regarding the
sustainable supply of biofuels are issues that may influence the degree of hydrogen-based fuels adoption.
In light-duty vehicles, despite the recharge speed being
higher than for electric vehicles (EVs), its inefficiency
compared to batteries, the cumbersome adaptations
in vehicles and the fact that recharging is not as
convenient as for EVs are factors that weigh against
hydrogen use52. As for heavy-duty vehicles, on the other
side, hydrogen may play a role particularly for long

distances and off-road engines (e.g.: mining trucks),
becoming competitive between 2025 and 2035 in most
regions53 with the fleet reaching 2 million vehicles by
2030 in the IEA’s Net Zero scenario54 .But even then, it
won’t be the prevailing technology, as EVs are seen as
the ones that will tend to predominate55 56.

POWER
The most relevant potential for use of hydrogen
in power systems is for long-term storage given
renewable sources seasonal variations, such as
lower solar insulation during the winter, as well
as possible climatic disruptions that would affect
power generation in a prolonged manner. According
to the Hydrogen Council, hydrogen power storage
could play the role of decarbonizing the last 1 to 3%
of a net zero grid demand 57, thus playing a role a in
stabilizing power supply in the long term.

FIGURE 04 – ELECTRICITY STORAGE APPLICATIONS

Source: IEA. Technology Roadmap - Hydrogen and Fuel Cells. 2015

50. IEA. Net Zero by 2050. 2021 / 51. IRENA. A Pathway to decarbonize the shipping sector by 2050. 2021 / 52. Michael Liebreich. The Clean Hydrogen
Ladder. 2021 / 53. Hydrogen Council. Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy vector. 2021. 2021 / 54. IEA. Global
Hydrogen Review 2021. 2021 / 55. IEA. Global Hydrogen Review 2021. 2021 / 56. Michael Liebreich. The Clean Hydrogen Ladder. 2021 / 57. Hydrogen Council. Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy vector. 2021. 2021
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On the other side, hydrogen as an alternative for shortterm storage and system balance does not seem so
promising due to the requirement of great availability
of renewable power (especially at relatively low cost)
to ensure a good load factor at the electrolysis facility58.
As such, experts believe it would be costly to deal with
the real-time fluctuations of the grid by producing
and burning hydrogen. Batteries, software, AI and even
other disruptive storage technologies may do better in
this regard (Figure 04)59.

Finally, the decision to use hydrogen must take into
account technological maturity, convenience and cost.
Comparability with other technologies is of utmost
importance, as global players should avoid betting on
a single technology if we are to deliver the transition.
Even with several possibilities of use, hydrogen should
not be considered a miracle solution.

FIGURE 05 – CATAVENTO ANALYSIS BASED ON MULTIPLE SOURCES

Demand for hydrogen
Uses

Advantages

Existing industrial uses

•

E xisting infrastructure

•

P otential use as both energy input and
reducing agent
E xisting pilots and reasonable marginal
abatement cost

New industrial uses (Steel)

•

Barriers
•

Cost of low-carbon hydrogen compared
to fossil-fuel-based

•

Need for technological advancement
at scale
Extensive life cycle of steel mills

•

•

Power

Road transport

Shipping

•
•

•
•

B
 etter suited for large volumes of power
H
 andling of seasonal variations

H
 igher recharge speed than electric vehicles
G
 ood for long trips

•

H
 2-based solutions (ammonia and methanol)
as promising solutions for long distances

•

C
 omplimentary role to bio-based Sustainable
Aviation Fuels (SAF)
C
 ompanies already investing for short/
medium range trips

•

•
•

•

Aviation

•

Inefficient for short-term storage and
grid balance
Batteries and other storage solution
with better fit
Inefficiency compared to batteries
Lower recharging convenience (e.g.: no
charging at home)

Low energy density, requiring large space or
compression. E-fuels could pose a safety risk

Source: Catavento analysis based on multiple sources

58. IRENA. Renewable Power-to-Hydrogen. 2021 / 59. Michael Liebreich. The Clean Hydrogen Ladder. 2021
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3. COMPETITIVENESS OF SUPPLY

Given the role hydrogen can have in different decarbonization applications, it is critical to have a clear
picture on the factors supporting its increased supply
and competitiveness.

First, low-carbon hydrogen is currently more expensive
than the fossil alternative. According to the IEA, the
global average cost is US$ 0.5-1.7/kg for grey hydrogen
while the cost for blue and green hydrogen is US$ 1.02.0/kg and US$ 3.0-8.0/kg, respectively (Figure 06) 60.

60. IEA. Global Hydrogen Review 2021. 2021
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FIGURE 06 – CURRENT HYDROGEN PRODUCTION COST: GLOBAL MEDIAN

Source: Catavento analysis based on IEA. Global Hydrogen Review. 2021; BloombergNEF. Tracking the Hydrogen Economy. 2021; BCG.
The Green Tech Opportunity in Hydrogen. 2021

The cost of electricity, operating hours, CAPEX of electrolysers and their efficiency are critical factors for the
competitiveness of low-carbon hydrogen production,
as illustrated in Figure 08. As an example of the degree
to which these factors would influence price, an electrolyser using alkaline technology today has a CAPEX of

approximately US$ 1000/kW61. Depending on deployment and technology advancements, it could reach
less than US$ 200/kW according to IRENA. The cost
sensibility of green hydrogen can be visualized in Figure
07, when these factors plus different electricity prices
are taken into account.

FIGURE 07 – SCENARIO FOR COST OF GREEN HYDROGEN AS A FUNCTION OF ELECTROLYSER DEPLOYMENT
AND ELECTRICITY PRICES

Electrolyser costs
Electricity prices

US$ 1000/kW in 2020

US$ 307/kW in 2050 *

US$ 65/MWh (average)

US$ 5.2/kg

US$ 3.3/kg

US$ 20/MWh (competitive)

US$ 2.8/kg

US$ 1.4/kg

* At 1 TW of installed capacity. IEA presumes 1.4 TW by 2050 Announced Pledges scenario and 3.6 TW in its Net Zero scenario
Source: IRENA. Green Hydrogen Cost Reduction. 2021

61. Values of US$ 1200/kW in Europe and the US in 2019 and US$ 780/kW in Australia by 2023 are presented in BloombergNEF. Tracking the Hydrogen
Economy. 2021
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FIGURE 08 – POTENTIAL COST REDUCTION TO PRODUCE GREEN HYDROGEN, US$/KG

* Considering the cost of a alkaline electrolyzer today, it would signify a drop from US$ 1000/kW to US$ 200/kW
Source: IRENA. Green Hydrogen Cost Reduction. 2020

Focusing specifically on green hydrogen, the cost of the
electrolyser is one of the most relevant competitive
factors. Both gains in scale and technological development can improve their efficiency, with some analysts
pointing to a potential 80% reduction in electrolyser
cost in the next decades62. Current announcements
amount to approximately 88 GW of electrolyser
installations by 2030. This volume could supply 71% of
the green hydrogen needed in an Announced Pledges
Scenario in 2030, but only 6% in a Net Zero Scenario63.
Furthermore, there are currently different electrolyser technologies available, with different advantages.
Alkaline electrolysers already have a history of use
and are cheaper, while PEM ones take up less space –
an advantage in urban areas – but are more expensive.
These technologies are already undergoing market

uptake, but there are other ones such as solid oxide
electrolyser cells, which have shown potential during
demonstration phase64.
The second major driver for hydrogen competitiveness is the cost of renewable electricity and its
availability. As of today, it is already the reason for
the large variance in the prices for green hydrogen
production: ranging from US$ 3/kg for an electricity
price of US$ 20/MWh to US$ 8/kg for a power price
of US$ 80/MWh65. Additionally, the capacity factor for
solar and wind generation varies dramatically across
different regions, and so does the estimated cost of
hydrogen, with Asia, Africa, Brazil, Chile, US and Australia
as areas with promising potential (Figure 9).

62. IRENA. Green Hydrogen Cost Reduction. 2020 / 63. IEA. World Energy Outlook 2021. 2021 / 64. IEA. Global Hydrogen Review 2021. 2021
65. Goldman Sachs. Carbonomics - Introducing the GS net zero carbon models and sector framework. 2021
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FIGURE 09 – HYDROGEN PRODUCTION COST FROM HYBRID SOLAR PV AND WIND SYSTEMS IN 2030

Source: IEA. Global Hydrogen Review 2021. 2021

As for the availability of large-scale renewable power,
the IEA estimates in its Net Zero scenario that hydrogen electrolysis will require 14,500 TWh by 2050,
which would account for 20% of the world’s electricity supply and more than double the current global
power generation from renewables66. The scale of this
challenge can be exemplified by the land requirement
for renewable generation. In order to generate the
same amount of electricity, solar PV and wind power
occupy an area 80 and 200 times larger than natural
gas-based generation, respectively67.
Illustrating this land occupation challenge: an area of
about 39,000 km² – roughly the territory of Switzerland – in solar panels would be necessary to supply
the power for the global green hydrogen production
expected in 2050 in a net zero scenario68. This estimate takes into consideration the solar potential of
Northeastern Brazil, a region with outstanding solar
power potential.

At the same time, experts point to the risk that hydrogen production competes with other sector’s power
demand. According to IEA estimates, 52% of the announced electrolyser capacity by 2026 will end up using
existing renewable energy69. Thus, the degree to which
this pattern may continue in the next years and what
would be its impact should be properly assessed as
to not compromise other decarbonization fronts.
With regard to blue hydrogen, the price of natural
gas and the cost of capturing and storing carbon
play the relevant role in its cost, and so reserves
of natural gas and available underground storage
potential would be the key regional variable for its
production70. The interest in using carbon capture
technology for blue hydrogen has resulted in almost
50 facilities under construction to capture CO2 from
hydrogen production, representing 39% of all CCUS
facilities being developed today71. According to DNV,

66. IEA. Net Zero by 2050. 2021 / 67. U.S data, Van Zalk and Behrens. The spatial extent of renewable and non-renewable power generation: A
review and meta-analysis of power densities and their application in the U.S.. 2018 / 68. Catavento analysis based on INPE. Atlas Brasileiro de
Energia Solar 2ª Edição. 2017; CanadianSolar. HiKu SUPER HIGH POWER MONO PERC MODULE. 2020 / 69. IEA. Could the green hydrogen boom
lead to additional renewable capacity by 2026?. 2021 / 70. IEA. Global Hydrogen Review. 2021

16

Paper 13

•

Hydrogen Economy

•

December 2021

by 2050 natural gas could account for 36% of the cost
of hydrogen, and CCUS would be responsible for
about 9% of it72.
A critical issue to guarantee blue hydrogen’s role
in a lower carbon economy is the level of fugitive
emissions of methane in the production of natural
gas. Methane has received increased global attention,
as seen during COP26, with more than 100 countries
committing to reduce their methane emissions by 30%

until 203073. Fugitive emissions could compromise the
premise of the hydrogen produced being low-carbon,
highlighting the need for robust regulation and certification of the life cycle emissions of hydrogen production.
Even taking into consideration projected cost reductions, low-carbon hydrogen may still require public
policy support in order to compete with fossil fuel
incumbents, and effectively foster decarbonization,
as can be seen in Figure 10.

FIGURE 10 – FUTURE LEVELIZED COST OF HYDROGEN PRODUCTION BY TECHNOLOGY AND REQUIRED HYDROGEN
PRODUCTION COST IN 2030 FOR BREAKEVEN WITH FOSSIL-FUEL INCUMBENTS, US$/KG

* A negative break-even price means that hydrogen would not be competitive even if it represented no fuel cost, therefore highlighting the
need for public policies such as carbon pricing.
Source: Catavento analysis based on IEA. Global Hydrogen Review 2021. 2021; Hydrogen Council. Hydrogen Insights. 2021

Regarding infrastructure, transportation and storage
are the most critical issues, and their choice will
depend on demand volumes, the location of the
infrastructure in relation to resources for the production and existing networks.

Transportation costs can have a relevant impact on
hydrogen competitiveness. Even when production is
viable in a certain region, the cost to deliver it to the
final client can play a major role in defining final prices.
For example, it is estimated that to export green

71. IEA. Carbon capture in 2021: Off and running or another false start?. 2021 / 72. DNV. Energy Transition Outlook 2021. 2021 / 73. European
Commission. Launch by United States, the European Union, and Partners of the Global Methane Pledge to Keep 1.5C Within Reach. 2021
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hydrogen to Northeastern Asia from places such as
Chile, Australia and the Middle East, conversion to
ammonia and transportation would represent 61 to
69% of the final cost74.
In this scenario, the chosen transportation option will
depend mainly on the volume and distance (Figure 11).
For small volumes and shorter distances, compressed
hydrogen or organic carriers via trucks are the most

viable options, although when it comes to longer
distances, organic carriers (eg.: methanol) become an
alternative for small volumes. For large distances and
volumes, liquefied hydrogen and ammonia via ships are
the most interesting options. For less than continental
distances, compressed hydrogen via pipelines is more a
vantageous when transporting large volumes. In general,
the smaller the volume transported and the longer the
distance covered, the more expensive the transport.

FIGURE 11 – HYDROGEN TRANSPORT COSTS BASED ON DISTANCE AND VOLUME, US$/KG

Source: BloombergNEF. Hydrogen Economy Outlook – Key messages. 2021

Besides the cost to transport hydrogen itself, the
scale of the required infrastructure can also be a
challenge. IEA estimates that the distance covered
by hydrogen pipelines should quadruple in a 2050
net zero scenario, reaching 20,000 kilometers75. In the
short to medium term, blending hydrogen with natural
gas and reusing gas pipelines is seen as an option, with

the IEA estimating that 37% of low-carbon hydrogen
would be injected into gas networks by 2030 76.
A point of attention, however, is the fact that hydrogen has different chemical characteristics from
natural gas, which can embrittle pipelines made for
the latter77, therefore requiring both certification of
adequate pipelines and technical adaptations.

74. Wood Mackenzie. The blue green planet: How hydrogen can transform the global energy trade. 2021 / 75. IEA. Global Hydrogen Review. 2021
76. IEA. Global Hydrogen Review. 2021 / 77. IEA. Global Hydrogen Review. 2021
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As for storage, the IEA estimates that 550 bn m³ of
hydrogen storage would be needed by 2050 in a net
zero scenario78. This is equivalent to 37% more than
the total current global capacity for gas storage (about
400bn m3), showcasing the scale of the challenge79. In
this scenario, two major storage types are seen as the
most promising: geological and human-made. Among
the geological ones, salt caverns are the most analyzed
possibility, as they have been used by the petrochemical
industry to store hydrogen since the 1970s80. Their use,
however, is limited by the existence of geological formations and there may be possible public opposition
regarding impacts on seismic activity81.

As for human-made options, compressed hydrogen and
substances such as ammonia and methanol are seen
as viable. These possibilities remove the geographic
limitation for storage, which can avoid difficulties for
production in certain regions with a smaller potential
for geological storage. However, these are more expensive options as they require either cryogenic freezing
for compressed hydrogen82 or more chemical conversions
and may, even in the future, still be 8 to 17 times more
expensive than storage in salt caves83.
A summarized view of low-carbon hydrogen supply
competitiveness factors is available below:

FIGURE 12 – OVERVIEW OF THE COMPETITIVENESS OF SUPPLY

Competitiveness of supply
Blue hydrogen
•

Key drivers

•

Production
Main challenges

•

Green hydrogen

C
 ost of natural gas
C
 ost of carbon capture usage
and storage (CCUS)

•

M
 ethane from fugitive natural
gas emissions

•

•
•

Cost of renewable power
Electrolyzer CAPEX
Electrolyzer efficiency
Land occupation for
renewable generation

Volume transported and distance from production to use as key determinants
Transportation
Infrastructure

•
•
•

Storage

•
•

T
 rucks – compressed H2 mainly
P ipelines – use of existing natural gas pipelines, albeit with adaptation
S hips – via ammonia or methanol, mostly
G
 eological – salt caverns
H
 uman-made – compressed H2, ammonia and methanol

Source: Catavento analysis based on multiple sources

78. IEA. Global Hydrogen Review. 2021 / 79. IEA. Global Hydrogen Review. 2021 / 80. IEA. Global Hydrogen Review. 2021 / 81. IEA. Global Hydrogen Review. 2021 / 82. IEA. Global Hydrogen Review. 2021 / 83. BloombergNEF. Hydrogen Economy Outlook – Key messages. 2021
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B OX | DIR EC T INVESTMEN T REQ U I REM EN TS 8 4
The growing interest towards hydrogen has been reflected in the volume of resource
allocation already announced. Direct investments totaled US$ 160 bn as of November 2021,
mainly for hydrogen production, followed by end-use and transmission & distribution. However,
only 13% of these are at a point where the final investment decision has already been made, with
the rest having just been announced or in the planning stage. Nevertheless, a 4-times increase in
investments is needed in a net zero scenario compared to announced levels, in order to reach
US$ 700bn through 203085. (Figure 13).

FIGURE 13 – REQUIRED DIRECT INVESTMENTS
UP TO 2030, US$ BN

Source: Hydrogen Council. Hydrogen for Net-Zero –
A critical cost-competitive energy vector. 2021

According to the Hydrogen Council,US$ 7-8 tn
are to be required during the next three decades. This value is significant, but comparable
in scale to what has been invested in upstream
O&G over the last decade (US$ 5.7 tn) and what
would be invested in hydrogen through 2050 in
the IEA’s net zero scenario (US$ 5.4 tn)86.
This level of mobilization is expected to dramatically change energy-related global trade,
with the share of hydrogen in this context reaching 34% in 2050, a value only surpassed by the
trade of critical minerals by the same date (47%)
and bigger than that of oil, natural gas and coal
combined (19%)87.

84. All data in the box is from the Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy vector. 2021, except where
marked differently / 85. Hydrogen Council. Hydrogen for Net-Zero – A critical cost-competitive energy vector. 2021 / 86. IEA. Global Hydrogen Review 2021. 2021 / 87. IEA. World Energy Outlook 2021. 2021
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4. THE ROLE OF PUBLIC POLICIES
AND MULTILATERAL MOBILIZATION

Given the role that hydrogen can play in the energy
transition, some countries and organizations have
been presenting their strategies for developing a
low-carbon hydrogen economy (Figure 14). All strategies presented seek to accelerate the cost-effectiveness
factors and foster a favorable and competitive business environment. However, these plans differ in their
specificities, particularly when comparing developed
and developing countries.
Developed nations have more fiscal room to allocate
public resources to leverage the hydrogen economy
and are also able to bear the costs of a higher carbon
pricing. The European Union, Germany, Japan and the

United States are examples of actors that have
announced robust targets for hydrogen development,
including financial allocation. As an example, as part of
the European Union Fit for 55 plan, 40 GW of electrolysers should be deployed by 2040, leading to a potential
green hydrogen production of 10 Mt88. As for the
use of hydrogen in land transport, it has already been
advocated in the European legislation, with proposals
for hydrogen refueling stations every 150 km89. In the
US, the Department of Energy launched an initiative
seeking to reduce the cost of clean hydrogen by 80%
to US$ 1/kg in one decade90, with US$ 52.5 million also
announced to fund related projects91.

88. European Commission. A hydrogen strategy for a climate-neutral Europe. 2020 / 89. European Commission. Revision Of the Directive on
Deployment of Alternative Fuels Infrastructure. 2021 / 90. US Department of Energy. Hydrogen Shot. 2021 / 91. US Department of Energy.
DOE Announces $52.5 Million to Accelerate Progress in Clean Hydrogen. 2021
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FIGURE 14 – COUNTRIES AND REGIONS WITH HYDROGEN STRATEGIES

Source: Catavento analysis based on – Carbon Brief. In-depth Q&A: Does the world need hydrogen to solve climate change?. 2020 and IEA.
Global Hydrogen Review 2021. 2021

Also regarding announced funds for hydrogen-related
projects, it can be pointed out that Japan has allocated US$ 3.4 billion dollars in two projects, one to develop the hydrogen value chain and another to produce
green hydrogen on a large scale92. Germany is also dedicating US$ 2.4 billion to be distributed in an auction
system to develop electrolyser projects abroad aiming
to import green hydrogen into the country93.
Developing countries, on the other hand, tend to
rely on measures that improve the business environment and the regulatory framework to attract
private companies and foreign investment. Chile
and Brazil are actors whose strategies prioritize these
guidelines, given that they are potential exporters

of green hydrogen. As an example, Chile has already
published a document intended to guide companies
regarding any installation related to the production,
conditioning, transportation, distribution, storage or
consumption of hydrogen as part of its green hydrogen
strategy94. Given that Chile has a renewable potential
that could reach 70 times its needs95, planning is imperative
to reach hydrogen costs in the range of US$ 0.8-1.0/kg by
205096. In this context, the country has the ambitious
targets of having 5GW of electrolysis capacity under
development by 2025, producing the cheapest green
hydrogen on the planet by 2030, and being among the
top three exporters by 204097.

92. Reuters. Japan allocates up to $3.4 bln from green fund to accelerate R&D in hydrogen. 2021 / 93. S&P Global Platts. Germany launches
H2Global system to galvanize green hydrogen imports. 2021 / 94. Government of Chile. Guía De Apoyo Para Solicitud De Autorización De
Proyectos Especiales De Hidrógeno. 2021 / 95. JP Morgan. LatAm Hydrogen. 2021 / 96. IEA. Hydrogen in Latin America. 2021 / 97. Epbr. Hidrogênio
mais barato no Chile, importação superestimada na Alemanha. 2021
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FIGURE 15 – GREEN HYDROGEN PROJECTS ANNOUNCED
AS OF OCTOBER 2021, GW OF ELECTROLYSER BY LOCATION

Source: Wood Mackenzie. The blue green planet: How hydrogen can
transform the global energy trade. 2021

Moreover, global mobilization has already started to
take shape, as illustrated by the initiatives announced
during COP26 in November 2021. Among those are the
Glasgow Breakthroughs, in which governments responsible
for 70% of global GDP agreed to coordinate the introduction of clean technologies, including low-carbon
hydrogen, to rapidly reduce costs and make them the
most affordable and accessible option in high-emitting
sectors before 203098 99. The announcements during
COP26 were not limited to countries, with an unprecedented business presence at the Conference. As an
example, 28 companies led by the WBCSD announced
low-carbon hydrogen pledges regarding supply (18 Mt/yr),
demand (1.6 Mt/yr) and technical/financial support100.
These supply pledges would already amount to 13% of
the demand in 2030 in IEA’s net zero scenario101. Besides
that, multiple initiatives regarding the decarbonization
of end use (e.g., steel, shipping, power) were also announced and could also scale up the hydrogen economy,
such as the First Movers Coalition102.

98. Race to Zero. Glasgow Breakthroughs. 2021 / 99. BCG. Inside COP26: Kickstarting a decade of delivery. 2021 / 100. WBCSD. Hydrogen Pledges. 2021 / 101. IEA. Global Hydrogen Review. 2021 / 102. World Economic Forum. First Movers Coalition. 2021
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5. HOW COULD BRAZIL FIT INTO
THE HYDROGEN ECONOMY?

Brazil has comparative advantages in the low-carbon
hydrogen economy that can be transformed into
competitive ones.
The country currently consumes 400 kt/year of grey
hydrogen. It is the 3rd largest user of hydrogen in
Latin America, although representing less than 1% of
global demand in 2020. Brazilian hydrogen consumption could reach between 700 and 1240 kt/year by
2030 according to the IEA, mainly driven by ammonia
production and steelmaking103.
Given its vast natural resources and competitive
renewable power generation, Brazil could be a leader
in green hydrogen production. It is one of the best

positioned countries for solar and wind power, with
an average solar capacity factor of 31%104 versus 16%
globally105, and a wind capacity factor of 49%106 versus
36% globally107. The deployment of wind turbines in
Brazil has grown significantly over the last decade,
reaching 17.7 GW in 2020, compared to 8.7 GW in
2015, and being one of the top 10 global markets108.
The growth for solar energy has also gained momentum in the last few years, reaching an installed capacity
of 7.8 GW in 2020, compared to 40 MW in 2015109.
In this scenario, BloombergNEF estimates that Brazil
could be on track to have the cheapest green hydrogen by 2030 at US$ 0.8-1.3/kg (compared to Chile’s US$
1.1-2.1/kg)110 and could effectively be the lowest cost
supplier in 2050 (Figure 16).

103. IEA. Hydrogen in Latin America. 2021 / 104. IEA. Projected Costs of Generating Electricity 2020 Edition. 2020 / 105. IRENA. Renewable Power
Generation Costs in 2020. 2021 / 106. IEA. Projected Costs of Generating Electricity 2020 Edition. 2020 / 107. IRENA. Renewable Power Generation Costs in 2020. 2021 / 108. ABBEólica. Boletim Anual Dados 2020. 2021 / 109. ABSOLAR. Infográfico ABSOLAR n° 34. 2021 / 110. BloombergNEF.
‘Green’ Hydrogen to Outcompete ‘Blue’ Everywhere by 2030. 2021
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FIGURE 16 – LEVELIZED COST OF PRODUCING HYDROGEN FROM RENEWABLE ELECTRICITY IN 2050

Source: : BloombergNEF. 1H Hydrogen Levelized Cost Update. 2021

Considering the momentum that hydrogen has been
gaining in the world and the Brazilian potential, the federal government released the guidelines of the National
Hydrogen Program in 2021. The document points to a
technological neutrality in the sense that the government would not choose a single hydrogen technological
route to support. Therefore, renewable electricity, natural
gas, and biofuels to produce hydrogen are mentioned as
potential Brazilian opportunities111.
At the same time, the document also mentions alternative routes such as hydrogen produced from
nuclear energy, plastics and stored in rock formations.
Regarding potential demand, various uses are emphasized, ranging from those already established, such
as in the production of fertilizers, to more disruptive
ones, such as supporting the decarbonization of
steel and heavy-duty vehicles112.

As for its structure, the Program intends to focus on
actions that enable investment, rather than ones which
would use public funds. Ensuring workforce training,
developing technical and economic energy studies,
and detecting technological opportunities and bottlenecks are some of the actions in which the government
seems prone to play a more direct role113.
The instruments presented in the Program intend
to guarantee the future development of the hydrogen
economy in the country, but some subnational and
private actors are already positioning themselves.
The case that has attracted the most attention is
that of the Port of Pecém, in the state of Ceará. As
of October 2021, 5.7 GW of hydrogen production has
been announced, totaling an investment of US$ 18.7
billion114 115 116 117 118 119. The companies involved in the projects so far are EDP, Engie, Enegix, Fortescue and Qair,

111. Ministério de Minas e Energia do Brasil. Programa Nacional do Hidrogênio. 2021 / 112. Ministério de Minas e Energia do Brasil. Programa
Nacional do Hidrogênio. 2021 / 113. Ministério de Minas e Energia do Brasil. Programa Nacional do Hidrogênio. 2021 / 114. Enegix. Enegix Energy
to build US$5.4 billion green hydrogen facility in Brazil. 2021 / 115. Government of Ceará. Green Hydrogen Hub: agreement between the Government of
Ceará and Fortescue provides for investments of $6 billion and 3,300 jobs. 2021 / 116. Government of Ceará. Ceará will receive the first green hydrogen
plant in Brazil, operating as early as 2022 . 2021 / 117. Government of Ceará. Government of Ceará and Qair Brasil sign agreement to develop renewable
energy projects with an investment of US$ 6.95 billion and generation of 2,600 jobs . 2021 / 118. Engie. ENGIE and the Ceará State Government execute
agreement for a green hydrogen project at the Port of Pecém . 2021 / 119. Government of Ceará. Green Hydrogen: in Rotterdam, the Government of
Ceará signs a memorandum that foresees an investment of 2 billion dollars. 2021
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in addition to the Government of Ceará itself, having
signaled its institutional support. Other projects to be
developed are also concentrated at port complexes
that could leverage on both industrial demand and
exporting infrastructure, such as Porto de Suape, in
the state of Pernambuco, and Porto do Açu, in the
state of Rio de Janeiro.
Another relevant point about the Plan’s guidelines is
that it includes hydrogen produced with hydroelectric
power in the green category120. Given the importance

of hydroelectricity in the Brazilian electricity matrix
(65% in 2020121) and the country’s know-how, it is important to ensure that green hydrogen certification can
include this route if it were to be used.
Finally, as public funds and tax incentives should not be
viable in the Brazilian context, it is important to promote
trade liberalization in order to welcome investments and
guarantee the access to the most competitive technological solutions.

120. Ministério de Minas e Energia do Brasil. Programa Nacional do Hidrogênio. 2021 / 121. EPE. Balanço Energético Nacional 2021. 2021
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6. FINAL REMARKS

The transition to a low-carbon economy will require
the deployment of all viable technologies. As hydrogen
is very well positioned in terms of its contribution to
decarbonization, its production, demand and infrastructure have been receiving a lot of attention and
investments globally. But it is imperative to ensure that
the hydrogen used on this journey is clean at its source.
It is also important to stress that hydrogen is not a
miracle solution, nor the best possible solution for all
speculated uses.
Furthermore, competitiveness for both production and
usage vary dramatically around the world. It is therefore crucial that countries seek to explore the potential

that is most suited to their geographic and economic
reality, relying on their natural vocations.
Brazil, as a powerhouse of renewable generation, has
the possibility to stand out in this economy. Companies are already aware of the Brazilian potential and
the government is mobilizing to deliver a strategy that
makes investments increasingly viable. The continuous
exchange of knowledge between these entities has
been and will continue to be essential to achieve success
in this endeavor. Business opportunities are plenty, and
socioeconomic development may be leveraged if the
country aligns itself with the future of energy. It’s time
to get to work.
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