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• Hydrogen is poised to take up many roles through the low-carbon transition - mainly in transportation, 
aviation, energy storage, and industry.

• The area where it’s use is virtually guaranteed is in replacing natural gas within hard-to- decarbonize in-
dustries like steelmaking, chemicals, and cement.

• The recent surge in natural gas prices (currently at around €70/MWh [Dutch TTF] - as of Feb 15 2022) - 
an input for both blue and grey hydrogen - has made green hydrogen produced with cheap renewable 
energy cost competitive as a replacement for natural gas and blue hydrogen.

• The Hague’s ruling vs. Shell plc in May of 2021 - mandating them to lower all scope emissions by 45% 
by 2030 - set the tone for the European energy sector’s transition towards a zero-carbon future around 
hydrogen.

• Shell and BP are becoming leaders in hydrogen while US oil giants lag behind and hedge their bets on 
traditional sectors.
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 A common misconception surrounding hydrogen is that it is often seen as a “clean” energy source; 
however, as it currently stands, this is not entirely accurate as ~90% of hydrogen is produced from non- re-
newable sources such as natural gas and coal, while only ~2% of global hydrogen is produced from renew-
able sources. There are numerous ways that hydrogen can be produced, however covering all the different 
methodologies of hydrogen production is beyond the scope of this brief, which and will focus on three dif-
ferent types: grey, blue, and green hydrogen. Before covering the three main types of hydrogen, the graph 
below demonstrates the breakdown of current hydrogen usage.
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https://home.kpmg/xx/en/home/insights/2020/11/the-hydrogen-trajectory.html#:~:text=Cost%20of%20green%20hydrogen%20from,is%20cost%2Dcompetitive%20with%20blue.
https://home.kpmg/xx/en/home/insights/2020/11/the-hydrogen-trajectory.html#:~:text=Cost%20of%20green%20hydrogen%20from,is%20cost%2Dcompetitive%20with%20blue.


The illustration below provides a breakdown of the three main types of hydrogen and how each one is 
created

 As it currently stands, the average cost of producing green hydrogen is over 50% higher than the cost 
for producing grey or blue hydrogen. Grey hydrogen could be as low as $1/kg in regions where natural gas is 
abundant, and blue hydrogen is unsurprisingly more expensive as it factors the cost of the CCS technology. 
/�i�V�ÃÌ�À>�}i�v�À�}Àii���Þ`À�}i���Ã�Ã�}��wV>�Ì�Þ��>À}iÀ than the ranges for blue or grey, as it varies depend-
ing on renewable energy costs in different regions, and the cost for the electrolyser technology. The costs 
for grey and blue presented here and later in this section, are based on gas prices of around $3.4/kg which 
have now increased by over 30 times in Europe. This has in turn pushed the cost of grey and blue hydrogen 
to hover around $10/kg - making green hydrogen more attractive as a substitute for both gas-derived hydro-
gen and natural gas itself. If the current trend in gas prices continue, green hydrogen is poised to become 
cheaper than grey and blue hydrogen sooner than 2050.
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 In recent years hydrogen has become a rising 
star in potential candidates to replace convention-
al energy sources such as coal and natural gas to 
achieve a true net zero economy. The application 
for Hydrogen is bountiful, as it is Ã�}��wV>�Ì�Þ���Ài�
energy dense as compared to fossil fuels; hydrogen 
has an energy density of 120MJ/kg which is three 
times more that of diesel or gasoline. Moreover, a 
kilogram of hydrogen has the same amount of en-
ergy as 2.8kg of gasoline, this can be particularly 
useful for electricity production as a kilogram of 
hydrogen equates to 33.6kWh of energy where a 
kilogram of diesel produces 12-14kWh of energy. 
Currently, hydrogen has been deployed in various 
applications, namely transport and energy produc-
tion. New Zealand� �Ã� >���}� Ì�i� wÀÃÌ� V�Õ�ÌÀ�iÃ� Ì��
announce the complete phasing out of natural gas 
in favour of hydrogen by 2050. Japan, in a similar 
trend, is on track to achieving 1 GW of power ca-
pacity based on hydrogen by 2030. While currently 
hydrogen makes up only 0.2% of electricity gener-
ation globally, rapid development and maturity of 
hydrogen production technologies in tandem with 
government policies and investment into hydrogen 
technology has been a catalyst for the rapid growth 
and interest in hydrogen-based energy production 
in recent years.

 Another notable application for hydrogen 
in achieving a net-zero economy is hydrogen fuel 
cell vehicles (FCEVs). Like hydrogen-based energy 
production, FCEVs represent a very small fraction 
of vehicles on the road, only 0.01%. However, the 
share of FCEVs has been rapidly growing in recent 
years as more than 40,000 FCEVs were on the road 
by the end of June 2021, with more than 8,000 ve-
��V�iÃ�Li��}�Ã��`����Ì�i�wÀÃÌ��>�v��v�ÓäÓ£°�
ÕÀÀi�Ì�Þ]�
South Korea occupies the largest FCEV market, with 
more than ~1/3 of global FCEV sales residing in the 

country, largely due to the government’s aggressive 
policies for FCEV adoption with national and local 
governments offering up to $30,000 in subsidies. It is 
expected that countries with ambitious climate poli-
cies will adopt similar policies to Korea to boost FCEV 
sales. Government policies in tandem with hydrogen 
technologies reaching economies of scale, more than 
six million FCEVs could be on the road globally by 
2050.
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https://www.idealhy.eu/index.php?page=lh2_outline#:~:text=1%20kg%20of%20hydrogen%20contains,www.h2data.de).
https://www.idealhy.eu/index.php?page=lh2_outline#:~:text=1%20kg%20of%20hydrogen%20contains,www.h2data.de).
https://afdc.energy.gov/fuels/hydrogen_basics.html#:~:text=The%20interest%20in%20hydrogen%20as,filling%20time%20and%20high%20efficiency.
https://afdc.energy.gov/fuels/hydrogen_basics.html#:~:text=The%20interest%20in%20hydrogen%20as,filling%20time%20and%20high%20efficiency.
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 Clean Hydrogen can be guaranteed to play 
multiple roles as we transition towards a lower-car-
bon economy. Hydrogen will have the highest im-
pact within the hardest to decarbonize industries 
such as steelmaking, cement, and chemicals as it 
replaces natural gas. These industries are hard to 
decarbonize due to their need for very high heat 
through their processes. The prospects for hydro-
}i��Ì�Ü>À`Ã�Ì�i�`iV>ÀL���â>Ì����>�`�i�iVÌÀ�wV>Ì����
of transport are also high, as it can act as a bridge 
to extend renewable energy over longer distanc-
es within the transportation sector. It can also step 
into power aviation in the long-term (net-zero 2050 
future) through combustion or hydrogen fuel cells 
instead of regular electric batteries, as a 6.6 million 
pound electric battery would be required to power 
Ì�i�>ÛiÀ>}i�y�}�Ì�Ü�Ì��i�iVÌÀ�V�ÌÞ°� -����>À�Þ]� �Þ`À�-
gen is poised to serve as a clean source of stabiliz-
ing energy to mitigate the intermittency of renew-
able energy sources.

 The biggest challenge for clean hydrogen 
(mainly green and blue) has often been quoted as 
the cost of carbon capture when referring to blue 
hydrogen, and the cost of clean fuel or the electrol-
yser, depending on whether you are in North Amer-
ica or Europe, with regards to green hydrogen. 

 Concerning the potential for replacing nat-
ural gas, the biggest issue is that the infrastructure 
in place for natural gas is not suitable to manage a 
higher volatility gas like hydrogen at concentrations 
exceeding 17% by volume. Some replacement or 
refurbishment will be inevitable, as is currently un-
derway in the Netherlands. Replacing infrastructure 
is necessary due to hydrogen’s energy dense and 
light nature. It contains more than 2x the energy per 
mass of the substance when compared to natural 
gas (~120 Mj/kg vs. 55 MJ/kg), but it also requires 

more pressure to contain and compress.
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https://www.belfercenter.org/sites/default/files/files/publication/Mission%20Hydrogen.pdf
https://www.brookings.edu/research/the-challenge-of-decarbonizing-heavy-industry/#:~:text=Steel%2C%20cement%2C%20and%20chemicals%20are,long%20asset%20life%2C%20and%20trade
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https://www.nytimes.com/2021/11/15/business/airplanes-hydrogen-fuel-travel.html
https://www.sciencedirect.com/science/article/abs/pii/S0360319906004940
https://afdc.energy.gov/files/u/publication/fuel_comparison_chart.pdf


 Crucially, recent research shows that blue hydrogen (from fossil fuels, with CCS) potentially includes 
more emissions through its entire supply chain than simply burning natural gas, mostly due to leakage. If 
this is true, it means that the only real viable type of hydrogen for the low-carbon transition would be green 
hydrogen, which up until recently was in no way cost-competitive with natural gas.

 As we mentioned earlier in this report, green hydrogen is estimated to cost between 3 USD/kg - 6.5 
USD/kg as of Q2 of 2021. This is the levelized cost which accounts for the upfront investment, and subse-
quent generation costs of using hydrogen into an average net present value number. At 33.6 KWh/kg in 
ÌiÀ�Ã��v�i�iVÌÀ�V>��i�iÀ}Þ]�Ì��Ã�ÌÀ>�Ã�>ÌiÃ�Ì��À�Õ}��Þ�Èä�1-�É�7����£nä�1-�É�7�°�����ÕÀ�wÀÃÌ�LÀ�iv�Ü�Ì����
this series of commodities through the low-carbon transition, we analyzed the volatile natural gas prices of 
Q1/2022 within the context of Europe. As of February 2022, these prices have begun to settle at around 
85 €/MWh or ~96 USD/MWh. At these unprecedented rates, green hydrogen produced with the cheapest 
renewables (mainly utility-scale wind and solar) has a cost competitive angle when compared to natural gas.
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https://www.nytimes.com/2021/08/12/climate/hydrogen-fuel-natural-gas-pollution.html
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/experts-explain-why-green-hydrogen-costs-have-fallen-and-will-keep-falling-63037203
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/experts-explain-why-green-hydrogen-costs-have-fallen-and-will-keep-falling-63037203


 This will likely continue to be the case, but because there is an infrastructure limitation to the replace-
�i�Ì��v��>ÌÕÀ>��}>Ã�Ü�Ì���Þ`À�}i�]�Ì�i�wÀÃÌ�«À��iVÌÃ�Ì��Ì>�i����`�Ü����Li�Ì��Ãi�Ì�>Ì�V>��ÃÌ��>V��>��>À}i�V>«-
ital investment to upgrade infrastructure for longer term cost savings and are relatively isolated. This means 
cash-rich, hard-to-decarbonize industries. As the cost of renewable energy keeps decreasing, making green 
hydrogen cheaper, while simultaneously the cost of natural gas continues to go up, we will be able to justify 
large- scale overhauls of natural gas infrastructure throughout cities and buildings. This will likely only occur 
in themedium-to-long term, and at the same time, we will likely never see natural gas replaced entirely (10-
20%) of end uses likely to remain) as these networks of pipes and infrastructure are highly interconnected, 
complex, and widespread.
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 The future potential of hydrogen as an alternative fuel and strong source of revenue has become clear 
Ì��iÛi��Ì�i��>À}iÃÌ�}��L>��i�iÀ}Þ�wÀ�Ã]�Ã��i��v�Ü��V���>Ûi�Li}Õ��Ì��Ì>�i�Ã�}��wV>�Ì�ÃÌi«Ã����Ì�i�À�µÕiÃÌ�Ì��
become a zero-emission industry. Currently, however, robust aggregate demand for oil products continues to 
outpace supply in economies throughout the world, with global futures benchmarks listing the commodity at 
~$92/barrel. Supply shortages are exacerbated by external factors such as weather, damaged infrastructure, 
>�`�v>����}���Ûi�Ì�À�iÃ����Ì>��iÀÃ°�
ÕÀ�«i>��i�iÀ}Þ�wÀ�Ã�>Ài�Ã��Õ�Ì>�i�ÕÃ�Þ�v>Vi`�Ü�Ì����}��Õ�ViÀÌ>��Ì�iÃ�
>À�Õ�`�Ì�i�1�À>��i�V��y�VÌ°�
ÕÀ�«i>������}�>�ÌÃ]���V�Õ`��}�BP plc and Shell plc hold large stakes in Russian 
energy giant Rosneft PJSC and a Gazprom PJSC-led LNG project respectively. 

 Rosneft accounts for 30% of BP’s oil and gas productions and thus generates a large portion of BP’s 
vÀii�V>Ã��y�Ü°�/�i�VÕÀÀi�Ì�Õ�ViÀÌ>��ÌÞ�>À�Õ�`�Ì�i�ÀiVi�Ì�iÃV>�>Ì�������1�À>��i�«�ÃiÃ�>�ViÀÌ>���À�Ã��v�À�Ì�i�ÌÜ��
European oil giants, as they seek progress with their commitments towards zero-carbon with the help of their 
V>Ã��y�Ü�}i�iÀ>Ìi`�vÀ���Ì�i�À�ÌÀ>`�Ì���>��ÃiVÌ�ÀÃ°
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https://www.bloomberg.com/news/articles/2022-01-30/oil-punches-higher-at-the-week-s-open-on-demand-outlook-ukraine
https://www.bloomberg.com/news/articles/2022-01-31/bp-s-russian-risk-rises-again-as-ukraine-crisis-simmers
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 As such, the European competitors appear to 
Li�Ì�i�wÀÃÌ�Ì���>�i��iÌ�âiÀ��V����Ì�i�ÌÃ�L>V�i`�
by action. Notable here has been the Hague’s rul-
ing on Shell’s carbon emissions in May 2021, in 
which the oil giant was ordered to reduce the car-
bon emissions of its suppliers, customers, and its 
own production by 45% in 2030, setting a new 
tone on the continent. While the ruling is limited 
to Dutch law and subject to appeal, it nonetheless 
will require Shell to accelerate its energy transition 
plans by spending an annual $3 billion USD on re-
newables and low-carbon technologies, i.e. ~30% 
�v�Ì�i�wÀ�Ã�LÕ`}iÌ��}�v�À��ÌÃ�Õ«ÃÌÀi>��LÕÃ��iÃÃ��v�
exploration and production. Analysts speculate that 
i�iÀ}Þ� wÀ�Ã� Ü�Ì�� ÃÕLÃ�`�>À�iÃ� ��� Ì�i�  iÌ�iÀ�>�`Ã�
could be facing similar litigation in the near future, 
possibly across Europe, as the European Union (EU) 
commission commits to a greener future.

 In response to EU policies and mounting le-
gal pressure in key markets, the European oil giants 
BP and Shell]� �>Ûi� Li}Õ�� Ì�� ÀiÃ�Õvyi� L�Ì�� Ì�i�À�
strategies and senior roles as they strive to imple-
ment their low carbon plans. BP is planning to con-
struct a green and blue hydrogen base in Teesside, 
United Kingdom (UK), which will be producing 60 
megawatts (MW) by 2025 and 1 gigawatt (GW) by 
ÓäÎä�ÀiÃ«iVÌ�Ûi�Þ°�/�i�wÀ���Ã�pouring funds into the 
hydrogen business with the expectation that the al-
ternative fuel will begin to displace fossil fuels across 
sectors by the end of the decade, thus putting BP 
on track to meet its UK strategy for net zero emis-
sions by 2050. Meanwhile, BP is considering similar 
projects in Germany, Spain, and the Netherlands.

 Shell plc, formerly known as Royal Dutch 
Shell prior to its relocation to the UK from the Neth-
erlands following the Hague ruling, is taking steps 
to push for greater hydrogen production capacities 
in both the Netherlands and China. In the latter, 
Shell has taken a 20MW electrolyzer - producing 
green hydrogen by electrolysis - into operation for 
the 2022 Beijing Winter Olympics. In the Nether-
lands, Shell and Thyssenkrupp are supporting the 
nation’s effort towards a hydrogen future through 
a supply contract for a 200MW producing green 
hydrogen project dubbed ‘Hydrogen Holland I’, 
which is going operational in 2024. The Dutch are 
taking central stage in the continent’s shift towards 
Hydrogen. Both through their strong commitment 
Ì�Ü>À`Ã� >� âiÀ�� V>ÀL��� vÕÌÕÀi� �� >Ã� ÀiyiVÌi`� ��� Ì�i�
Hague’s ruling vs. Shell - and due to the need to 
diversify their energy supplies and reduce their for-
eign dependence. The current energy and gas crisis 
has exacerbated Dutch worries over local capital as-
sets in Groeningen - formerly Europe’s largest gas 
wi�`���LiV����}�ÃÌÀ>�`i`���vÀ>ÃÌÀÕVÌÕÀi°��Ì½Ã��«iÀ>-
tion had been halted prior in response to production 
problems and political policy pressing for emission 
cuts. As such, existing infrastructure is being repur-
posed for the transportation, production, and stor-
age of hydrogen in the coming years, including in 
Groeningen. This is congruent with the construction 
of new hydrogen infrastructure projects from Shell, 
which together are to contribute to the EU’s goal of 
producing 40GW of green hydrogen by 2030.
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https://news.bloomberglaw.com/environment-and-energy/the-hagues-ruling-on-shells-carbon-emissions-more-to-come
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https://www.bloomberg.com/news/articles/2022-01-21/shell-officially-drops-royal-dutch-from-name-after-relocation
https://www.bloomberg.com/news/articles/2022-01-21/shell-officially-drops-royal-dutch-from-name-after-relocation
https://www.cnbc.com/2022/01/28/green-hydrogen-one-of-planets-largest-electrolyzers-up-and-running.html
https://www.offshore-energy.biz/shell-and-thyssenkrupp-join-in-on-port-of-rotterdam-hydrogen-facility/
https://www.offshore-energy.biz/shell-and-thyssenkrupp-join-in-on-port-of-rotterdam-hydrogen-facility/
https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas
https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas
https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas
https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas
https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas


 Additionally, Shell has continued to expand 
�ÌÃ�}��L>��Ài>V������Þ`À�}i��>�`�̀ �ÛiÀÃ�wi`��ÌÃ�«À��-
ects in an effort to become a global leader. Shell 
has taken the steps to integrate hydrogen into their 
global strategy. They have done so by developing 
hydrogen hubs and innovating new ways to pro-
`ÕVi� >�`� ÃÕ««�Þ� �Þ`À�}i�� Ì�� �ÌÃ� �Ü�� Àiw�iÀ�iÃ°�
Shell has also paid particularly close attention to 
heavy duty transport in efforts to extend its network 
of hydrogen retail stations. In December 2021, Shell 
launched two projects in the Illawarra region of Aus-
tralia with BlueScope, in an effort to develop nov-
el ways to leverage hydrogen in a country with an 
abundance of natural resources and the potential 
to become a major producer of hydrogen for the 
«ÕÀ«�Ãi��v�Ài�iÜ>L�i�i�iÀ}Þ°�/�i�wÀÃÌ�«À��iVÌ]�Ã��-
ilar to the electrolyser in Beijing, harnesses green 
hydrogen to lower emissions in steelmaking, which 
is of particular interest to Shell in the wake of the 
Quest Plant being found to emit more carbon than 
it captures. The other project, a “hydrogen hub” 
will be a collaborative effort to explore innovative 
ways to manage the hydrogen supply, including an 
examination of the logistics infrastructure required 
Ì���>��Ì>���>�`�iÝ«>�`��Þ`À�}i��y�ÜÃ����ƂÕÃÌÀ>��>°�

 While the BlueScope collaboration focused 
on Australia, Shell took part in a recent $18 million 
Series A investment round in Ionomr Innovations, a 
Vancouver based tech company, to take a more ho-
listic approach to harness hydrogen for clean tech. 
Ionomr develops ion-exchange membranes and 
polymers that reduce the cost and increase the ef-
wV�i�VÞ��v��Þ`À�}i��«À�`ÕVÌ����>�`�ÃÌ�À>}i]�V��-
tributing to a clean energy economy. These poly-
mers are particularly useful in eliminating the need 
for metal requirements in hydrogen production 
and electrolysis, the two projects Shell has recent-
ly launched. By investing in natural resource coun-
tries and in technology that will streamline hydro-
gen production and transport, Shell has exhibited a 
commitment to achieve double digit market share 
in clean hydrogen by 2030, focusing on the industry 
and the transportation sector.

 Shell’s long-term low-carbon strategy re-
volves around increasing hydrogen production to-
wards transportation uses and within industry. The 

latter seems to be a sure shot as hard to decarbon-
ize industries (steelmaking, chemicals, cement) that 
require high amounts of heat cannot electrify com-
pletely. Cheaper green hydrogen is poised to be a 
good replacement for natural gas in the short-to-me-
dium term for these industries, although at an initial 
premium with the need to replace natural gas infra-
structure.
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