
EQ
U

IT
Y 

RE
SE

A
RC

H RBC Europe Limited
Biraj Borkhataria, CFA 
(Analyst)
+442070297556
biraj.borkhataria@rbccm.com
Erwan Kerouredan  (Analyst)
+44 20 7029 0855
erwan.kerouredan@rbccm.com

John Musk  (Analyst)
+44 20 7029 0856
john.musk@rbccm.com
Mitchell Wotton  (Senior
Associate)
+44 7523 929 607
mitchell.wotton@rbccm.com

October 19, 2020

Navigating the Energy Transition
#2: Hydrogen or Hype-rogen?
Our view: Last week we hosted the second session in RBC’s Navigating the Energy Transition series,
focusing on the Hydrogen economy. Growing supply of hydrogen could have implications for many
sectors over time. In this note, we outline the key takeaways from the session, while also providing
more context and background on the topic. Please contact your RBC Capital Markets representative for
replay details.

The importance of Hydrogen: Both blue and green hydrogen look set to play a key role in a cleaner
economy globally over time, but today hydrogen remains a minimal part of the economy. As part of the
European Green Deal, the European Commission has published targets for hydrogen including 40GW
of electrolyser capacity in the EU by 2030, and many countries have followed suit, including Germany,
Japan and South Korea. Hydrogen is likely to be a solution to de-carbonize longer-distance travel, while
it is also a solution for processes where electrification is not viable. Its function as a store of energy, as
well as its characteristics as an energy dense fuel leave it well placed for a number of applications.

Deflating costs of renewable power and rising carbon prices likely to make hydrogen more
competitive: Blue hydrogen today costs ~$2-2.5/kg, versus green hydrogen in the $2.5-6/kg range.
In a $50/t carbon price scenario, our midstream team expects these to fall to $1.5/kg and $2.6/kg,
respectively by 2030. We think an even higher carbon price would swing economics towards Green
over Blue. That said, for green hydrogen, around 75% of the total cost of production comes from power
generation, and with both solar and wind costs deflating, costs could fall further over time. While some
companies (e.g. Shell) have pushed the merits of hydrogen for some time, growing investor & societal
pressure to de-carbonize all sectors has put the emphasis on many corporates, from energy producers
to consumers, to collaborate in order to accelerate development over the next decade.

Who benefits from a growing hydrogen economy? We expect hydrogen to play a meaningful role in
fuel supply to multiple sectors, including heavy duty trucking, marine, steel, cement, chemicals and
potentially even aviation over time. If carbon capture costs deflate as we expect, blue hydrogen will likely
be an area of growth over 2020-30, while Green hydrogen could become more meaningful thereafter.
As blue hydrogen grows, this could create a new lease on life for gas infrastructure globally, as hydrogen
can be blended with natural gas for transport purposes. The world would also demand more electrolyser
capacity, and this segment is likely to need to grow by an order of magnitude relative to today. Finally,
as the green hydrogen segment grows, we expect water management, treatment and availability to
become critical factors in sustainability over time.
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Navigating the Energy Transition: #2 Exploring the Hydrogen economy 
Last week we hosted the second session for RBC’s Navigating the Energy Transition Series. We 
focussed on the potential of Hydrogen. Clearly this is a complicated topic and one that cannot 
be given true justice in a one hour call. Later on in the series we will look to focus on hydrogen’s 
applications in key end markets. This note runs through the takeaways from the conversation 
while we also include more details and background on the role and potential of Hydrogen as a 
fuel and storage source. We do so in order to help broaden knowledge on what has become a 
household name as policy makers set ambitious targets to reduce carbon emissions.  

The panel included: 
 Grete Tveit, SVP & Head, Low Carbon Solutions for Equinor 
 Thorsten Herbert, Director Market Development & Public Affairs for NEL Hydrogen 
 Andy Brown, Senior advisor to McKinsey, ex-Shell Head of Upstream, Advisor to ZeroAvia, 

a hydrogen based aviation company 

What is Hydrogen? 
“Hydrogen is a versatile, clean, and safe energy carrier that can be used as fuel for power or in 
industry as feedstock. It can be produced from (renewable) electricity and from carbon-abated 
fossil fuels. It produces zero emissions at point of use. It can be stored and transported at high 
energy density in liquid or gaseous form. It can be combusted or used in fuel cells to generate 
heat and electricity” Hydrogen Council.  

As such, hydrogen has many commercial uses, including energy production and storage, 
creating a substitute to viable industrial energy applications and hydrogen has become the 
‘next new thing’ on a journey through the energy transition. However, the technology is not 
new, but it has been a niche area of the energy sector for some time.  

How is it produced?  
Hydrogen is everywhere, although bonded when found in nature and must undergo industrial 
processes to be captured in a pure form. Hydrogen is most commonly found in a compound 
form such as water (H2O), natural gas methane (CH4), among other fossil fuels and biomass 
and therefore must be separated for isolated use. There are different denominations for the 
type of industrial hydrogen based on the method by which it is produced as seen below: 

 Green Hydrogen is formed through electrolysis where an electrical current splits water 
into hydrogen and oxygen. When electricity is obtained through renewable sources, no 
carbon is emitted. 

 Grey Hydrogen, often called steam reforming, is the process of splitting fossil fuel 
hydrocarbons (mainly natural gas) with high temperature pressurized steam. Carbon 
waste remains an unfortunate outcome of grey hydrogen. 

 Blue Hydrogen is the process of producing grey hydrogen, and capturing the carbon 
emissions, often called carbon capture storage (CCS). This was the topic for our first 
energy transition segment found here. 

Not a new concept 
Discovered in 1800, electrolysis and the process for creating industrialised hydrogen are not 
new. However, in recent years hydrogen has become a household name as policy makers set 
ambitious goals to reduce emissions. The EU is currently targeting to reduce emissions 60% 
by 2030, and grow installed hydrogen capacity from 1GW today to 6GW by 2024 and 40GW 
by 2030. The UK has also ambitiously targeted ‘net zero’ emissions by 2050. In addition, as 
electrification cannot solve all emissions related problems as many industrial processes such 
as steel, cement and chemicals manufacturing result in carbon byproducts, where hydrogen 
can substitute.  Emissions targets are in place, and hydrogen is becoming more commonly seen 
as a viable alternative to the current carbon producing fuels in our energy and industrial mix.  
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Why hasn’t Hydrogen taken off already? Is this time different? 
Shell is well known for being one of the early pioneers in Hydrogen and is currently the #1 
seller of hydrogen fuels globally. On the call, Andy Brown noted that Shell’s initiatives began 
in 1999, and Shell Hydrogen was created a year later. Unfortunately, development never took 
off as expected, as stakeholders were not necessarily aligned. At the time, development was 
focussed on the auto industry. NEL highlighted the “Scope 3” debate as a critical factor that 
has pushed hydrogen back on the agenda, as many corporates in other sectors need to find a 
way to reduce absolute emissions, and hydrogen is now seen as a solution where 
electrification is not viable. Given blue hydrogen is likely to help and boost the development 
of green hydrogen over time, there is some complementarity between hydrogen and CCS 
development, and based on our prior call, we think there is likely to be significant cost deflation 
in both segments over time. 

Exhibit 1: Cost competitiveness of hydrogen applications versus low-carbon conventional 
alternatives 

 

Source: Hydrogen Council 

 

Where does it go?  
Given the versatility of Hydrogen, it could be utilized in many sectors, although this is subject 
to the cost competitiveness with the incumbent fuels used. One key application would be 
converting hydrogen into heat, power or electricity. In addition, commercial uses of hydrogen 
for grid applications include the following: 

 Green hydrogen can be used for heat and power for buildings through existing 
infrastructure contributing to a small part of the fuel mix within natural gas networks. 

 Green hydrogen can be created by using excess renewable electricity, storing green 
hydrogen created through electrolysis, and producing power back into the grid cleanly as 
hydrogen fuel produces no carbon emissions. 

 For sectors where high energy density is needed to create heat, hydrogen is a more 
natural solution than batteries  due to its greater energy density. 

Effectively, hydrogen could be a solution for where electrification is not feasible, i.e. where a 
large amount of energy is needed. Over the coming decades, we would expect heavy duty 
transport, Chemicals, Cement and Steel to all be key end users of hydrogen.  
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Zooming in on ZeroAvia, and hydrogen for aviation 
Andy Brown (ex-Shell’s head of upstream) is working alongside ZeroAvia, a hydrogen focussed 
aviation company. Andy believes hydrogen based aviation is a fast-growing segment given 
consumers enjoy travelling but are becoming more cautious about their CO2 footprint. 
Alternatives such as biofuels could be an option, however are more difficult from a land-use 
perspective, while batteries are unlikely to be a viable solution for aviation due to energy 
density.  

ZeroAvia recently conducted its first hydrogen-electric flight last month, and the company is 
targeting air travel for 500 mile short-haul trips, at half the current cost, with commerciality 
targeted in the early to mid 2020s. 

Exhibit 2: Industrial process for sources and uses of hydrogen 

 

Source: IRENA 

 

Private support – Industry, Utilities, Transport and Energy 
Recent project announcements or statements of intention from major industrial players 
include Mitsubishi Power, with plans to build three green-hydrogen plants in the US and 
collaborate with utility firm Entergy for green hydrogen production, storage and 
transportation.  

Other illustrations in the Utilities sector include RWE, which plans to supply hydrogen to steel 
maker Thyssenkrupp and use it at its future LNG facility in Germany. Orsted recently backed a 
project to power fleet buses and trucks using green hydrogen, with end users including 
shipping firm Moller-Maersk and Scandinavian airline SAS. 

In the transportation space, Airbus expects the first zero-emission commercial aircraft to fly 
by 2035 as it  is working on several hydrogen-powered planes. Hyundai announced the 
introduction of a fleet of 50 hydrogen-powered trucks in Switzerland. 

In the Energy sector, Chevron has recently joined the Hydrogen council alongside European 
Supermajors. During Total’s Capital Markets Day last week, CEO Patrick Pouyanne stated that 
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the development of Hydrogen was a major driver behind the firm’s solar and wind ambitions, 
which have been increased from 25GW to 35GW by 2025. 

Exhibit 3: Hydrogen Council members  

 

Source: Hydrogen Council, RBC Capital Markets 

 

Policy support across key markets 
Current policy frameworks are in early stages with most jurisdictions maintaining high level 
renewable or carbon reduction targets, although we expect this to change as regions focus in 
on specific technology support over the next decade. The EU has set precedent, outlining 
targets for 40 GW of hydrogen electrolysers by 2030, setting aside up to €470bn by 2050, in 
turn creating a global marketplace for hydrogen, which could be traded as a commodity. In 
Germany, the gov’t sees green hydrogen as key in “rebuilding” Germany’s industry towards 
the zero emissions target by 2050. Germany has a stated goal of installing 5GW of green 
hydrogen by 2030 and an additional 5GW by 2040.  Similarly, France has outlined €7.2bn in 
support for hydrogen projects to grow to 6.5GW by 2030. The UK has not formally 
implemented hydrogen targets, but has committed to investing £800m by 2030 in CCUS 
project (blue hydrogen) as part of their ‘net zero’ by 2050 goals. The world’s largest economies, 
US and China, have not formalised stringent hydrogen policy, although have focused goals 
more pointedly in hydrogen fuel cells for vehicles, rather than grid applications. 
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Exhibit 4: Hydrogen policy targets by countries  

 

Source: Country reports 

 

Key challenges for the Hydrogen sector 
In our view three main challenges limit the development of green hydrogen: Cost, power grid 
and supply chain constraints. 

Economics relative to incumbent fuels 
Neither green nor blue hydrogen are currently competitive compared to fossil-based 
hydrogen. According to various estimates Blue hydrogen typically costs around $2-2.5/kg while 
green Hydrogen falls in the wider range of $2.50-6/kg. By comparison, the cost of grey 
hydrogen is below $1.5/kg. In a $50/t carbon price scenario, our midstream team expects 
these to fall to $1.5/kg and $2.6/kg, respectively by 2030. A higher carbon price would swing 
economics towards Green over Blue. Based on comments from NEL, around 75% of the cost 
of green hydrogen comes from the power cost, so as solar and wind cost shave deflated, this 
should help Green hydrogen become more competitive. As highlighted in our prior note on 
carbon capture, as the industry scales up, costs should also fall.  

Reducing the cost of electrolysis is key to improving the economics of green hydrogen. 
According to the European Commission the cost of electrolysers has already been reduced by 
60% since 2010 and is expected to be reduced by a further 50% over the next decade driven 
by improved economies of scale. We expect an unequal development of blue / green 
hydrogen across geographies, with blue and green approaches converging in regions where 
renewable energy is more widely available and less costly.  

The availability of renewable power 
Power grids will undergo strain over the next decade as economies shift focus to a less carbon 
intensive future. Growth in electric vehicles (EV’s) as consumers move away from fossil fuel 
internal combustion engines (ICE’s) in the coming generation for autos would create 
heightened grid demand. There will also be a continued focus on renewable electricity, which 
requires a flexible and reliable grid to cope with the unpredictable nature of renewable output. 
According to National Grid, record grid balancing costs have reached over £1bn YTD which 

Region Key policy elements

European Union (EU) - EU can turn clean hydrogen into a viable solution, installing at least 6 GW of renewable hydrogen and 

electrolysers in the EU by 2024 and 40 GW of renewable hydrogen electrolysers by 2030

- EU's €750bn recovery plan for ‘Next generation EU’

- €1tn of support over 2021-30 in the EU Green Deal to help the EU hit net zero targets by 2050

UK - Target 'Net Zero' greenhouse gas emissions by 2050

- Committed to investing at least £800m on CCUS (blue hydrogen) deployment in at least two sites ; one by the 

mid-2020s and   a second by 2030

Germany - Carbon neutral by 2050

- 5GW of hydrogen production capacity by 2030, with another 5GW by 2040

- €7bn earmarked for green hydrogen, and another €2bn to build up partnerships with other countries .

France - €7.2bn euros by 2030 and a hydrogen production capacity of 6.5GW by 2030

- National H2 committee established

Japan - Target based policy

- Targeting cost of hydrogen for power generation to 17 JP¥/MWh (~£125/MWh) by 2030

Australia - Advancing Hydrogen Fund has up to $300 mill ion available to support the growth of a clean, innovative, 

safe and competitive Australian hydrogen industry

- In 2019, ARENA announced the Renewable Hydrogen Development Funding Round of up to $70 mill ion for 

hydrogen

South Korea - 15 GW of fuel cell  for power generation by 2040

China - 1 mill ion Hydrogen fuel cell  vehicles by 2030

US - Department of Energy (DOE) to invest up to $100m over five years

- DOE announced approximately $64m for funding for 18 projects that will  support affordable hydrogen 

production, storage, distribution, and use

- No formalized national policy
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is ~55% higher than last year and in part due to the increased renewable penetration on the 
UK electricity system. There is both a challenge and opportunity for green hydrogen in the 
next decade to utilize excess grid capacity for storage.  

There is also a grid application for hydrogen in CCUS and as a fuel source to decarbonise the 
generation and reach ‘net zero’ country emission targets.  The UK’s Committee on Climate 
Change (CCC) estimate that 270TWh of low carbon hydrogen could be needed to reach net 
zero targets by 2050, where hydrogen obtained and stored through low carbon methods 
(green hydrogen) could be used as a fuel source in peaking plants, or as a mix with traditional 
fuel sources such as natural gas. Currently, around 50% of the UK electricity demand is met 
by gas generation. 

The supply chain 
The efficient, safe and reliable storage of hydrogen is vital to commercial feasibility in 
transport, delivery and fuel applications. Hydrogen is complex to store, transport and deliver 
given its low density as the lightest molecule. At atmospheric pressure, 1kg of hydrogen 
occupies over 11m3 at room temperature, requiring high degrees of pressure or energy to 
store at commercial scale volumes. With that, there are three main mediums for storing 
hydrogen: 

 Storage as a gas is the most common current storage solution for hydrogen, requiring high 
pressure tanks at 350–700 bar (5,000–10,000 psi). According to Air Liquide, 5kg of 
hydrogen can be stored at 700 bar in a 125L tank, which would equate to roughly 500km 
of range in a consumer vehicle. Compressed gas would also be the most viable industrial 
solution for producing power. 

 Liquefied hydrogen which must be stored at –253 °C. The process for liquefied hydrogen 
in energy intensive and expensive. Major applications for liquefied hydrogen have been 
as a fuel source in space where ambient temperatures prevent liquefied hydrogen from 
warming and expanding. 

 Materials based storage involves absorbing hydrogen into reversible chemical 
compounds where hydrogen can later be extracted. Natural gas is a natural carrier of 
hydrogen, however ammonia and some solid metallic hybrids can be used to store low 
volumes of hydrogen. 

Exhibit 5: Transporting & storing hydrogen in various states 

 

Source: Royal Dutch Shell 

There are current developments for grid scale hydrogen across Europe and Asia. Earlier in 
2020, Japan unveiled the world’s current largest green hydrogen plant in Fukushima at 10MW. 
The plant is currently powered by a 20MW solar and the hydrogen storage facility  

There are other grid scale projects across Europe such as Iberdrola and Fertiberia’s €150m 
green hydrogen plant in Puertollano that will have a 100MW photovoltaic solar plant, a 
lithium-ion battery system with a storage capacity of 20MWh and a 20MW electrolytic 
hydrogen production systems.  

Navigating the Energy Transition

October 19, 2020 8



Other factors 
For Green hydrogen, another factor that is relevant is water availability, given electrolysis is 
used to split water (H2O) into hydrogen and oxygen. According to various studies, every 
kilogram of hydrogen involves ~9kg of water, both in the electrolysis process, and in the fuel 
cell. Thus, as the green hydrogen economy grows, water management, treatment and 
distribution could become critical factors in its success over time. 
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