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Hydrogen at a Tipping Point ||I i

Advancements in the hydrogen economy have recently accelerated. The advantage of using the cleanest
energy carrier with zero carbon emissions during combustion becomes apparent in the context of the
ambitious Paris Agreement to limit global warming.

Our Solactive Hydrogen Index Universe includes companies at the forefront of an industry at a tipping
point. Capital market participants already seem to appreciate these developments, given the recent
outstanding performance of hydrogen stocks.

Hydrogen —a Clean Energy Carrier with the Tailwind from Policy Makers

Hydrogen is the most plentiful element in the entire universe. It does not exist naturally in a pure form but needs
to be separated from other elements. It will likely play a major role in the fight against climate change, and the
momentum in hydrogen has been building up in recent years.

A central question will be how hydrogen is produced. Simply put, there are three different types of hydrogen,
depending on the energy source from which it is obtained: Grey hydrogen results from the use of fossil fuels, blue
hydrogen is extracted with the use of non-renewahle energy sources that meet certain carbon emission criteria,
and green hydrogen is produced with a method called electrolysis and the use of renewable energy sources.
Another term is clean hydrogen, which refers to the production of the element through renewable and low-
carbon energy sources. [Please note that — for simplicity — this is a very short description of complex production
methods.]

The amount and scope of projects in the field of clean hydrogen are increasing, and companies, policy makers, as
well as regulators are raising their investments and attention. One example of this trend is the EU Green Deal,
which implies ambitious growth targets for the use of clean hydrogen over the next decade.' However, the costs
of a large-scale usage of hydrogen are uncertain, and potential investors or companies may be discouraged hy
high entry barriers. To overcome this challenge, and to come to a point at which technological advancements will
have brought costs down sufficiently to attract private investments, governmental and public investments will
likely be necessary. In this respect, there are similarities to the rise in wide-spread use of renewable energy
sources like solar or wind. Alongside high subsidies, the costs of such renewable energy production have
decreased sufficiently to allow their cost-efficient deployment. Similarly, governmental and fiscal support for
the development of hydrogen technology may support, in particular, the important early days of its potential
predominant use across several industries.

To extract hydrogen from water, energy is needed. If this energy is generated via renewable sources, the term
“renewable hydrogen" is often used. Hydrogen in itself can be seen as an energy carrier, and, in this case, as a
carrier of renewable energy. After having produced energy with renewable sources, the energy must be used,
stored, or transported, and hydrogen can play amajor role for the storage or transport. When renewable hydrogen
is used for combustion, its only emission is water. The European Commission aims at creating 40GW of capacity
in renewable hydrogen electrolysers over the next decade. The production of renewable hydrogen shall reach ten
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million tonnes in the EU by then.? These targets, which are planned to be reached by prioritizing solar and wind
energy, appear necessary to fulfill the goals of the Paris Agreement. Hydrogen is expected to be one of the major
energy carriers. According to the EU Commission, cumulated investments in renewable hydrogen could reach
between 180 and 470 billion EUR by 2050.2 It is estimated that, by then, renewable hydrogen will match around
one fourth of the global energy demand, with an annual revenue of around EUR 630 hillion.?

To achieve such ambitious objectives — not only in Europe but also in other regions — high investments and
subsidies will be essential. Renewable hydrogen's costs are crucial in this respect, as estimates imply that costs
of renewable hydrogen are in the range of 2.5-5.5 EUR per kg. Fossil-based hydrogen's costs are around 1.5 EUR
per kg. Thus, clean hydrogen is not yet cost-competitive.?

The good news is that the costs to produce clean hydrogen are already decreasing all along the value chain. Given
economies of scale and potentially also of scope, costs are likely to be reduced significantly over the next decade.
On top of process optimization and technological advancements, costs for renewable energy production are
presumably dropping further. Hence, an uptrend in production of clean hydrogen is expected for years to come.’

Figure 1: Low carbon/ clean hydrogen production, 2010-2030 (historical, announced, and in IEA’s
Sustainable Development Scenario (SDS) for 2030)*
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Solactive Hydrogen Index Universe — Pure Plays & Beneficiaries of Hydrogen's Rise

The manifold applications of hydrogen create opportunities to reduce carbon emissions across many industries.
Carbon emission reduction through the usage of hydrogen is especially key in energy-intense industries, in which
a transition to alternative energy sources is difficult. Some examples of these industries are shipping, long-
distance transport, heavy-duty transport, steel, or long-term power storage. One advantage of hydrogen is that it
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is a carbon-free energy carrier. If efficiency increases, it could be used to transport (renewable) energy or to store
energy at reasonable costs. Therefore, plenty of interesting investment opportunities could arise from
advancements in the hydrogen economy.

Our Solactive Hydrogen Index Universe is comprised of a narrow set of 30 companies which could play a major
role in the evolution of this clean energy carrier. Despite high expectations, the hydrogen industry poses several
challenges for companies. Barriers of entry are quite high, as high initial investments are crucial. Further, the
green or clean hydrogen — where the focus will be in the near future — is still relatively expensive to produce.
Although the hydrogen economy seems to be at a tipping point, many uncertainties remain. Consequently, there
are only a few so-called “pure play" companies, and many of the industry's developments are being done by the
big players, since they have deeper pockets to bear entry costs as well as R&D expenditures.

Our index universe is composed by both “pure plays" and second-order key beneficiaries of the rise of hydrogen.
The overall idea is to identify companies which will largely benefit from the wide-spread use of hydrogen. Thus,
we identify companies that are materially impacting the growth of this transforming economy. These companies
are engaged in the generation, storage, and consumption of hydrogen as an alternative energy source.

Overrepresented industry groups in our index universe are electrical products, industrial machinery, as well as
motor vehicles. Seven out of 30 companies are from the broader field of electronics, which entail the most “pure
play" hydrogen companies in our universe. Five companies are active in the car industry, either as car
manufacturers or parts producers. Further four firms operate in the trucks, construction, or farm machinery
business. Given this large range of different industry groups, the index universe seems relatively well diversified.

However, the country diversification in the index universe is low, with 15 out of 30 companies having their primary
listing in the United States. Shares of four companies are listed in Japan, followed by three companies which
have their primary listing in the United Kingdom alongside three in Canada.

Examples of index constituents are the following (performance numbers in USD terms between January-10, 2020
until January-11, 2021):

e Ballard Power Systems Inc. (Canada), founded in 1979 to do R&D for high-energy lithium batteries. The
provider of fuel cell solutions is particularly active in the transport sector. 1YR +219.29% (USD).

o Nel ASA (Norway), founded in 1927 to test pure hydrogen for the production of fertilizer. Nel provides
solutions for production, storage, and distribution of hydrogen produced with renewable energy. 1YR
+283.56% (USD).

e PowerCell Sweden AB (Sweden), founded in 2008 with roots reaching back to 1993, when AB Volvo
begun researching fuel cells. The provider of emission-free power systems produces fuel cell systems,
as well as electricity and heat without emissions (except water). 1YR +122.07% (USD).

e |TM Power plc (UK), founded in 2001 as the first fuel cell company in the UK that went public. I[TM
provides electrolyser systems to generate green hydrogen and manufactures hydrogen energy
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equipment as well as hydrogen for fuel cell products. It offers hydrogen refueling stations together with
Royal Dutch Shell. TYR +462.69% (USD).

e Linde plc (US), founded in 1879 to develop refrigeration systems for the food and beverage industry. The
world's largest industrial gas company is active in many parts of the hydrogen supply chain, from
electrolysis over fueling technologies to energy solutions. 1YR +30.13% (USD).

e Paccar Inc. (US), founded in 1905 to produce railway and logging equipment. As one of the largest
producers of medium- and heavy-duty trucks, Paccar is very active in the development of electric and
hydrogen fuel cell vehicles. YR +16.15% (USD).

The recent stock price performance of the above-mentioned companies is very good, especially that of “pure
plays”. It appears that companies active in the hydrogen economy are already benefitting from the observed
increase in demand for hydrogen, as well as from the industry's expected growth.

Figure 2: Performance of selected hydrogen stocks in last three years to January-12, 2021 (TR, USD)
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Final Remarks

The hydrogen economy is a prime example of the combination of developments towards eco-friendly energy
solutions and technological advancements. The recent developments around hydrogen, announcements
regarding subsidies and governmental support, as well as forecasts of an increase in hydrogen production over
the next decade are placing the industry at a tipping point. If costs to produce green hydrogen come further down,
and if the technologies of use cases enable a wide-spread use of the greenest energy carrier, the companies in
our Solactive Hydrogen Index Universe could have a bright future ahead. Capital market participants already
seem to be convinced, given the recent outstanding performance of hydrogen stocks.

Dr. Axel Haus, Team Head Qualitative Research
Solactive AG
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Solactive AG does not offer any explicit or implicit guarantee or assurance either with regard to the results of using an Index
and/or the concepts presented in this paper or in any other respect. There is no obligation for Solactive AG - irrespective of
possible obligations to issuers - to advise third parties, including investors and/or financial intermediaries, of any errors in an
Index. This publication by Solactive AG is no recommendation for capital investment and does not contain any assurance or
opinion of Solactive AG regarding a possible investment in a financial instrument based on any Index or the Index concept
contained herein. The information in this document does not constitute tax, legal or investment advice and is not intended as
a recommendation for buying or selling securities. The information and opinions contained in this document have been
obtained from public sources believed to be reliable, but no representation or warranty, express or implied, is made that such
informationis accurate or complete and it should not be relied upon as such. Solactive AG and all other companies mentioned
in this document will not be responsible for the consequences of reliance upon any opinion or statement contained herein or
for any omission.
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