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Introduction

A consensus is fast emerging that hydrogen
will play a key role as an energy vector and
a pillar in the ongoing energy transition. It
promises to accelerate transformative changes
across many sectors, most notably energy
and transport. This guide draws together
the insight of some of the most experienced
global energy experts to provide a timely
and insightful perspective on how hydrogen
projects may proceed, and the sector
develop, across the globe.

The important role that low-carbon hydrogen will
play in decarbonising our energy usage is becoming
increasingly widely recognised. Its versatility and broad
range of applications render it uniquely placed to reduce
emissions across the economy, and particularly in areas
where electrification — another stalwart application

in the emissions reduction arsenal — is not practical.

The second edition of this guide draws on insights from
some of the most experienced global energy experts,
providing an insightful perspective on the extent to
which hydrogen has already been embraced by different
countries, the challenges faced in optimising hydrogen
application and on developments in the worldwide
hydrogen economy since the first edition of this guide.

News stories in the years 2020 and 2021 have been
dominated by one thing — COVID-19 or SARS-CoV-2.
Against the backdrop of this global challenge, however,
the issue of decarbonisation has never been far from
the headlines. With the passing of five years since the
signing of the Paris Agreement in 2015, the pathway
to achieving the long-term goals to combat emissions
in an effort to achieve the Paris Agreement target of
limiting global warming to well below two degrees Celsius
above pre-industrial levels is yet developing. All the
same, a number of pledges made by governments
and businesses at UN Climate Conference, COP26,

in Glasgow in 2021, featured hydrogen. In this guide,
our experienced energy lawyers shine a light on the
practicalities of hydrogen playing a serious part in these
decarbonisation goals.



The hydrogen economy is not a new concept. Demand
for hydrogen has grown more than threefold since
1975, " with the compound being a fundamental
component of various chemical production processes
as well as used in oil refining. At present, however,
hydrogen production is a fossil fuel intensive process,
accounting for approximately 6% of global natural

gas demand, 2% of coal and responsible for around
830m tonnes of carbon dioxide emissions a year. Put into
perspective, annual carbon dioxide emissions from global
hydrogen production well exceed those of Germany.?2

The opportunity therefore is to harness the potential
of low-carbon hydrogen — usually referred to as “green”
or “blue” depending on production method — which

1 https://www.iea.org/fuels-and-technologies/hydrogen
2 https://www.ucsusa.org/resources/each-countrys-share-co2-emissions
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_ow-carbon hydrogen
oresents new opportunities
for a decarbonised future

currently only accounts for about 5% of global hydrogen
production. Please refer to the Appendix of this guide
for an explanation as to the different types of hydrogen.
According to the International Renewable Energy Agency
(IRENA), increasing production of green hydrogen and
its derivatives can cut carbon dioxide emissions by 10%
in the period up to 2050. This guide explains how, to

a greater or lesser extent, the jurisdictions covered are
advancing such low-carbon hydrogen production.

However, to embrace these opportunities and climate
change ambitions requires the understanding and
overcoming of a number of hurdles.


https://www.iea.org/fuels-and-technologies/hydrogen
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions

Legal and commercial challenges
are still holding back low-carbon
hydrogen ambitions

One of the greatest challenges faced by low-carbon
hydrogen production is that it remains, for the
most part, commercially nascent. With this comes
the following specific challenges:

— demand uncertainty — given that there is currently
very little commercial scale, low-carbon hydrogen
production (though projects are planned in a number
of places), it remains to be seen what the demand
from consumers will be. This is particularly
the case given that hydrogen is a counterfactual
for existing fuels, meaning that price plays a large
part in its eventual uptake.

— lack of dedicated regulatory and policy
structure — dedicated hydrogen legislation and
policy lags behind the initial implementation of
low-carbon hydrogen production that can be seen
in some areas. This means that elements of the
hydrogen production, transport, storage and
distribution process often fall within the remit
of various different rules and regulators, while
other aspects remain without clear regulation.

— lack of physical infrastructure for distribution
and storage - in order to fully capitalise on low-
carbon hydrogen'’s ability to decarbonise our energy
system and energy use, effective infrastructure
for distribution and storage is required. The ability
to store hydrogen means that, as an example —
legislation permitting — green hydrogen can be
generated at times of excess renewable energy
and then stored until needed, such as when energy
demand spikes. Effective distribution infrastructure
is needed to ensure that low-carbon hydrogen
can be used to meet energy demands outside
of its production locale. In the US, for example,
an estimated 85% of hydrogen produced is
consumed on-site.

Each of these challenges adds complexity and risk to the
investment into and the development of such projects,
at least initially. In addition, the fact that low-carbon
hydrogen is a growing and developing sector, with
multiple applications, means the current production
and associated technology will likely advance quickly
once it gets going.

In this guide, we discuss the legal landscape in
which hydrogen currently exists. This will differ from
jurisdiction to jurisdiction, and is often challenging to
navigate owing to the lack of specific “hydrogen laws”
in most countries, in contrast to the treatment of
other energy sources. As we discuss, many of the laws
applicable to methane gas also apply to hydrogen,
however, perceived risks around leakage and
flammability mean that it is also subject to a host

of safety regulations applicable to major hazards.

Notwithstanding the lack of specific legislation,
there is ongoing policy development to pave the road
for the development of a hydrogen economy.

The projects that succeed will be those who bravely
took the opportunities and shaped this developing
landscape to their needs.






National hydrogen strategies and
new laws are emerging as a global
hydrogen market begins to take shape

Many governments are now adopting hydrogen
strategies — setting out the intention for how low-
carbon hydrogen will be deployed across their economies.
These are important steps giving some clarity to investors
as to what the future legislation of and support for
hydrogen in different jurisdictions may be. Japan has
been an early mover in the hydrogen market, having
formulated its “Basic Hydrogen Strategy” in 2017 and
built on this since. In other jurisdictions such as the US,
there is also a combined push amongst the private
sector to develop coherent thinking on hydrogen
deployment, with the Road Map to a US Hydrogen
Economy being developed by a coalition of US energy
sector players. Furthermore, a number of countries

are gearing themselves up to be the top global green
hydrogen exporters aiming to beat the competition

on price (e.g. Chile) or through geographic positioning
(e.g. United Arab Emirates which based on its hydrogen
strategy aims to hold a fourth of the global hydrogen
market by 2030.)

Germany is one of the few jurisdictions to have
passed dedicated legislation by updating its Energy
Act to provide for regulation of hydrogen networks,
although aspects such as the capture and storage

of emissions associated with blue hydrogen production
are not covered at all. In addition to Germany, France
is taking steps to entrench hydrogen into national law,
amongst other things defining “renewable hydrogen”,
“low-carbon hydrogen” and “carbon-based hydrogen”
in legislation. In the UK, the government is developing
dedicated hydrogen “business models” aimed at
reducing these risks through revenue support for
producers of eligible hydrogen via the “contracts for
difference” regime, familiar to renewable generators

in that jurisdiction. Revenue support for initial projects
is likely to play an important role in getting them off
the ground.



Large scale demonstration projects are already
underway in some jurisdictions aiming to demonstrate
applications ranging from urban transport to gas grid
injection. Looking forward, the ambition will be to move
from demonstrators to full-size projects producing
low-carbon hydrogen at commercial scales.

In order to facilitate commercialisation of low-carbon
hydrogen production and supply, the development

of standards of good practice and market-standard
documents will be essential. Jurisdictions which are
already developing a regulatory framework to facilitate
hydrogen production may be quicker to develop these
standards than others. Importantly, given the ambition
of many countries to export a portion of the hydrogen
produced, these standards may also need to be
internationally recognised. One element of this will

be developing internationally recognised standards

for certifying hydrogen as low-carbon.

The scale up of low-carbon hydrogen will likely also
see the development of hydrogen “hubs” — where
infrastructure for hydrogen transport and storage is

shared by a number of players, and production may
be co-located with end users e.g. industrial users,

to decarbonise their own production. This is the start
of what looks to be a global hydrogen market with
production and consumption on a cross-border scale
seen in other fuels and commodities. For example,

in April 2021, Australia’s Prime Minister pledged AUD
USD 275.5m to accelerate the development of hydrogen
hubs, 2 as well as to implement a clean certification
scheme. If built, the Asian Renewable Energy Hub

in Western Australia will produce about 1.8 mtpa of
green hydrogen for use both on the continent and
possibly by the neighbouring countries of Japan and
South Korea. Japan has also signed memorandums of
understanding with New Zealand, Argentina and the
Netherlands for cooperation with a view to developing
hydrogen technology and international supply chains.

3 https://www.lexology.com/library/detail.aspx?g=74a6dd9d-bd7a-4f8a-9c55-63f884a73bf9
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Fortune favours the brave

As is seen throughout this guide, the way is being
paved for low-carbon hydrogen to play a vital role in
decarbonising our energy usage. Be that through

fuel cell technology in transport, decarbonising our
heating systems via gas grid blending or greening our
chemical and industrial sectors, the versatility of
hydrogen means that its potential cannot be overstated.
Both governments and the private sector are taking
action to realise this potential — through the publication
of ambitious strategies, development of public-private
sector partnerships and cross-border cooperation to
develop international trade in hydrogen. This is a time
of great opportunity and challenge for the hydrogen
industry. As with any major shift to the status quo,

the major rewards fall to those who succeed as the first

movers in the emerging landscape. As was seen
with the renewables industry a few decades ago,

the hydrogen projects which successfully navigate
the dynamic landscape will set the tone and pace

of the regulatory foundations and development in the
market for future projects. As collaborations turn

to construction and offtake structures, the projects
that succeed will be the pioneers remembered for
setting a new course where hydrogen has a prominent
part to play.

Our contributors and energy specialists in each
jurisdiction remain at your disposal and would
be delighted to discuss more specific details and
developments.



What role can
Hydrogen play

in the Automotive
Sector

Author:
Martin Wodraschke

In recent years, hydrogen technology has been Although the following chapter will focus primarily
at the forefront of environmental discussions on the automotive sector, it has become evident that

in the att tt ti inaly t h breakthroughs in terms of hydrogen technologies also
(S ST I ey TSt MRS ey TG occur in other areas of the transportation sector. Trains

climate protection goals and particularly low are now using the so called “Hydrails” technology.
emissions targets in the transportation sector. The world’s first commercial hydrogen-powered passenger
train in Germany, the Coradia iLint, was produced by
the French railway manufacturer Alstom in 2016." In
Asia, East Japan Railway announced at the end of 2019
that it is investing JPY 4bn into the development of
a hydrogen two-car trainset.2 Also, in November 2019
Swiss rail manufacturer Stadler secured in the US a contract
from San Bernardino County Transportation Authority
to deliver the first hydrogen-powered train.? The UK
is catching up too, having introduced the “Hydroflex”
in 2020, the UK'’s first train to be powered by hydrogen.*

In the automotive sector, innovative hydrogen technology
is pioneered as the most energy efficient alternative
power source to engines, mandated as necessary to
achieve a 60% to 80% reduction in greenhouse gases
by 2050, according to the European Strategic Energy
Technology Plan.®

Major automotive players in the EU and around the world
are gearing up towards the hydrogen drive, already
planning and implementing significant investments
in the innovative technology of the future in car
manufacturing, particularly hydrogen-based fuel-cell
electric vehicles (“FCEVs").

1 https://www.welt.de/wirtschaft/article158262466/Erster-Wasserstoff-Zug-der-Welt-faehrt-in-Deutschland.html
2 https://www.s-ge.com/en/article/global-opportunities/20201-c5-japan-hydrogen-market

3 https://www.railway-technology.com/news/stadler-deliver-hydrogen-powered-train-sbcta/

4 https://www.bbc.com/future/article/20200227-how-hydrogen-powered-trains-can-tackle-climate-change

5 https://ec.europa.eu/transport/themes/urban/vehicles/road/hydrogen_en
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What role can Hydrogen play in the Automotive Sector

Comparison: Battery-Electric Cars
and Hydrogen fuelled Cars

To fully appreciate and value the benefits of hydrogen
fuel cell cars in comparison to lithium ion battery powered
electric cars, and to understand why some automotive
producers invest more into one technology than the other,
one must first outline the mechanics of both, considering
that hydrogen fuel cell cars are powered by an electric
motor and are therefore also classified as EVs.

Currently, almost all EVs are powered by a lithium-ion
battery. The energy from the battery powers the electric
motor, which can be refueled not by fossil fuels, but using
electricity (usually bought from the grid).

A hydrogen powered car on the other hand, despite also
having an electric motor, is powered through the reaction
of hydrogen with oxygen inside a fuel cell. The water
vapor produced is then used to generate the electricity
needed to power the vehicle. To refuel the car, the
pressurised hydrogen fuel tanks must be refilled. This
is possible at hydrogen refueling stations.

As revealed by the latest hydrogen technology deployed
by car manufacturers (BMW, Toyota), the new technology
can be integrated into existing models with minimal
design changes, but at a significant cost.

Whilst it is widely acknowledged that hydrogen fuel cell
technology is locally emission-free, the overall efficiency
in the “power to vehicle drive” will ultimately depend

on whether the hydrogen production has a neutral carbon

6 https://www.bmw.com/en/innovation/how-hydrogen-fuel-cell-cars-work.html

footprint (similar to battery EVs which are only carbon
neutral in their fuel if the electricity used in the process
comes from renewable energy sources).”

Some recent studies also advocate the establishment
of a dual infrastructure for battery powered EVs and
hydrogen fuelled cars. This may be even recommendable
from an economic perspective.®

Pros and Cons of Hydrogen
Technology in the Automotive
Sector

Hydrogen-powered vehicles have been praised for their
positive effects on the environment. The hydrogen
technology is believed to result in less pollution (compared
to typical lithium-ion batteries in EVs, which have a limited
lifecycle and are hard to recycle) and reduce dependence
on fossil fuels, while using a widely available resource —
hydrogen.

7 https://www.bmw.com/en/innovation/how-hydrogen-fuel-cell-cars-work.html#pwijt-3 and
https://www.wardsauto.com/alternative-propulsion/europe-nurturing-hydrogen-vehicle-market
8 NPM_AGS5_Infrastrukturen-fuer-Wasserstoffmobilitaet.pdf (plattform-zukunft-mobilitaet.de)
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A key advantage of hydrogen EVs or FCEVs, compared
to battery-powered EVs, are the consumer benefits. The
refuelling time is estimated to take no longer than three
to five minutes and the process hardly differs from the
current one of ICE vehicles (instead of waiting several
hours to recharge as may be the case with some EVs).
Moreover, hydrogen fuel cell cars allow for a longer range
of driving, and so are better suited in countries where long
distance travel is the norm, as well as for fleet transport.®

Despite undoubted benefits, sceptics point towards
the difficulties of turning hydrogen technology into large
scale production, emphasising especially the high costs
associated with the manufacturing, operation and
infrastructure of the technology. By way of illustration,
without public subsidies, models already available on the
market cost around USD 80,000 for a mid- or upper-mid-
range vehicle, almost twice as much as comparable fully
electric or hybrid vehicles. Secondly, as with EVs, FCEV
refuelling infrastructure is also lacking. As detailed below,
private and public funding is becoming increasingly
available to mitigate this issue and make hydrogen FCEVs
more affordable.

A number of critics also question whether having hydrogen
gas onboard a vehicle may pose a safety hazard, due

to possible tank failures (e.g. leaks or ruptures) and possible
unforeseen other chemical reactions. Both research
studies and input from the car industry' address these
concerns:

— Firstly, it is widely accepted that outdoor accidental
releases of hydrogen from single vehicles will disperse
quickly, and not lead to any significant explosion
hazard," contrary to gasoline which is also an extremely
flammable fuel?and can leak out and pool beneath
the damaged vehicle, creating a ready source of fuel
for a prolonged burn.”

— Secondly, the risk of a leak and an explosion from
a hydrogen tank is also much lower since the fuel
tanks are usually made of Kevlar, a bulletproof
material, thus confirming the high safety of the
fuel storage tanks (which has also been tested through
numerous crash tests).

— Thirdly, this technology is not novel, as shown by trials
and testing of hydrogen technology in other fields
which confirm the secure use of this product (e.g.
storage of hydrogen and operation of pipelines,
processing of crude oil and the use of hydrogen
as a process gas).

Therefore, many industry experts state that hydrogen
fuel cell vehicles are safer than cars with internal
combustion engines,’ with only a few expressing some
concern for cases where safety becomes an issue, such
as accidents in parking garages, workshops, or tunnels.é

Rolling out of FCEVs in passenger
and heavy freight vehicles and
the question of refuelling.

Considering the high costs currently associated with
hydrogen fuelled transport, a fuel supply and refuelling
infrastructure that meets the needs of the market

is critical. Currently operating almost 100 hydrogen gas
stations in seven German metropolitan areas, along
the connecting arterial roads and motorways, Germany
is at the forefront of hydrogen technology in the EU.
However, most of these hydrogen refuelling stations are
mainly geared towards passenger FCEVs. Recent trends,
on the other hand, have shown a growing focus in using
hydrogen for heavy freight transport and fleet vehicles.
This poses the question, to what extent must the existing
infrastructure be altered?

The refuelling of passenger cars requires gaseous hydrogen
at 700bar, whereas trucks only travelling a short
range need a mere 350bar. For long distances, 700bar
alternatives or even liquid hydrogen are being considered."”
A key advantage of liquid hydrogen is its high energy
density, which enables longer distances to be driven.
The current use of gaseous hydrogen at 700bar has a
range of 800 to 1000km, which suffices for most heavy
freight transport.’®

In transport, hydrogen is already seen as a promising
option where electrification is more difficult — early
adoption of hydrogen already occurs in captive uses,
such as local city buses (as well as rail networks), where
electrification is not feasible.

Especially for short range heavy freight and public
transport, HFCEVs have become an attractive alternative,
not only for Germany (which funded WSW Mobil GmbH
for the purchase of ten fuel cell buses and refuelling
infrastructure and the Oberbergische Verkehrsgesellschaft
("OVAG") for the procurement of a hydrogen fuel cell
bus and a hydrogen storage unit) but several other
European countries. Examples include France developing
the world’s first hydrogen-powered bus rapid transit
("BRT") system, with eight buses built by the Belgian
manufacturer Van Hool in a project launched by French

9 https://www.transportenvironment.org/wp-content/uploads/2021/07/2020_06_TE_comparison_hydrogen_battery_electric_trucks_methodology.pdf
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public transport operator, Keolis, in partnership with local
transport operator Société de Transport de I’Agglomération

— Heavy-duty vehicles also continue to thrive, with
the following global players:

Paloise. Additionally, the Netherlands, where Keolis
won the largest electric bus contract in its history in
what is claimed to be Europe’s largest electric bus fleet,
with 300 operating vehicles. Similarly, Switzerland has
implemented a Hyundai Xcient Fuel Cell truck for its postal
service and has developed the necessary hydrogen
fuelling stations for its use.

For more detail on the role hydrogen plays in transport
in individual countries, please see the relevant country-
specific chapter of this guide.

Despite significant costs, private companies in
the automotive sector are seizing the potential and
widening their portfolio to offer vehicles based
on hydrogen technology.

— Car pioneers include:

- Japanese companies such as Honda (with the
Honda Clarity), Toyota (with its Toyota Mirai, one
of the first hydrogen fuel cell vehicles to be sold
commercially), Hyundai (with the Hyundai Nexo),
and Kawasaki are currently at the forefront
of hydrogen technology;

- BMW recently announced that it has plans to invest
in an X5 version powered by Toyota’s fuel cells
in a joint venture with the latter and that it will
produce the | Hydrogen Next in small numbers
from 2022;2°

- a group formed by Ford, Daimler, and Nissan
announced a collaboration on hydrogen
technology development in 2013, but some of

- United Parcel Service ("UPS") began testing

of a hydrogen powered delivery vehicle in 2017;23

- in 2017, US Hybrid (manufacturer of battery and

fuel cell propulsion systems), Toyota, and
Kenworth were announcing plans to test Class 8
hydrogen fuel cell trucks to move containers at the
Ports of Los Angeles and Long Beach, expecting
to build and deliver 1,200 of its fuel cell “engines”
over the next 36 months;*

- Toyota Kenworth has a long track record of

developing trucks using fuel cell technology, and it
added ten T680s in 2019 to be used at the Port of
Los Angeles and throughout Southern California;?

- in July 2020, Hyundai was reported to be shipping

the first ten units of XCIENT Fuel Cell, the world’s
first fuel cell heavy-duty truck, to Switzerland, with
plans to roll out 50 trucks in the same year and
a total of 1600 units by 2025. In 2019, Hyundai
formed, for its future development, Hyundai
Hydrogen Mobility (“HHM"), a joint venture with
Swiss company H2 Energy;2®

- in 2017, Tesla was launching its Semi prototype

truck based on hydrogen technology. However,
it was still reported in 2019 to limit its use for its
own internal operations, while continuing efforts
to develop durable hydrogen technology for
commercial trucking;?” and

- the commercial vehicles manufacturer Faun (of the

German Kirchhoff Group) will launch from 2021
the first hydrogen-powered refuse and sweeper
vehicles in series production.?®

There is one more possibility — one which is already
being explored by Renault in its Kangaroo Z.E.
Hydrogen model.2° This is a dual fuelling system
with both electricity and hydrogen fuel cells. This
combination enables the amalgamation of the benefits
yielded from both fuelling systems and could sustain
the demand especially in the passenger car sector.
A dual system and infrastructure supporting both
hydrogen and battery fuelled cars could be a future
option, rather than putting the sole focus into one
technology.

them later abandoned this cooperation (in 2020
Daimler’s Mercedes-Benz gave up production of
GLC F-Cell and limited its hydrogen program to
trucks and vans in association with Volvo);?' and

- tested since 2014, Renault’s hydrogen technology
was developed in partnership with Symbio, a
Michelin subsidiary. Renault presented its Kangoo
Z.E. Hydrogen (a light vehicle) and Master Z.E.
Hydrogen van in 2020.%
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https://www.ballard.com/about-ballard/newsroom/market-updates/ballard-and-kenworth-fuel-cell-truck-validation-program-moves-to-next-stage
https://www.trucks.com/2017/05/04/us-hybrid-hydrogen-fuel-cell-truck/
https://energypost.eu/hydrogen-fuel-cell-trucks-can-decarbonise-heavy-transport/
https://hyundai-hm.com/en/2020/07/08/worlds-first-fuel-cell-heavy-duty-truck-hyundai-xcient-fuel-cell-heads-to-europe-for-commercial-use/
https://www.teslarati.com/tesla-semi-rival-nikola-get-1-million-us-department-of-energy-fuel-cell-research/
https://www.teslarati.com/tesla-semi-dublin-supercharger-sighting-lathrop-fremont-factory/
https://fuelcellsworks.com/news/the-kirchhoff-group-starts-manufacturing-the-worlds-first-refuse-and-sweeper-vehicles-with-hydrogen-fuel-cells/
http://renault.com
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EU Framework for Hydrogen
in the Automotive Sector

To frame the transition towards a green energy strategy,
the European Commission launched a Hydrogen Strategy
for Europe in 2020 to be further implemented by the
European Clean Hydrogen Alliance.?® The European
Commission aims to work within this frame to introduce
common standards, terminology, and further certification
in an effort to make renewable or low-carbon hydrogen
more competitive and easier to use as an alternative
fuel resource.

The current EU legal framework offers flexibility in terms
of regulations applicable to the deployment of hydrogen
technology in the automotive sector, with limited rules
that bear only an indirect impact (e.g. environmental
rules on greenhouse gas ("“GHG") intensity of hydrogen,
technical requirements to be followed by refuelling
stations).3

At an international level, the United Nations Economic
Commission for Europe (“UN/ECE") develops harmonised
requirements under regulations which serve as the basis
for the national regulatory standards for hydrogen vehicles
and in particular FCEVs safety in North America (led

by the United States), Japan, Korea, and the European
Union. Regulation No 134 of the UN/ECE, containing
provisions concerning the approval of motor vehicles
and their components with regard to the safety-related
performance of hydrogen fuelled vehicles [2019/795],

is currently in force and recognised as being equivalent
to the corresponding separate EU directives or
regulations.3?

Many of the barriers to hydrogen deployment are a result
of regulatory gaps caused by a lack of harmonisation

of rules and approaches, or by involuntary mismatches
between rules imposed at national level rather than high
legal and regulatory barriers imposed at EU level .33 A
major issue is the lack of standardisation in the fuelling
procedure for heavy freight transport, which is the
targeted sector of the hydrogen technology. Without

a harmonised framework for the fuelling procedure, the
countries run the risk of additional costs for retrofitting.3
In order to encourage and secure expansion and funding in
the hydrogen sector, the member states should develop
a standardised fuelling regulation.

Nevertheless, especially through the so-called “Fit for
55" legislative package in the EU and introduction of
automotive specific or clean air driven laws elsewhere,
steady progress is being seen around the globe as
countries take on initiatives to change national policies
with the aim to decarbonise vehicle transport, with
several countries pioneering concrete steps to invest
in and develop hydrogen-based vehicles in public and
private transport (also including heavy-duty road vehicles,
amongst others).

30 https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf and https://ec.europa.eu/growth/industry/policy/european-clean-hydrogen-alliance_en

31 This includes (amongst others): Commission Delegated Regulation (EU) 2019/1745 of 13 August 2019 supplementing and amending Directive 2014/94/EU
of the European Parliament and of the Council as regards recharging points for L-category motor vehicles, shore-side electricity supply for inland waterway
vessels, hydrogen supply for road transport and natural gas supply for road and waterborne transport and repealing Commission Delegated Regulation (EU)
2018/674; the Recast Renewable Energy Directive (Directive (EU) 2018/2001 (RED II) on the promotion of the use of energy from renewable sources (RED);

Alternative Fuels Infrastructure Directive 2014/94/EU (AFID).

Source: https://www.hylaw.eu/sites/default/files/2019-02/D4.4%20-%20EU%20regulations%20and%20directives % 20which%20impact%20the%20

deployment%200f%20FCH%20technologies_0.pdf

16 | Facing the Future of Hydrogen: An International Guide


https://ec.europa.eu/growth/industry/policy/european-clean-hydrogen-alliance_en
https://www.hylaw.eu/sites/default/files/2019-02/D4.4%20-%20EU%20regulations%20and%20directives%20which%20impact%20the%20deployment%20of%20FCH%20technologies_0.pdf
https://www.hylaw.eu/sites/default/files/2019-02/D4.4%20-%20EU%20regulations%20and%20directives%20which%20impact%20the%20deployment%20of%20FCH%20technologies_0.pdf

What role can Hydrogen play in the Automotive Sector

Funding the Hydrogen
Automotive Market

&

Around the world, states, organisations, and private
companies are making significant efforts to secure
financial funding for hydrogen technology in the
automotive sector.

At EU level,®® the European Commission is funding two
research projects (H2ZME1 and H2ME2) that aim to see
an additional 49 hydrogen filling stations and more
than 1400 cars, vans, and trucks run on hydrogen
within the EU by 2022. These projects have had budgets
of EUR 70m and EUR 100m, with the EU’s Horizon
2020 research program sinking EUR 67m in total into
both, which run until May 2020 and June 2022,
respectively. The research projects involve more than
40 partners from nine countries and from across the
transport, hydrogen, and energy industries, including
Audi, BMW, Engie, H2 MOBILITY, Hyundai, Michelin,
OMYV, and Renault. In the EU, the Fuel Cells and
Hydrogen Joint Undertaking is the public-private
partnership made up of the European Union, represented
by the European Commission and the Industry and

3

(9]

J.L_.2019.129.01.0043.01.ENG
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Research Grouping represented by “Hydrogen Europe”,
responsible for implementing the Fuel Cells and Hydrogen
Joint Technology Initiative ("FCH JTI"), the political
initiative proposing this public-private partnership in fuel
cell and hydrogen technologies.

At national level, EU member state and other governments
have already initiated incentive schemes for renewable
and low-carbon hydrogen mobility, with notable
examples set out in the relevant country-specific chapter
of this guide.

Undoubtedly, FCEVs are already changing the automotive
landscape and hydrogen-based technology is no longer
a novelty for the future, but rather a current reality that
stakeholders must be equipped to deal with. Although
the road ahead may hold financial, regulatory, and technical
challenges, hydrogen technology in the automotive sector
is an important alternative energy source. Thinking ahead,
the sector will need to be prepared for everchanging
economic and environmental realities.

Regulation 134 (published in the OJ L 129, 17.5.2019, p. 43-89) is available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:O

For example, Directive 2007/46 establishes a framework for the type approval of motor vehicles classes M (passenger cars

and busses), N (trucks), O (trailers), and of systems and components intended for such vehicles. Specific technical requirements concerning the construction
and functioning of vehicles is laid down in subsequent regulatory acts, the exhaustive list of which is set out in Annex IV. The UNECE Regulations listed

in Part Il of Annex IV are recognised as being equivalent to the corresponding separate directives or regulations in as much as they share the same scope

and subject matter.
3

3
3
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https://ec.europa.eu/research/participants/documents/downloadPublic?documentlds=080166e5c¢162864e&appld=PPGMS
NPM_AG5_Infrastrukturen-fuer-Wasserstoffmobilitaet.pdf (plattform-zukunft-mobilitaet.de)
https://www.wardsauto.com/alternative-propulsion/europe-nurturing-hydrogen-vehicle-market
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Industrial applications are the most widespread

and significant of hydrogen uses in operation

today; 33% of all hydrogen (in pure and mixed

forms) is used in oil refining, 27% in ammonia
production, 11% in methanol production and
3% in steel production.! Almost all hydrogen
used in these industrial applications is derived
from fossil-fuel sources. Unsurprisingly, the
industrial sector is therefore often cited as the
hardest sector to decarbonise and one where
a scale of need would help catalyse the roll
out of low-carbon hydrogen.

1 https://webstore.iea.org/download/direct/2803
2 https://webstore.iea.org/download/direct/2803

There are significant opportunities to use low-carbon
hydrogen technologies in the heat generation process
across a much broader range of industries, subject
to overcoming the current barriers — in particular,
substantial adoption costs and insufficient scale

of capacity of low-carbon hydrogen production.?

To this end, legal and regulatory frameworks capable
of supporting the growth of industrial low-carbon
hydrogen use are needed. Given the wide range of
applications and uses for hydrogen in the industrial
sector, this chapter focuses primarily on hydrogen
use as a feedstock in industrial heat-generation and
draws on international examples to highlight the key
legal considerations for investors, developers and
financiers entering this sector.


https://webstore.iea.org/download/direct/2803
https://webstore.iea.org/download/direct/2803
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Hydrogen Technology
iIn the Industrial Processes

High-intensity heat generation is required for a number
of reasons: melting, drying, gasifying, facilitating chemical
reactions, and so on.? Heat can be used directly, in
furnaces, or indirectly, for example to produce steam
which is then used for heating.# At present, the primary
source of energy in high-temperature industrial heating
is fossil fuels (coal provides 32%, with natural gas supplying
31% and oil 15%).5 As the demand for industrial heat
continues to increase, it's share in energy-related CO, is
also likely to increase, accounting for a quarter of global
emissions by 2040.6

https://webstore.iea.org/download/direct/2803
https://webstore.iea.org/download/direct/2803

https://www.nationalgrideso.com/document/173791/download
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf
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However, hydrogen may provide a solution.”®°In an
ambitious high adoption scenario, it has been estimated
that hydrogen could provide approximately half of the
energy required to power the UK's industrial, heating
and transport sectors by 2050.°

Yet, in terms of industrial heating, this progress would
need to start from a low base. At present there is
almost no dedicated hydrogen production for use as
a feedstock in heat-intensive industries (other than
chemicals, iron and steel)."

https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/plugging-in-what-electrification-can-do-for-industry
https://www.iea.org/commentaries/clean-and-efficient-heat-for-industry
https://www.carbonbrief.org/in-depth-hydrogen-required-to-meet-uk-net-zero-goal-says-national-grid

10 https://www.edie.net/news/8/Hydrogen--could-provide-half-of-the-UK-s-net-zero-energy-demand-/

1 https://webstore.iea.org/download/direct/2803
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Opportunities and Barriers for
Hydrogen Use in Industrial Processes

The scale of hydrogen production needed for the
industrial sector lends it to favouring blue hydrogen —
i.e. where the associated carbon dioxide is captured,
transported and stored using CCUS technologies. This
is where countries such as the UK and US are placing

emphasis for the roll out of hydrogen projects at scale.

However, for others countries, where carbon capture
is impractical, the use of low-carbon hydrogen in industrial
heating may be achieved, for example through the
use of small-scale localised electrolysis."In any event,
focusing on geographic clusters or industrial pockets
is an opportunity for stimulating large-scale demand
in given areas, which would in turn encourage investment
in these areas.

Nevertheless, the process would not be so simple as
to merely replace fossil fuel feedstocks with hydrogen.
This is because heat-generation technologies across
industrial sectors are diverse and specific to those
sectors and there are a number of practical challenges
which would need to be overcome. In the cement
industry, for example, the high combustion velocity
of hydrogen relative to carbon-based fuels, as well

as its non-luminous flame, makes the application

of hydrogen difficult to monitor.”

i~

2 https://webstore.iea.org/download/direct/2803 — see p.119

-

Further, although some infrastructure needed for such
processes already exists, new infrastructure would need
to be developed, including new pipelines and storage
infrastructure."With the requirement for significant
capital outlays, the lack of assured demand is therefore
a dilemma policymakers and the private sector need
to address.

One opportunity for policymakers, here, is in creating
a new regulatory environment that facilitates the
development and uptake of low-carbon hydrogen
technologies. For instance, while there are clear benefits
to using low-carbon hydrogen in the steel industry,
regulations on production quality mean that careful
and thorough investigation is necessary before this
technology can be rolled out.”™

Ultimately, significant policy support is required if there
is to be a significant uptake in hydrogen technology
across heat-intensive industrial sectors. Although
industrial heat demand is likely to rise in the medium
term —a 9% increase is anticipated by 2030 — without
additional policy support, it is difficult to anticipate
noticeable increases in low-carbon hydrogen use.®

3 https://webstore.iea.org/download/direct/2803 and Li, J. et al. (2014), “Study on using hydrogen and ammonia as fuels: Combustion characteristics and NOx
formation”, International Journal of Energy Research, Vol 38, pp. 1214-23.

14 https://www.auroraer.com/wp-content/uploads/2020/06/Aurora-Hydrogen-for-a-Net-Zero-GB-An-integrated-energy-market-perspective.pdf?eid=G%2FuTry

BZDHrp6kDwxxMybQ%3D%3D#gf_25

15 http://www.element-energy.co.uk/wordpress/wp-content/uploads/2019/11/Element-Energy-Hy-Impact-Series-Study-4-Hydrogen-in-Yorkshire-the-Humber.pdf

=

6 https://webstore.iea.org/download/direct/2803
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As globalisation of the hydrogen economy progresses,
it is expected that locally generated hydrogen will become
increasingly supplemented by trans-border shipment of
hydrogen, with it being generated in jurisdictions where
renewable electricity and the ability to store CO, is more
readily available. The economics of these types of projects
is still uncertain, however if the price can compete with
locally sourced hydrogen then this will open up this market
to industrial users.

Currently the contractual frameworks for these projects
are developing. For some entities at least these projects
look similar in structure to LNG and large-scale cross-
border gas transportation projects and projects for the
transportation of petrochemicals (areas where the
economics do stack up). For others, these will need to
follow offtake structures more familiar with renewable
generation such as power purchase agreements. Or
there will be an adaptation of both approaches as the
market develops.

22 | Facing the Future of Hydrogen: An International Guide

The challenges with trans-border shipment of hydrogen
is more on the technical side. In order to be shipped

in liquid form, hydrogen has to be cooled to minus
253 degrees Celsius, which is 20 degrees above absolute
zero (the lowest level of the thermodynamic scale), and
100 degrees cooler than LNG. There are also issues with
the volatility of liquid hydrogen. That said, liquid hydrogen
carriers and stabilising catalysts are being developed and
tested and expected to be deployed in full scale projects
in the near future. In the meantime, green ammonia
(constituted of nitrogen and hydrogen) is seen as a less
technically challenging and currently commercially viable
type of hydrogen transportation project, so this is another
route to a hydrogen market for industrial users to consider.
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Towards an Effective Framework
for Hydrogen in the Industrial Sector

-o0——
_e_
_e_

Developers, investors and advisers in the energy sector
will appreciate that energy projects must navigate

a complex regulatory regime. A variety of different
regulatory bodies and key stakeholders operate within
this framework; offshore seabed owners, marine
management authorities, oil and gas authorities,
government departments, shipping authorities,
environmental bodies and health and safety executives
are but a few of the stakeholders low-carbon hydrogen
projects may need to consider.

Therefore, to integrate blue and green hydrogen
technologies into existing energy systems, so that they
may be used as an industrial feedstock, requires a more
joined up approach across these stakeholders."” It will
be especially important to ensure that regulatory
frameworks can successfully facilitate and manage
the key infrastructure in blue and green hydrogen:
transportation and storage facilities.

Some jurisdictions covered by this guide, notably Japan,
South Korea and some EU jurisdictions, have already
taken steps in this regard.

For example, in the UK, the Oil and Gas Authority

("OGA") has acknowledged that, as well as clarifying
the content of regulations for hydrogen technologies
and associated infrastructure, the roles played by the

myriad of stakeholders and authorities must also be
rationalised. Guidance issued by those authorities must
be aligned, where possible, to assist developers of first-
of-their-kind projects in understanding how to apply
existing rules in this novel field."®In practice, this will
result in additional time and cost to the project while the
rules and guidance are assessed and put to use. For
example, in relation to consenting hydrogen projects, some
authorities may not have sufficient guidance to inform
an application for consent to develop a hydrogen project.
It is through further alignment with the policies of the wider
decarbonisation agenda that pilot projects and industry,
as a whole, can proceed in a timely manner, paving
the way for greater uptake of hydrogen technologies
in industrial settings over the coming decade.®

Similarly, countries like the Netherlands have been clear
in voicing their expectation that hydrogen networks will
be regulated in a similar way to existing gas and electricity
networks.2° The Dutch authorities have also recognised
the challenges in the current laws for the storage

of hydrogen. While preferring to have European or
international safety guidelines and standards developed,
they have begun establishing general principles relating
to the safety risks of hydrogen storage with the ultimate
aim of developing a bespoke framework specific to
hydrogen.?'

17 https://www.ogauthority.co.uk/media/6625/ukcs_energy_integration_phase-ii_report_website-version-final.pdf see page 18
18 https://www.ogauthority.co.uk/media/6625/ukcs_energy_integration_phase-ii_report_website-version-final.pdf see page 22
19 https://www.ogauthority.co.uk/media/6625/ukcs_energy_integration_phase-ii_report_website-version-final.pdf see page 31
20 https://www.lexology.com/library/detail.aspx?g=84848b41-0541-4269-a151-30c87f6e20ff

21 https://www.government.nl/documents/publications/2020/04/06/government-strategy-on-hydrogen see page 6
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Funding the Hydrogen

Industrial Market
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In a number of jurisdictions covered by this guide, the
availability of public and private financing to develop
hydrogen technologies for industrial applications is nascent,
though improving. However, in comparison to the use
of hydrogen in transportation, there are fewer examples
of funding mechanisms which are specific to the industrial
use of hydrogen.

Nevertheless, there are some examples of financing
mechanisms, often combining public and private funding,
which are being harnessed to develop hydrogen
technologies for industrial feedstocks:

— Italy: in 2019, SNAM S.p.A ("SNAM") launched
a project ("SNAMTEC") aimed at increasing energy
efficiency, reducing pollutant gas emissions and
promoting innovation in the energy sector. Among
the initiatives included in SNAMTEC, SNAM launched
a trial that took place for a month in the Campania
Region. The trial introduced a quota of 5% hydrogen
into the energy mix and has,?? proven that the
introduction of even a small portion of hydrogen
in the energy mix would allow a substantial reduction
in carbon dioxide emissions.

A\

— Germany: there is a well-established precedent
of public funding for hydrogen technologies in
Germany. In respect of industrial hydrogen use, the
German Federal Ministry of Education and Research
is providing more than EUR 60m in funding to the
“Carbon2Chem” project, which explores how
industrial gases from steel production can be used
to create valuable primary products for fuels, plastics
or fertilisers. It is expected to make 20m tonnes of
the German steel industry's annual CO, emissions
economically exploitable in the future. This represents
10% of Germany’s annual CO, emissions produced
by industry and manufacturing. The project’s other
partners intend to invest more than EUR 100m
by 2025.%

— Czech Republic: although there is no specific
funding mechanism for hydrogen technologies,
there are examples of collaborative approaches to
support such schemes. For instance, in 2019, the
Region of Usti and Labem along with UNIPETROL,
a.s. (@ PKN Orlen Group company) assembled a
consortium of 17 public and private entities to sign
a memorandum on partnership and cooperation
in the development and use of hydrogen as a clean
source of energy. The goal of this initiative is
to support the use of hydrogen in local industry.

22 https://www.snam.it/en/Media/Press-releases/2020/Snam_results_first_nine_months.html

23 https://www.fona.de/en/measures/funding-measures/carbon2chem-project.php
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— UK: in February 2020, the Department for Business,
Energy and Industrial Strategy (“BEIS") announced
a GBP 90m package as part of its larger innovation
fund. GBP 28m of this is earmarked for the
development of hydrogen production projects,
including two of Europe’s first-ever large-scale,
low-carbon hydrogen plants.2# One of these is the
HyNet project, which is discussed in more detail
in the UK chapter of this guide. This is led by
Progressive Energy Limited, in collaboration with
Johnson Matthey, SNC Lavalin and Essar Oil. It
involves the development of a hydrogen production
facility on Merseyside, to be part of the UK's first
net-zero industrial zone using carbon capture and
storage technology. From 2025, HyNet will produce,

store and distribute hydrogen as well as capture and

store carbon from industry in the North West of
England and North Wales using state-of-the-art
technology to build new infrastructure whilst also
upgrading and reusing existing infrastructure which

is currently involved in fossil fuel production.? Hydrogen

produced at this plant will be used at a Unilever
manufacturing site close by, as well as Pilkington’s
Greengate glassworks — this will be the first time
hydrogen is used in glass manufacturing worldwide.26
Further, in October 2021 the Chancellor of the
Exchequer confirmed in the UK’s Budget and

What role can Hydrogen play in the Industrial Processes

Spending Review for 2021 that the government plan
to spend GBP 240m on the Net Zero Hydrogen Fund
("NZHF”), originally announced in the Prime Minister’s
Ten Point Plan for a Green Industrial Revolution,
which will be delivered between 2022 and 2025.
The NZHF aims to support the commercial deployment
of new low-carbon hydrogen projects during the
2020s, with an ambitious target of 5GW of low
carbon hydrogen production by 2030.

24 https://www.gov.uk/government/news/90-million-uk-drive-to-reduce-carbon-emissions

25 https://hynet.co.uk/
26 https://www.theengineer.co.uk/hynet-3m-funding-boost/
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Hydrogen Industrial Clusters

In an effort to coordinate how clean hydrogen
may become a viable solution for decarbonising
European economies, in 2020, the European
Commission (the “Commission”) launched a
Hydrogen Strategy for Europe. This sets out a
strategic framework which the European Clean
Hydrogen Alliance can then use to develop an
investment agenda and project pipeline. The
strategy envisages that from 2025 to 2030,
hydrogen will need to become an intrinsic part
of European energy systems. During this period,
it is anticipated that demand-side policies will

be required to ensure that uptake of hydrogen
technologies is realised in industrial settings. The
development of hydrogen industrial clusters —
where decentralised renewable energy production
will be located alongside energy-intensive
industries — is a fundamental part of this vision.

In time, the Commission considers that a need
will develop for Union-wide hydrogen transmission
infrastructure, so that hydrogen may be transported
from renewable energy generation centres to areas
where industry is heavily concentrated. To scale
up the deployment of hydrogen technologies,

EU support and stimulus packages will be required,
with the aim of having a competitive hydrogen
market operational in the Union by 2030. This will
allow hydrogen to penetrate all sectors of the
economy, including industries where decarbonisation
is currently more costly, as 2050 approaches.

In the UK, a similar cluster strategy is developing
and research here has been focussed on a potential
hydrogen cluster located in the Yorkshire &
Humber region. This region is the most significant
amongst the UK's six largest industrial clusters, in
terms of energy use and greenhouse gas emissions,
and there are opportunities to replace natural
gas with hydrogen across a number of sectors,
including glass manufacturing, the secondary
steel industry, cement production and the lime
sector. The rationale behind the development

of a hydrogen cluster is that by first establishing
projects which would supply a handful of large
local industrial users, this may support a cost-
effective hydrogen transition which can then be
rolled out more broadly. There is political support
in the Humber region for decarbonisation initiatives
and it is hoped that by first utilising blue hydrogen,
this will reduce the costs associated with the
subsequent introduction of green hydrogen
produced by using energy from offshore wind
projects in the North Sea.

The broader international approach follows

a similar vein. The International Energy Agency
has recommended that industrial ports should
become the “nerve centres” for the up-scaling of
hydrogen technologies. The potential for cluster
development around the North Sea, the North
American Gulf Coast and China’s Pacific coastline
has been underlined.

26 | Facing the Future of Hydrogen: An International Guide




Conclusion

Undoubtedly, the role that industrial and manufacturing
processes will play in the energy transition will be

key for the achievement of national and international
climate change goals. Both blue and green hydrogen
will have a role to play, with the scale and capital needs
of the industrial sector making this an interesting
proposition for those investors ready to move beyond
R&D projects. The processes of today may need
adapting and creating over the coming years, but
hydrogen will play a role in unlocking complimentary
technologies, such as carbon capture and storage, while
also expanding the areas where it is currently deployed.
With the marine and automotive landscape changing
too, industrial sectors will determine just how deep and
how far the low-carbon hydrogen revolution will reach.
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Austria

Author:
Marco Selenic

Current status for hydrogen in Austria

Introduction Austria has ambitious goals when it comes to renewable energy sources:
2030, the country wants to obtain its electricity supply completely from
renewable energy sources and as a next step become climate-neutral by 2040.
This means that by 2030, the annual electricity generation from renewable energy
sources needs to be increased by 27 terawatt hours (TWh), 11TWh coming
from photovoltaics, 10TWh from wind power, 5TWh from hydropower and
1TWh from biomass. According to the government programme, by 2030
Austria aims to produce 5,000GWh of green gas (including hydrogen).

It is clear that hydrogen will take an increasingly important role in achieving
the ambitious climate goals. How important that role will be is of political
discussions. In 2018, the Austrian government kicked off the development

of an "Austrian Hydrogen Strategy”, which was supposed to be spearheaded
by the Austrian Federal Ministry for Climate Action, Environment, Energy,
Mobility, Innovation and Technology. Political turmoil led to a new government
being elected with participation of the conservative Austrian People’s Party
and the Green Party. This led to an even stronger focus on renewable energy
production. However, despite more ambitious climate goals, hydrogen has
fallen somewhat behind on the political agenda.

The business community, however, is not deterred by the political hesitation.
Like everywhere else in the world, there are more and more hydrogen projects
surfacing. Currently approximately 180 companies in Austria deal with hydrogen
technologies and interest is continuously increasing.! A few exemplary projects
in the following fields are:

1 Energieinstitut der Wirtschaft, Wasserstoff — Zentraler Baustein der Energiewende, p. 3.
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Austria

Power to Gas The “Renewable Gasfield” situated
in Styria is one of the most advanced
research projects in this context. This
project pursues a holistic power-to-
gas approach that generates green
hydrogen from renewable electricity
through electrolysis and combines
two-stage catalytic methanation on
a large scale for sustainable energy
supply in the fields of energy, mobility
and industry.?

2 Renewable gasfield — WIVA P&G.

3 Underground Sun Storage 2030: Sonnenenergie saisonal und groBvolumig in Form von Wasserstoff speichern, vorhandene Infrastruktur nutzen
| RAG Austria AG, 08.06.2021 (ots.at).

4 PowerPoint Presentation (adx-energy.com)

5 WIVA P&G HyWest: Regional Green Hydrogen Economy — WIVA P&G.
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https://www.wiva.at/v2/portfolio-item/renewable-gasfield/
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https://www.ots.at/presseaussendung/OTS_20210608_OTS0075/underground-sun-storage-2030-sonnenenergie-saisonal-und-grossvolumig-in-form-von-wasserstoff-speichern-vorhandene-infrastruktur-nutzen-anhaenge
https://adx-energy.com/wp-content/uploads/2021/09/2262385.pdf
https://www.wiva.at/v2/portfolio-item/hywest/

Austria

6 Stadtwerke investieren 4,25 Mrd. in Klimaschutz — wien.ORF.at
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7 HyTrain: Forschungsprojekt zu Wasserstoffzug— Testbetrieb auf der Zillertalbahn | Klima- und Energiefonds, 04.08.2020 (ots.at).
8 HyTruck — Hydrogen Truck Austria — WIVA P&G.
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9 https://www.klimafonds.gv.at/ueber-uns/.

Market prospects for hydrogen

The publication of the Austrian Hydrogen Strategy is still pending. A further
rise in interest and investment activity can be expected once the strategy comes
into force. In July 2021, the Austrian Parliament enacted the Renewable Energy
Expansion Act (“REEA”, “Erneuerbaren-Ausbau-Gesetz”). One major part of the
REEA are investment grants in the amount of EUR 80m per year for the
development of technologies for renewable gases including hydrogen. These
investment grants are expected to have positive effects on development and
investment actitivites.

The Austrian Climate and Energy Fund which is set up by the Austrian government
to provide financial support to companies engaging in sustainable energy
technologies and climate research, has supported (and continues to do so)
numerous hydrogen related projects in Austria.®

There are several associations that deal with the market prospects of hydrogen,
such as the WIVA P&G association. WIVA P&G is an association for the promotion
of research and development in the fields of application, network and storage
technologies of hydrogen and renewable gases as well as measures for the
dissemination of these activities. The association supervises the “Hydrogen
Initiative Showcase Region Austria Power & Gas” (in short “WIVA P&G"),
which is also funded by the Climate and Energy Fund.

Even though hydrogen is not yet a priority on the political agenda, companies
are strongly interested in the development of hydrogen technology and
applications. Most Austrian energy providers have initiated the first hydrogen
projects in recent years. Further, the Austrian economic chamber is pushing
for an open approach to subsidising hydrogen technologies (not only limited
to 100% green hydrogen)."®

10 WKO-Kopf: Wasserstoff-Nutzung férdern, nicht behindern | SN.at
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Austria
Challenges facing hydrogen projects

Lack of a national As already mentioned, the Austrian federal government initiated a national
hydrogen strategy in 2018. However, a final strategy has (despite several
announcements) not been published yet. Austrian companies expect this strategy
to provide guidelines at the national level for funding R&D and also large-scale
demonstration projects in Austria.! In August 2021, the Austrian State Secretary
for climate protection expressed strong support for investments in Austria for
producing 100% clean hydrogen." The lack of a strategy leads to the danger
of Austria falling behind in several areas: amounts of hydrogen will be needed
in industry, mobility, heat supply and stabilisation of the electricity grid and

it will not be possible to cover the need with domestic sources only. Other
countries have begun working on partnerships to secure supply sources,
which Austria has not done yet.'

Hydrogen Strategy

Legal Framework Currently, there is no legal framework that exclusively deals with hydrogen.
The laws governing the Austrian energy industry, the Electricity Industry and
Organisation Act and the Gas Industry Act, also make hardly any reference
to hydrogen-related technologies. For example, it has not yet been clarified
whether the production of hydrogen falls under the industrial plant law
(Betriebsanlagenrecht) of the Industrial Code or under the electricity laws
of the Austrian states.

As described above, in July 2021, the Renewable Energy Expansion Act (“REEA™)
was passed by the Austrian parliament. The REEA is the most important piece
of legislation in the field of energy in Austria in decades. It was expected that
hydrogen will play a major role in the REEA. However, only first steps have
been taken in the form of the introduction of subsidies for the development
of technologies for renewable gases, including the transformation of electricity
into hydrogen. A total of EUR 40m in subsidies will be available for this purpose
per year, with the aid being granted in the form of investment grants. Up to
45% of the costs for construction of each plant will be available. The subsidies
can be higher, should the hydrogen be used for supporting the grid stability.
Other Western European Countries have announced much bigger support schemes
for the development of hydrogen technology and infrastructure.

11 energy innovation austria, Issue 172020 (energieforschung.at)
12 QVP-Staatssekretdr Brunner zum Klimaschutz: “Driberfahren ist nicht der richtige Weg"” — Umwelt, Landwirtschaft & Klima — derStandard.at » Wirtschaft.
13 Gruner Wasserstoff — der Stoff, aus dem Traume sind | DiePresse.com
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Austria

Legislation overall

Subsidies for hydrogen
projects

Generation of hydrogen

Storage of hydrogen

Regulation of hydrogen

Even though Austrian legislation is slowly advancing, there is no comprehensive
set of regulations. Therefore, general provisions of public law and energy law
must be used for the implementation of hydrogen projects.

The scope of the Gas Industry Act continues to be limited to natural gas or biogenic
gases processed to natural gas quality. Other types of gas, such as hydrogen
and synthetic natural gas, are therefore not explicitly covered by the current
provisions of the Gas Industry Act. However, this could be remedied by
Art. 1(2) of the Gas Directive 2009, the scope of which extends to other types
of gas on a non-discriminatory basis. Since the Gas Industry Act falls short of
EU law requirements in this respect and does not fully implement them, it can
be argued that EU law is directly applicable.™ In this sense, the Gas Industry
Act can also be considered applicable to hydrogen.

As described above, one of the major new developments in hydrogen legislation
is the subsidisation of electrolysis plants for the production of green hydrogen.
The construction of an electrolysis plant for the conversion of electricity into
hydrogen or synthetic gas with a minimum capacity of 1 megawatt (MW) can
be subsidised by an investment grant if the plant is used exclusively for the
production of renewable gases and is powered exclusively by renewable electricity.
Funding is excluded for plants that are built and operated by grid operators

or that add hydrogen to natural gas in the public gas grid. The investments are
subsidised with up to 45% of the investment volume directly required for the
construction of the plant (excluding land).

The Austrian legal system does not have any specific regulations on the
construction and operation of a hydrogen production plant, nor does it provide for
any specific licensing obligations for this type of plant. Therefore, the existing
general licensing obligations in Austrian law must be examined for each
hydrogen production plant on a case-by-case basis. As a commercial operating
facility, a hydrogen production plant may regularly be subject to the Austrian
Industry Act ("IA", “Gewerbeordnung”). Depending on the production capacity,
the plant may be subject to the normal licensing procedure under the IA.
Hydrogen production plants with a high production capacity may also

be IPPC plants. Therefore, the competent authority has to assess the situation
on a case-by-case basis, particularly for large hydrogen production plants that
can potentially have a significant impact on the environment. In such cases,
the comprehensive permit requirement under the Environmental Impact
Assessment Act (or Umweltvertraglichkeitsprifungsgesetz, UVP-G) must be
considered. According to the UVP-G, such plants are subject to an environmental
impact assessment in which hydrogen is produced by chemical conversion

in the order of 150,000/year."

Regulations such as the Regulation dealing with the Prevention of Accidents in
the Industry Sector (or “Industrieunfallverordnung”), the Explosion Protection
Regulation 2015 (or “Explosionsschutzverordnung 2015”) and the Regulation
on Flammable Liquids (or “Verordnung dber brennbare Flissigkeiten”) must
be consulted when storing hydrogen. Necessary considerations will depend on
the size of the facility being used.

14 De Bruyn, Power to Gas — Eine rechtliche Analyse, Jahrbuch Energiewirtschaft 2017, 169.
15 Christoph Cudlik, Ist das osterreichische Anlagenrecht reif fur Power-to-X-Anlagen? RdU-UT 2020/14, S. 63ff.
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Transport and Distribution

of hydrogen

Gas Grid regulation

16 Sec 133a GWG.

Austria

The European Agreement concerning the International Carriage of Dangerous
Goods by Road ("ADR") regulates the transport of hydrogen, which is classified
as a dangerous good under Annex A (Class 2) of the ADR. Drivers transporting
hydrogen must be appropriately trained and vehicles must meet certain
specifications required for hazardous cargoes. The Law on the Transportation
of Dangerous Goods (“Gefahrgutbeférderungsgesetz”), the Law on Pressure
Equipment (“Druckgerétegesetz”) and the Regulation on Explosion
Protection (“Explosionsschutzverordnung”) also apply to the transport,
design and manufacture of tanks being used to transport hydrogen.

The Austrian gas market is regulated by the public authority E-Control, whose
task is to monitor and support the implementation of the liberalisation of the
Austrian electricity and gas markets and, where necessary, to take regulatory
action. E-control must be notified in advance of the commencement of a natural
gas trader’s activity. The regulatory authority shall publish a current list of such
natural gas traders.

It must be considered that — unlike synthetic natural gas — hydrogen cannot be
fed into the grid in its pure form. As a result, it must first be mixed with natural
gas to form a natural gas-hydrogen mixture to achieve the required composition,
so that damage to pipelines and customer plants can be prevented. It is therefore
imperative that the gas being fed in complies with the relevant guidelines for
the Gas and Water Industry and thus, is compatible with the grid. Until recently,
the direct injection of hydrogen into the natural gas network was limited

to a maximum of 4% by volume. With the new gas quality guideline G B210,
which came into force on 1 June 2021, up to 10% hydrogen can be fed into
the gas network.

Further, recent amendments to the Austrian Gas Industry Act specify that
the Federal Minister for Climate Protection, the Environment, Energy, Mobility,
Innovation and Technology, in alignment with the Federal Minister for Digitization
and Economic Location, can set a maximum value for the technically permissible
proportion of hydrogen in natural gas pipeline networks by ordinance.®

The Electricity Industry and Organisation Act, which was amended in the course

of the new REEA package, now allows grid operators to operate power to gas
plants to stabilise the electricity grid.
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Regulatory bodies

Regulatory Body

Municipality The respective municipality makes
the decisions on land use plans.

Gas Connect Austria as Gas Connect Austria is responsible
Transmission System Operator for the safe operation of a high-
("TSO") pressure natural gas pipeline

network. It is up to the transmission
system operator to decide whether
hydrogen can be injected into the
gas grid.

E-Control GmbH E-Control monitors and supports
the implementation of the
liberalisation of the Austrian
electricity and gas markets.

Upcoming developments

As described above, the most important development the Austrian
hydrogen community and its stakeholders are waiting for is the publication
of the Austrian Hydrogen Strategy.

The following cornerstones are expected to be part of the strategy:

— Developing hydrogen technology specifically for the economic and
transport sectors to make Austria the leading hydrogen nation;

— Implementing a Climate Protection and Hydrogen Centre as a cluster for
research, innovation and technology to position Austria as a pioneer in the
field of renewable energy and support the Austrian export economy; and

— Austria:

- the pioneer in electricity generation from renewable energies focusing
on an anti-nuclear and anti-coal power agenda; and
- an innovation leader in hydrogen technology.
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Belgium

Author:
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Current status for hydrogen in Belgium

There are no fewer than 613km of hydrogen pipelines in Belgium, with nodes
around the ports of Ghent and Antwerp. This network reflects the high potential
for hydrogen projects in Belgium.

Belgian authorities encourage the development of hydrogen projects through
subsidies and other legislative initiatives. For example, many Belgian cities have
introduced low-emission zones aimed at keeping the most polluting vehicles
out of cities and promoting the use of low-carbon alternative solutions. On
16 July 2021, the Flemish government also approved a decree on zero-emission
vehicles and vehicles powered by alternative fuels, which will not only allow
the Flemish government to take (financial) incentives for the use of zero-emission
vehicles (i.e. hydrogen vehicles), but also to develop a customised infrastructure.

Since 2009, demonstration projects have been developed within the framework
of the Interreg project Hydrogen Region Flanders-South Netherlands, with
Belgium and the Netherlands working closely together in a cross-border
collaboration." This project resulted in the first hydrogen stations using electrolysis
in Flanders and the Netherlands, and the development, construction

and demonstration of innovative hydrogen-based transport. Most of the
hydrogen projects in Belgium focus on hydrogen in transport: including the
development of hydrogen refuelling stations, hydrogen fuelled cars, buses,
and (garbage) trucks.

The use of hydrogen as a large-scale renewable energy storage solution
has also been proven to have technical and economic viability in Belgium.?

1 https://www.waterstofnet.eu/_asset/_public/WaterstofNet_brochure_ENG.pdf

2 https://www.don-quichote.eu/
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Market prospects for hydrogen

There are significant prospects for growth over the coming years in Belgium.
The total technical potential for green hydrogen in Flanders is estimated to be
around 954kt by 2050.3

The Belgian recovery plan (as approved by the European Commission on 23 June
2021) has set a target for hydrogen production of 150MW by 2026. This is less
ambitious in comparison to other countries such as Germany and the Netherlands,
which plan projects for several gigawatts.

Concrete applications for the use of hydrogen, however, remain limited in the
coming decades. There are two potential interesting applications:

— for a large number of industrial processes (fertilisers, plastics, oil and steel)
hydrogen is indispensable as a raw material.

— carbon emissions from heavy and long-distance transport (such as aviation
and shipping) could also be greatly reduced by the use of liquid fuels
produced on the basis of hydrogen.*

There has been little M&A activity in the sector and relatedly, little by way of
private financing to date. This is expected to change once the Belgian government
clarifies the legal framework for hydrogen projects.

3 https://www.energiesparen.be/sites/default/files/atoms/files/20191030-Vlaamse_prioriteiten_waterstof_vanuit_energetisch_perspectief.pdf
4 https://www.energiesparen.be/sites/default/files/atoms/files/20191030-VIaamse_prioriteiten_waterstof_vanuit_energetisch_perspectief.pdf
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Reducing the cost and
securing demand

Legislative framework
gaps

Legislation overall

Belgium

Challenges facing hydrogen projects

As with many emerging technologies, the production and processing of low carbon
hydrogen is more expensive than current processes for producing “grey” hydrogen.
Accordingly, the development of hydrogen at scale is seen as a key requirement
for reducing overall costs.

Given that the production of hydrogen in Belgium at present is entirely based
on natural gas or coal, the greenhouse gases released when producing hydrogen
are higher than the emissions avoided by using the hydrogen. It will therefore
be a challenge to gradually start producing green hydrogen over the next few
years through electrolysis using renewable energy.® Belgium will have to ensure
that it has sufficient green electricity for this process.

Overcoming the current price uncertainties and lack of forecasted demand is key
for developing successful hydrogen projects in Belgium. The certainty of long-term
contracts is seen as critical for minimising some of the perceived risks.

In common with many other jurisdictions, Belgium does not have a well-defined
legislative framework for hydrogen projects across various sectors. This creates
a number of gaps and uncertainties which need to be addressed before the
hydrogen economy can flourish.

Regulation of hydrogen

There are different laws that specifically relate to hydrogen. These laws mostly
regulate health and safety aspects of using hydrogen or the transport of it (please
see more detail below).

In addition to these laws, there are other laws that do not specifically relate
to hydrogen but should be taken into account. Some new legislative initiatives
govern low-emission zones across the country (and, for example, specify that
hydrogen fuelled vehicles are allowed to enter the relevant area).

Lastly, some hydrogen projects will require a permit. This may be the case when
the project includes any of the following activities:

— the storage of gases (and therefore hydrogen);

— the physical treatment (compressing or relaxing) of gases;

— the filling of gases into movable containers,

— in addition, pursuant to the Royal Decree of 14 May 2002 on the transport
permit for gaseous products and others by pipeline, a separate permit
is needed for such transport by pipelines.

Urban planning regulations have been regionalised. When developing a hydrogen
project that requires a building/environmental license, the applicable laws will
differ in Flanders, Wallonia and Brussels.

5 https://www.energiesparen.be/sites/default/files/atoms/files/Rapport-Vlaams-potentieel-groene-waterstof. pdf
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Belgium

Injection into the gas grid —
blending hydrogen into
the existing gas networks:
regulation

Health and Safety laws

Transport of hydrogen

regulation

7 http://docs.vlaamsparlement.be/pfile?id=1380984

At present, hydrogen is not interchangeable with natural gas in the Belgian
networks. The possibilities of replacing gas with hydrogen in the natural gas
distribution network in Belgium requires further research.

For the time being, research assumes that higher concentrations of hydrogen
in the natural gas network require thorough renewal or modification of
existing storage, transport and distribution infrastructure, as well as current
consumption devices. To date, the competent authorities have not yet received
any applications for the injection of hydrogen into the natural gas network.

However, the injection of a percentage of hydrogen into the natural gas grid
and making the natural gas grid suitable for the transport of pure hydrogen
are at the top of the Belgian hydrogen agenda.

Hydrogen, like other gasses, is heavily regulated from a health and safety
perspective, particularly due to its physical qualities. Hydrogen has a wide ignition
range of 4 to 76%, has a low ignition energy (0.019MJ) and burns quickly.

The following directives and royal decrees are the most important initiatives
in terms of health and safety measures related to hydrogen:

— the Pressure Equipment Directive (PED) (2014/68/EU) applies to the
design, manufacture and conformity assessment of stationary pressure
equipment with a maximum allowable pressure greater than 0.5bar. The
directive entered into force on 20 July 2016 and is implemented in Belgian
law via the royal decree of 11 July 2016;

— the ATEX Directive (2014/34) (implemented in Belgium via the royal decree
of 16 April 2016) covers equipment and protective systems intended for
use in potentially explosive atmospheres. The directive defines the essential
health and safety requirements and conformity assessment procedures
to be applied before products are placed on the EU market;

— the royal decree of 19 March 2017 includes the safety measures relating
to the establishment and operation of installations for the transport of
gaseous products and others by pipeline. This royal decree implements the
law of 12 April 1965 on the transport of gaseous products and replaces all
older royal decrees;

— the royal decree of 13 April 2019 regulates the standards that alternative
fuels must meet (hydrogen used for road applications must for example
conform with NBN EN 17124).

The transport of hydrogen is also governed by the previously mentioned royal
decree of 19 March 2017 and a royal decree of 14 May 2002 on the transport
licence for gaseous products and others by pipeline.
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Belgium
Regulatory bodies

There is no specific regulatory body which is responsible for the regulation of
hydrogen projects. Instead, a number of regulators would have responsibilities
depending on the activity in question.

Regulatory Body

Local Authority / Town and — Regulates the use of land
Country Planning Authority — Undertakes environmental
impact assessment

Fluxys — Transports natural gas from the
gas terminals to the distribution
system operators and large
industrial consumers

The VREG (Flemish Regulator of — The regional regulators are

the Electricity and Gas Market), responsible for the organisation
the CWaPE (Commission and functioning of the regional
Wallonne pour I’'Energie) and electricity and natural gas
BRUGEL (the Brussels energy markets

regulator) (The regional — They advise the regional
regulators) authorities and monitor the

application of the law
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Upcoming developments

There have been a number of hydrogen projects in Belgium to date. WatersofNet
(a non-profit association) is one of the most active organisations in terms
of hydrogen projects. WatersofNet develops sustainable hydrogen projects
and is active in international networks. Some of the projects in which they
were recently involved are:

— Belgium signed a joint statement on 17 December 2020, together with
21 other EU Member States and Norway, announcing the official start
of work on an IPCEI hydrogen project coordinated by Germany;

— HyFLOW/Green Octopus: a collaboration between large-scale green
hydrogen producers, ports, gas companies and large-scale hydrogen
customers;

— within the EPOC project (2018-2022) 14 Belgian research partners joined
forces to create energy models. The aim of the EPOC 2030-2050 project
is to find out the most cost-effective way to reduce greenhouse gases
and guarantee the reliability of the energy supply;

— Interreg Vlaanderen-Nederland (European funded project — active since
2009 and still running as Waterregio 2.0);

— in the field of hydrogen infrastructure:

- Development and construction of two unique hydrogen filling stations,
where hydrogen will be produced on site from green electricity: in Wilrijk
the filling station will be linked to an incinerator, in Breda the filling station
will be linked to solar energy.

- Expansion of the existing hydrogen filling station on the Automotive Campus
in Helmond to serve more demonstration applications.

- Development and deployment of a mobile hydrogen filling station
to facilitate demonstrations at various locations in the region;

— in the field of zero emission applications:

- demonstration of Europe’s largest fleet of 75 forklift trucks, using ‘indoor’
hydrogen refuelling;

- development and demonstration of Europe’s first large (40 tonne) hydrogen-
powered truck;

- the demonstration programme for garbage trucks, started in the previous
Interreg project, will be continued in this Flanders and Southern
Netherlands project.
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Current status for hydrogen in Bulgaria

Hydrogen projects are in the mid to long-term pipeline of the Bulgarian energy
policy. Hydrogen has been recognised as an area to be further developed under
the Energy and Climate Integrated Plan of the Republic of Bulgaria for the
period of 2021-2030 (the “Integrated Plan”). The Integrated Plan highlights
significant opportunities for the development of hydrogen projects in transport
and power generation, especially in the renewable energy projects sector.

The enthusiasm for the development of hydrogen in Bulgaria can be seen

in several strategic documents, for example the Energy Strategy of the Republic
of Bulgaria and the Innovation Strategy for Intelligent Specialisation. It is
expected that later in 2021, the Bulgarian Ministry of Economy would prepare
the updated Innovation Strategy for Smart Specialization 2021-2027 which

is to cover some of the hydrogen usage aspects.

In addition to the above, the development of the hydrogen energy technologies
on the territory of the Republic of Bulgaria has been analysed and assessed by
the Fuel Cells and Hydrogen Joint Undertaking (“JU") in close cooperation with
the European Commission — DG Energy and with the assistance of Trinomics
and LBST. As a result of those analysis, the JU has prepared and issued a report
on the Opportunities for Hydrogen Energy Technologies considering the National
Energy & Climate Plans (the “Hydrogen Strategy”).' The Hydrogen Strategy
refers to two scenarios, where it compares the potential development by sectors.

All these documents indicate that most of the planned hydrogen projects

are within the electricity and transportation sectors. There are also hydrogen
producers operating in Bulgaria, including one in Bourgas which is owned by
Lukoil, one of the biggest players in the Bulgarian fuel market. In this example,
the hydrogen is produced in an oil refinery and, in time, could be converted
to low-carbon hydrogen.

1 https://www.fch.europa.eu/sites/default/files/file_attach/Brochure%20FCH%20Bulgaria%20%281D%209473033%29.pdf

45


https://www.fch.europa.eu/sites/default/files/file_attach/Brochure%20FCH%20Bulgaria%20%28ID%20947303

@©
=
©
[®)]
)
[aa]

Integrated Plan targets
hydrogen projects

Market prospects for hydrogen

With regards to hydrogen, the Integrated Plan provides mainly for the development
of the transportation sector in Bulgaria where the target is to introduce 32GWh

of hydrogen fuelled vehicles by 2030. Currently, there are no hydrogen powered
vehicles in the sector but the aim is that, by 2030, this figure will increase to 2.7%.
Same figures and perspectives are mentioned in the Hydrogen Strategy.

It is expected that some of the projected production shall be by way “of Power
to X" installations, where surplus solar and wind power generation will be used
for the purposes of hydrogen production. It is forecasted that the consumption
from such installations will reach 47GWh by 2030.

The Integrated Plan also states that Bulgaria shall invest approximately EUR 3.5m
into hydrogen projects by 2030. Furthermore, Bulgaria is planning to develop
hydrogen refuelling stations that will eventually have a total installed capacity
of 20MW.
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Bulgaria

Hydrogen Strategy The scenarios of hydrogen deployment in Bulgaria pursuant to the Hydrogen
Strategy show a substantial potential.
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According to the Hydrogen Strategy, the ‘surplus’ electricity production potential
can be utilised by developing hydrogen with electrolysers using renewable
electricity since to date Bulgaria has not developed its potential for exporting
electricity production surpluses. The existence of nuclear power generation
capacity in Bulgaria is also an opportunity for the development of the hydrogen
sector since these can convert the surpluses into hydrogen while working
at full load.

Currently Bulgaria has no salt cavern gas storage sites to be used for hydrogen
storage. However, there is salt deposit in the eastern part that should be further
explored whether suitable for hydrogen storage.

The strategy indicates opportunities for hydrogen demand in terms of
decarbonisation in the sector of industry (e.g. high-temperature heat
generation), heating and cooling and transport (road transport, rail sector).

As part of the positive incentives for the hydrogen development, the Hydrogen
Strategy indicates the existence of hydrogen national association and the partial
existence of hydrogen roadmap/strategy referring to the Strategy for Smart
Specialization. However, the lack of national tax incentives and the lack of
substantial greenhouse gas reduction measures play the role of contra-incentives.

The development of the hydrogen market may lead to meeting the GHG reduction
targets by 2030 as well as to investments in the range of EUR 1.0-1.8bn.
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Bulgaria

Financial incentives

Legal framework
gaps

Since the market is still under development, there are no clear private financing
options so far. However, given that the Energy from Renewable Sources Act
("ERSA") provides for certificates of origin to be issued to producers of renewable
energy, and obliges energy suppliers to purchase this renewable energy. Given
the recent changes under the Energy Act, explicitly stating that the energy

to be used for the production of green hydrogen shall be subject to certificate
of origin, albeit at preferential prices, private investors may be encouraged into
the sector.

Much like in other jurisdictions, commercial banks in Bulgaria are starting to opt
out of financing carbon intensive, fossil fuel energy projects, choosing instead
to provide debt financing to stakeholders investing in new, low carbon
technologies, such as hydrogen projects. This will be important given that the
infrastructure needed for the development of low carbon hydrogen projects
is likely to involve significant capital expenditure (for example, for new pipelines
and electrolysers).

Low carbon hydrogen production is currently expensive compared to the
production of hydrogen from coal or methane gas, having not yet benefitted
from the price reductions seen across other more mature low carbon technologies.
Developers, therefore, will often need financial assistance beyond their own
equity investment to support hydrogen projects. However, smaller developers
are not always able to satisfy the conditions attached to bank financing. State
support may, therefore, have a crucial role in funding hydrogen projects at
least initially, especially for smaller developers. Such support will be needed
until the cost of generation reaches market levels and becomes self-sustainable.

Challenges facing hydrogen projects

The regulatory framework for hydrogen in Bulgaria is very brief. The February
2021 revision of the Bulgarian Energy Act provides for the very first legal
definition of hydrogen as part of the green energy within the definition of
“green hydrogen”. The same draft provides that the producers of electricity
from green hydrogen (from plants that are operational following 1 January
2021) shall not pay the 5% fee to the Bulgarian Fund for Security of the Energy
System that is due by the other renewable energy sources producers. Other than
those general provisions and the draft ruling on charging stations for hydrogen
vehicles, there is currently no more detailed and specific legal framework

in place. Instead, hydrogen production, transportation, storage and use falls
within existing legislation for the production of other gases and general
construction.

Since 7 of January 2021, a new ordinance No P1-02-20-2 dated 28 September
2020 on design, construction, exploitation, and control of hydrogen fuelling
stations is effective, that also covers the applicable specifics of hydrogen storage
in those cases.
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Financial support and
incentives

Research and education

Specific legislation/
regulation

Bulgaria

At present, there is a general lack of specific financial support for the introduction
of hydrogen projects in the market, except for the certificates of origin. This is
very much likely to change once the technology develops and with the phasing
out of Bulgarian coal-fired baseload capacities.

Except for the research made under the preparation of the Hydrogen Strategy,
The Bulgarian Academy of Sciences (“BAS") and Bulgaria’s Technical University
in Sofia have dedicated major efforts into researching the development of
hydrogen production and its use in the transportation sector. The main areas
of focus are charging stations and the storage of hydrogen. In February 2019,
the Bulgarian Ministry of Education and Science announced that they would
finance the National Scientific Program Low Carbon Energy for Transport and
Households until 2022.2 The programme aims to develop innovative methods
in the use and storage of clean energy, in anticipation of implementing them
across several Bulgarian municipalities, and will focus on:

— Renewable energy storage and transformation;
— Electric vehicles and hydrogen mobility; and
— Effective methods for carbon dioxide capture and utilisation.

Regulation of hydrogen

There is no specific legislation adopted in Bulgaria for the regulation of hydrogen
projects, besides the two provisions noted at paragraphs Specific legislation/
regulation and the specifics in terms of fuelling stations as per the ordinance
referred to under paragraph Policy and government programmes. The Energy
Strategy of Bulgaria nor the Integrated Plan provide for the development of a
specific framework. It is therefore likely that Bulgaria will follow EU regulations
in the sector for any unregulated matters. Until then, existing laws relating

to energy regulation will apply, such as the Energy Act, ERSA and the Spatial
Development Act, which governs the construction of different types of projects.

Policy and government programmes

The Integrated Plan envisages the development of hydrogen projects in a strategic

context. It is anticipated that practical steps under the Integrated Plan, such as
the introduction of specific support mechanisms for financing, will be developed
within the planned ten-year period up to 2030. The same is envisaged under
the Hydrogen Strategy.

The hydrogen sector development is considered under the draft Development
and Sustainability Plan as prepared by the Ministry Council of Bulgaria

in February 2021. It is still subject amendment and approval. However, the referred
plan provides for the development of hydrogen roadmap and infrastructure
for transportation and supply of hydrogen.

2 Scientists from BAS and higher education institutions are developing new methods for using and storing clean energy — Bulgarian Academy of Sciences
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Bulgaria

Primary legislation

Regulation of
hazardous activities

Transport, import
and export of hydrogen

Despite the fact that there is no specific legislation in this area, the Energy Act,
RESA, and the Spatial Development Act, as well as certain secondary legislation,
will apply as general rules governing the generation, connection and distribution,
transportation, financing and the permitting process of hydrogen projects. As
a result, under this legislation, hydrogen projects will be provided with priority
access to the gas and electricity grids and awarded with certificates of origin
for the electricity generated from hydrogen.

The most relevant acts regulating hazardous activities are:

— the Environmental Protection Act (“EPA"), together with its secondary
legislation; and

— the Act on Providing Information on the Environment and its Protection,
Public Participation in Environmental Protection and on Environmental
Impact Assessments (“EIA Act”), which includes an obligation to conduct
an environmental impact assessment in respect of a planned hydrogen
project.

Since there are no dedicated regulatory solutions for hydrogen, the provisions
applicable to gaseous fuels should be taken into account in this respect.
Specific rules related to transportation of dangerous goods apply to road

and railway transportation as provided for under the general EU legislation:

— the Agreement concerning the International Carriage of Dangerous Goods
by Road ("ADR"); and

— the Regulation concerning the International Carriage of Dangerous Goods
by Rail ("RID").

Regulatory bodies

As there are no hydrogen-specific provisions, the general provisions concerning
the investment process and exploitation of industrial installations and devices
will apply to hydrogen.

The key regulatory bodies in relation to power generation projects are:

— The Energy and Water Regulatory Commission (“EWRC") — the national
regulatory agency that governs the licensing of installations for power
generation; and

— Local authorities — governing the building and spatial planning processes
in each municipality, which are vital for the installation of electricity
or refuelling stations.

A number of regulators would have responsibilities depending on the activity
in question.
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Regulatory Body Role
Energy and Water Regulatory — Licensing of installations for
Commission ("EWRC") power generation.

Health & Safety Local Authority — Assesses environmental impact;
— Approves construction planning;
— Approves use of hazardous
goods.

Upcoming developments

The Integrated Plan will be the key document in terms of regulating
the potential development of the hydrogen sector in Bulgaria.

It is also expected that Bulgaria will adopt a new Sustainable Energy Strategy
(a joint document covering both the former Energy and Energy Efficiency
Strategies) where the future role of hydrogen will be outlined in a clear way.

Bulgaria will follow any developments at an EU level following the Green
Deal and the overall focus on the transformation of the energy sector towards
a carbon-neutral status.

As Bulgaria exceeded its 2020 targets in relation to developments in the renewable
energy sector it is expected that, once hydrogen legislation and incentives are
put in place, it could be among the leaders in the field, given Bulgaria’s current
dependency on fossil fuels, such as lignite, and its lack of other feasible
alternatives.

In order to support the development of the hydrogen market in Bulgaria,
the government shall undertake steps to:

— develop and prepare a roadmap;

— develop a strategy on the greenhouse gas reduction measures;

— develop some tax incentives,

— implement a specific regulatory framework to cover the different sector
areas, where hydrogen is to be applied.



Chile
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Current status for hydrogen in Chile

Introduction Hydrogen is expected to have a substantial role over the coming decades
in decarbonising the Chilean energy system. In 2019, the Chilean government
announced that Chile would be carbon neutral by 2050." However, at present,
Chile is still at an early stage regarding hydrogen production due to technical
barriers, an underdeveloped legal framework and a lack of clear financial
support mechanisms.

In November 2020, the Chilean government published its “National Green
Hydrogen Strategy” a public commitment that comes to show a growing public
interest in developing a green hydrogen industry in Chile. Specifically, the
government strategy emphasises the natural advantages to produce renewable
energy in Chile and its consequently low cost, the lowest in the world according
to the document, which makes green hydrogen-based energy sources an
attractive alternative for the Chilean energy grid.?

At present, hydrogen production in Chile is still largely carried out by industrial
gas producers and is primarily used in the refining industry (for hydrotreating,
hydrocracking and desulphurisation), the food industry (in the manufacture
of oils and margarines), the glass industry, the power generation industry (as a
generator coolant), and in thermal and thermochemical treatments.? Every year,
around 58,500 tons of hydrogen are produced in the country, 98% of which

is used by refineries and the rest for the manufacture of glass and food.*

1 More information available at: https://www.emol.com/noticias/Economia/2019/06/18/951626/Chile-y-su-meta-de-ser-carbono-neutral-El-ambicioso-camino-
de-los-otros-paises-que-tambien-se-propusieron-serlo.html; and,
https://news.bloomberglaw.com/environment-and-energy/chile-aims-for-first-green-hydrogen-production-by-end-of-2021

2 More information available online at: https://energia.gob.cl/h2/

3 More information available at: https://www.4echile.cl/4echile/wp-content/uploads/2018/04/LIBRO-TECNOLOGIAS-H2-Y-PERSPECTIVAS-CHILE.pdf

4 More information available at: https://www.agenciase.org/2019/11/20/el-combustible-del-futuro-el-hidrogeno-verde-en-la-mira-de-chile-y-el-
mundo/#:~:text=En%20Chile%2C%20actualmente%20se%20produce,combustibles%20f%C3%B3siles%20como%20gas%20natural. &text=Al%20
a%C3%B10%2C%20en%20el%20pa%C3%ADs,fabricaci%C3%B3n%20de%20vidrios%20y%20alimentos.
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Public transport

incentives

Use of hydrogen
in industry

Hydrogen (specifically hydrogen fuel cells or similar) is seen as a potential
solution for larger road vehicles in the Chilean public transport system.®

The Ministry of Energy announced that the public transport system should
shift in the short term towards natural gas and hydrogen fuel cell systems,
both contributing to reducing the pollution caused by current diesel and gas
transport fleets. In addition, if successful, this shift will include efforts with
various public and private industry players to develop technologies that could
be applicable in taxi fleets, buses and commercial fleets for the distribution
of goods and services.

At present, Chilean industry uses hydrogen (mostly “grey” hydrogen) as a
feedstock for several industrial processes. With the development of concentrated
solar power plants ("CSPs") and wind farm technology over the coming decade,
this hydrogen could be obtained through electrolysis. Currently, there are
two examples of low-scale pure hydrogen producers in the country:

— "INDURA Lirquén” is a green-hydrogen plant, located in southern Chile.
Since 1996, it has been developing 99% pure green-hydrogen through
electrolysis for the purpose of supplying hydrogen to local glass
manufacturers.

— "ASU Indura Graneros” is a hydrogen plant, located in central Chile, which
produces and supplies pure hydrogen to local industries.

Finally, a big market player in Chilean industry is Linde, which in 2006 initiated
the operation of a grey hydrogen plant, located in Concén, Chile with

a production capacity of 4,200kg/h. This hydrogen is supplied through

a pipeline to the nearby oil refinery Empresa Nacional de Petréleo (“ENAP"™),
which has a hydrogen demand of 3,003kg/h. This hydrogen production
plant uses steam reforming methane with a thermal efficiency of 85%. It also
distributes around 4,500kg/month of hydrogen to external customers.®

5 https://energia.gob.cl/electromovilidad/hidrogeno-verde
6 https://www.4echile.cl/publicaciones/tecnologias-del-hidrogeno-y-perspectivas-para-chile-2019/
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Chile

Use of hydrogen
in mining sector

Green hydrogen

ambitions

There have been some key advances in the implementation of hydrogen for
use in fuel mining trucks. Overall, 25% of the total carbon footprint of local
copper mines is produced by oil-based engines. In order to reduce Chile’s
carbon footprint and contribute to the production of “green-copper”, Chile is
promoting hydrogen fuelled mining trucks and other hydrogen fuelled industry
support vehicles. Chilean public entity Corporacién de Fomento a la Producciéon
("CORFO")also called for two public tenders to study the feasibility and
implementation of two different technologies:

— dual powered hydrogen-diesel engines for mining trucks; and
— hydrogen fuel cell-powered mining trucks and support vehicles.
— Tenders were awarded in 2019.

In the case of the dual powered engines, the project was awarded to the
technological consortium composed of: ALSET, the University of Santiago, Pontificia
Catholic University of Chile, Japanese NTT DATA, Comparnia Minera del Pacifico,
BHP Chile, Anglo American Sur and ENGIE, amongst others. The purpose
of this consortium was to develop a giant mining truck and demonstrate the
technical and economic feasibility of mixing hydrogen with diesel. The total
cost of this project is approximately USD 15,875,000, of which CORFO contributed
USD 5,080,000 over the course of four years. The rest will be funded by
the consortium.

Regarding the fuel cell-powered engines, the project was awarded to a second
consortium composed of Federico Santa Maria University, Public Company
Codelco, Collahuasi, Metalpar, Siemens, Engie, the National Mining Society,
the National Hydrogen Center of Spain and LINDE. This project has a total cost
of approximately USD 16,500,000, of which CORFO contributed USD 825,000.
This project is being directed by local Federico Santa Marfa Technical University
where researchers have stated that they expect to be conducting the first in-plant
tests for a hydrogen-powered mining vehicle by 2022.

Regarding green hydrogen production, on 18 October 2018, the World Energy
Council identified Chile as the "hidden champion” in the race to develop
a green hydrogen economy.

In light of the above, it is estimated that by 2050, revenues from exports
of green hydrogen could represent 10% of the current Chilean GDP.
Furthermore, the Ministry of Energy estimates that by 2050, 50%

of the hydrogen production market in Japan and South Korea could be captured,
as well as 20% in China.®

7 https://www.corfo.cl/sites/Satellite?blobcol=urldata&blobkey=id&blobtable=MungoBlobs&blobwhere=1475166591633&ssbinary=true
8 https://www.senado.cl/senadores-conocen-las-ventajas-del-denominado-combustible-del-futuro-el/senado/2020-06-26/103338.html
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National Green
Hydrogen Strategy

The National Green Hydrogen Strategy is a series of policies introduced by
the Chilean government in October 2020 that aims to create a green hydrogen
industry for Chile. Chilean government studies indicate that Chile will have the
lowest green hydrogen production cost in the world to the point where, with

a 160m ton yearly green hydrogen production potential, the Chilean government
not only aims to produce green hydrogen to supply its local energy demand
but also hopes to start exporting its energy to the rest of the world before
the end of the decade.

The National Green Hydrogen Strategy is set up in a three-phased plan:

— From 2020 to 2025. The government plans to accelerate the deployment
of green hydrogen in six prioritised applications in order to create local
supply chains and acquire experience in the developing of the industry.
Incentives for green hydrogen use and production will be aimed at: (1) oil
refineries, (2) ammonia production, (3) mining haul trucks, (4) heavy-duty
trucking, (5) long range buses, and (6) blending into gas grids (hydrogen
injection into existing gas networks).

— From 2025 to 2030 onwards. The local government aims to leverage its
growing local experience on green hydrogen production so that it can start
exporting energy to other nations and by doing so becoming a key player
in the energy export community.

— Finally, a third phase will exploit synergies and economies of scale to expand
the local industry into a position in which Chile could become a global
supplier of clean fuels with a special focus on the future use of ammonia
in the shipping industry and synfuels in aviation.

The Chilean state has pledged it will become a facilitator, coordinator and
promoter of green hydrogen projects in its quest to establish a new industry
through a multisectoral effort in which both private and public sector play

a key role. The public sector will intend to identify and lower legal, financial,
technical and regulatory barriers. Private initiatives shall build upon these
fundamentals to play a leading role in developing the technologies, business
investments and projects required to scale up efficient and competitive local
and export markets.

In the same line, the Chilean state has set up a policy to promote its domestic
and export market for green hydrogen by: (i) launching funding rounds of up
to 50 MUSD to support selected green hydrogen projects; (ii) establishing a
public-private roundtable, to discuss the pathway for both carbon prices and
taxes that may better reflect the negative externalities that fossil fuels produce;
(iii) committing to bridge regulatory and standard gaps throughout the
hydrogen production process to ensure safety standards and give assurances
to investors; (iv) the establishment of an operational team to help developers
in permitting and piloting processes for green hydrogen project developments;
(v) integrally reviewing natural gas regulations and local infrastructure to promote
the injection of green hydrogen quotas in the existing gas infrastructure
therefore increasing the local demand for green hydrogen; and (iv) deploying
a green diplomacy strategy to position itself internationally as a source of
clean energy.

Chile
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Chile

Legislative framework
gaps

Financial support and
incentives

Market prospects for hydrogen

The hydrogen market in Chile is at an early stage and has significant prospect
for growth over the coming years. The Ministry of Energy has advised that
hydrogen will be a key enabler for Chile to meet its 2050 net zero goals.

Because of the nascent status of hydrogen projects, there has been limited
M&A activity in the sector and as such, little by way of private financing to date.
This is expected to change once the Chilean government clarifies the legal

framework, as promised in the aforementioned National Green Hydrogen Strategy.

Notwithstanding the above, 2021 has already seen the emergence of some
M&A operations. Among some of the most renowned projects are Green
Hydrogen production ventures such as (i) “Haru Oni”in the Magallanes Region;
(i) a consortium between energy company Engie and mining research organisation
Mining3 in order to incentivise decarbonisation in the mining industry through
the use of green hydrogen; and (iii) “"HyEx", a project that aims at implementing
green hydrogen in the production of mining explosives.

Challenges facing hydrogen projects in Chile

In common with many other jurisdictions, Chile does not have a specific legislative
framework for hydrogen projects across the various sectors. Therefore, it is
important that new regulations are established to regulate the use of hydrogen
in Chilean industry. There are a number of gaps and uncertainties that will need
to be addressed before the hydrogen economy can truly flourish.

The Chilean government supports the generation and use of alternative fuels
generally and particularly hydrogen in the move to decarbonise the public
transport system and the mining industry. This support is reflected in the
decision of CORFO to financially support projects such as Hydra, which seeks
to decarbonize the mining industry.® By the end of January 2021 the same
public entity had received 18 letters of interest to develop green hydrogen
projects from private investors. These letters are a response to a request for
information solicited by CORFO that aimed at gathering information from private
parties interested in developing green hydrogen projects. CORFO is currently
studying the possible alternatives of public support that may be necessary
for the projects that show to be most promising.

9 https://www.corfo.cl/sites/Satellite?c=C_NoticiaNacional&cid=1476726420760&d=Touch&pagename=CorfoPortalPublico%2FC_NoticiaNacional%2FcorfoDet

alleNoticiaNacionalWeb
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Research and education
efforts

Primary Legislation

However, according to a 2020 study by Deutsche Gesellschaft fur Internationale
Zusammenarbeit and 4E Chilean Renewable Energy Program and Electric
Efficiency, Chile still requires a larger engagement from public and private
funds in the development of the hydrogen sector across the board.

The mentioned study states:

“...there are few climate finance options applicable to energy innovation
projects in Chile. This implies a major challenge in improving business models,
regulatory conditions and risk identification for this type of initiatives. This
is relevant, especially considering that the spectrum of investors (concessional
and non-concessional) interested in this type of low-carbon development
projects is growing.”°

Generally, there needs to be an increase in the amount of research that
is conducted into hydrogen in order to fully understand the availability and
applicability of the resource and the technology needed for its production.

Chilean regulation of hydrogen

In broad terms, hydrogen in Chile is classified as a dangerous substance and,
according to NCh382.0f98: 2003, it belongs to the Class 2.1: “flammable
gases”. Therefore, the regulated activities are only those set out in the regulation.
Namely, the following areas of activities are regulated:

— transport of hazardous substances in public roads;
— storage of hazardous substances; and
— possession of hazardous substances in the workplace.

The Ministry of Public Health regulates storage of dangerous substances
(including flammable gasses), and basic sanitary and environmental conditions
in the workplace pursuant to the following regulations:

— Supreme Decree N° 43 approves the regulation of storage of dangerous
substances." This regulatory decree is the most complete regulation on
hydrogen in Chile. It explicitly refers to the storage of hydrogen and is the
most comprehensive in terms of specific measures such as safety distances
and maximum storage capacities. However, this supreme decree explicitly
indicates that it does not apply to “liquid and gaseous fuels, used as energy
resources”, which "must be regulated by the Ministry of Economy,
Development and Reconstruction”.

— Supreme Decree N° 594 approves regulations on basic sanitary and
environmental conditions in the workplace. It requlates hydrogen implicitly
when dictating provisions for “flammable substances” and on fire safety
measures; and

— Exempt Resolution N° 408 approves a list of dangerous substances to
health. This exempt resolution introduces hydrogen as a “hazardous
substance” in both compressed and liquid forms, however it has not been
regulated by the Ministry of Economy, Development and Reconstruction.

10 Full report available at: https://energia.gob.cl/sites/default/files/opciones_de_financiamiento_climatico_para_proyectos_innovadores_en_el_sector_

energetico_en_chile.pdf
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Chile

Transport regulation

Health & Safety laws

Mining sector laws

Environmental laws

The Ministry of Transport and Telecommunications regulates the transport
of dangerous substances by road and their handling in port facilities, in the
following regulations:

— Supreme Decree N° 298 regulates the transport of dangerous loads on streets
and roads. It establishes general provisions for the transport of dangerous
substances on public roads. However, it does not provide details or specific
requirements for hydrogen or flammable gases transported in bulk. Nor
does it contain provisions for the bulk transfer of flammable gases; and

— Resolution N° 96, which updates and modifies handling and storage
regulations of dangerous cargoes in port facilities. It has mainly administrative
provisions, product classifications and indications of what can be deposited
in certain port areas. It also does not reference the transfer of flammable
gases in bulk.

The Ministry of Labour and Social Welfare has also issued a regulation on the
prevention of occupational risks, which indirectly applies to hydrogen projects
as it requires employers to have an internal regulation of safety and hygiene

in the workplace, by means of Supreme Decree N° 40. This Supreme Decree
approves regulation on professional risk prevention and requires employers
to prepare and keep current safety and hygiene regulations, in addition to
informing workers of the risks they run and training them to adequately face
such risks. These provisions mandate to update the safety and hygiene regulations
to include "hydrogen” whenever it is incorporated into a work task, in addition
to informing and training workers

The National Service of Geology and Mining issued a Supreme Decree in 2004
which establishes mining safety regulations that could affect hydrogen indirectly.
It does not refer to hydrogen directly, but this regulation allows the use of
Liquefied Petroleum Gas (“LPG") and Compressed Natural Gas ("CNG") as a
fuel for machinery in underground mines (under Article 129°), which suggests
that they could also accept the use of hydrogen as a fuel.

Regarding the environmental aspects of hydrogen, it is estimated that the current
regulations issued by the Ministry of Environment, addresses projects related
to the hydrogen value chain and guides environmental impact statement
proceedings. The Ministry of Economy and the Ministry of Environment are
analysing in detail the current regulations in relation to hydrogen in order
to propose specialised legislation.

11 Supreme Decree N° 43 is available online at: https://www.leychile.cl/Navegar?idNorma=1088802
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Hydrogen-specific Regulation  Despite the lack of comprehensive regulation, small advances have been made
aiming at creating broad regulation, a small change in Decree-Law 2,224
made in December 2020, granted sufficient powers to the Ministry of Energy
so that it may directly regulate the hydrogen industry, which will be done
on the basis of specific regulations on the subject.

In May 2020, a regulatory proposal funded by the Chilean Ministry of Energy
and developed by the Pontificia Universidad Catolica de Chile laid the groundwork
for an eventual regulatory framework for the development of green hydrogen.'

Despite recent legal undertakings and proposals, the currently existing regulatory
framework of hydrogen is still insufficient for all of its applications, since the
eventual spread of the use of hydrogen requires updated, specific and detailed
regulations, covering situations not dealt with by existing regulations.

Regulatory bodies

There is no specific regulatory body which is responsible for the regulation
of hydrogen projects. Instead, a number of regulators have responsibilities
depending on the activity in question.

Municipal Authority — Regulates the use of land

Labour Direction — Regulates workplace hazards
regarding storage and use

Environmental Evaluation — Undertakes Environmental Impact
Service Assessments and all proceedings
related.

Ministry of Energy — As mentioned on p.56 under
Environment, recent changes
in law decree number 2.224
have made the Chilean Ministry
of Energy the ultimate regulatory
body and has granted them
sufficient powers to regulate
the industry.

12 Decree Law 2.224 available at: https://www.bcn.cl/leychile/navegar?idNorma=6857
13 Full proposal available online at: https://h2lac.org/wp-content/uploads/2020/10/Estudio_Propuesta-regulatoria-hidrogeno-Chile.pdf
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Chile

Upcoming developments

As of 24 August 2021, nine months after the enactment of the Strategy,
there are 60 green hydrogen projects in portfolio in Chile, mainly located
in Antofagasta, Valpraiso, Biobio and Magallanes. It is advised that future
projects should aim to be built in areas with low project congestion, considering
the huge volume of projects currently being processed. Some of the most
relevant projects are the following:

Haru Oni: a project currently in early construction and expected to initiate
operations by 2022, led by companies such as Enel Green Power, Siemens
Energy, Exxon Mobile, Global Thermostat and Porsche in the Magallanes
Region. This project seeks to generate green hydrogen-based synthetic fuels
(e-fuels) from wind power.

HYEX: currently in early development and carried out by Engie and Enaex
in the Antofagasta region. This project aims to generate green ammonia
for the manufacture of explosives use in mining operations;'®

HYDRA: a project developed by CSIRO, Engie and Mining3, which seeks
to validate the generation and use of hydrogen fuelled vehicles for
electromobility in mining operations that is currently in its pilot phase;
Enagas, Acciona Energia and GNL Quintero: all key players in the Chilean
energy industry, have partnered to develop a USD 30m green hydrogen
generation plant for the generation of green hydrogen in the Chilean port
city of Quintero."”

14 https://www.globalcompliancenews.com/2021/09/24/chile-green-hydrogen-background-regulation-and-future-10092021/

15 https://www.df.cl/noticias/empresas/energia/fiebre-por-el-hidrogeno-verde-empresas-comienzan-a-avanzar-en-proyectos/2021-08-19/101851.html
16 https://www.energiaestrategica.com/estos-son-los-siete-proyectos-clave-en-hidrogeno-verde-del-sector-privado-en-chile/

17 https://www.notimerica.com/economia/noticia-enagas-acciona-alian-impulsar-proyecto-hidrogeno-verde-chile-2565-millones-20210819160453.html
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China

Author:
Vera Zhang

Current status for hydrogen in China

In 2020, China’s hydrogen production exceeded 25m tons, accounting for
about one third of the world’s total production. China has become the world’s
largest hydrogen energy producer and consumer. Production and sales of metal
hydrogen storage materials have now surpassed Japan, and China is fast
becoming the world’s largest hydrogen storage material producer and retailer.
China produces mainly “grey” hydrogen with “green” hydrogen accounting
for a very small proportion (less than 1%). Although it is likely that fossil fuel-
based hydrogen will continue to be the main form of hydrogen produced in
China over the next decade, it is believed that after 2030, green hydrogen will
gradually become the main. China has huge potential for hydrogen production
from renewable energy and has been the world’s largest investor in renewable
energy for eight consecutive years.!

At present, China's hydrogen production is mainly in the fields of chemical industry
and steel manufacturing, specifically in petrochemical, chemical industry and
coking. Hydrogen is used mostly as a raw material to produce methanol, synthetic
ammonia and other chemical products, with only a small portion used for
industrial fuel.

Over the last decade, particularly since the “13th Five-Year Plan” was outlined
in 2016, there has been an enormous push to develop hydrogen-powered
vehicles in China. Hydrogen fuel cells are a key component of hydrogen-powered
vehicles, and hydrogen refuelling stations are the necessary infrastructure required
to support the application of hydrogen fuel cell vehicles (“FCVs") in China. At
present, the application of hydrogen is mainly within the promotion of hydrogen-
powered vehicles and also as the main material for synthetic chemicals.
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The National Alliance of Hydrogen and Fuel Cell ("NAHFC") was launched
in February 2018 with the aim of enhancing “the development of China’s
hydrogen sector in speed and quality”. NAHFC is a government supported
alliance that was jointly formed by a consortium of energy and automotive
companies, including China Energy Investment Group and state-owned SAIC
Motor, as well as several leading science and technology institutes. Several
major international players from the energy industry are also members of NAHFC,
including Air Liquide, Air Products and Linde. NAHFC acts as a platform to
enable coordinated innovation, research and development of hydrogen and
fuel cell projects, and as a thinktank to guide state policy.2

In August 2020, NAHFC worked alongside the Hydrogen Council to produce
the "Path to Hydrogen Competitiveness — A Cost Perspective”, a Chinese version
of the Hydrogen Council’s 2019 research report. The report highlighted that
developments in technology, among other areas, will aim to assist in reducing
the costs associated with hydrogen production and stated that this is an area
in which China has much to offer.®

On 22 September 2020, at the United Nations General Assembly, China pledged
to achieve carbon neutrality by 2060 and to reach its peak carbon dioxide
emissions by 2030. In order to facilitate this, China aims to increase its nationally
determined contributions and adopt more effective policies and measures. The
continuous drop in the cost of hydrogen production from wind and solar power
generation provides a potential decarbonisation path for industries that are
most dependent on fossil fuel energy in economic activities, such as steel,
heavy road freight, shipping and cement. China needs a long-term perspective
to achieve its goal of net zero emissions in the future and solar, wind and hydrogen
energy are all expected to be some of the most appropriate solutions. For the
goal of carbon neutrality by 2060, China is expected to shift to a structure based
on hydrogen production from renewable energy, anticipating clean energy

to reach 80%.4

4 https://chuneng.bjx.com.cn/news/20210420/1148201.shtml
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Industry sector

China

In April 2021, the “China Hydrogen Energy and Fuel Cell Industry White Paper
2020" (the “White Paper 2020”) released by NAHFC indicated that in the
scenario of carbon peak in 2030, China’s annual demand for hydrogen is expected
to reach 37.15m tons, accounting for about 5% of the final energy consumption,
the output of renewable hydrogen is estimated to be about 5m tons, and the
installed capacity of electrolytic cell will be about 80GW.

In the scenario of carbon neutralisation in 2060, the annual demand for hydrogen
in China is expected to increase to about 130m tons, accounting for about
20% of final energy consumption, and renewable energy production of hydrogen
will be about 100m tons. It is anticipated that hydrogen will still be used most
in the industrial field, which is about 77.94m tons, accounting for 60% of the
total hydrogen demand; 40.51m tons of hydrogen will be used in transportation,
5.85m tons in construction, and 6m tons in power generation and power grid
balance.®

Since 2017, the development of China’s hydrogen-powered and FCV industry
has been in full swing. Hydrogen fuel cells are mainly used in commercial
vehicles, which have different application fields from pure electric vehicles.
Although hydrogen FCVs are still in an early stage of research and development
in China, it is expected that the next five to ten years will become a “golden
era” for the industrialisation and rapid promotion of hydrogen FCVs.

At the end of 2019, more than 130 hydrogen-refuelling stations had been built
or were under construction in China: 61 had been completed and 52 are in
operation. China has initially formed industrial clusters and demonstration-
application areas in the Beijing-Tianjin-Hebei area, Yangtze River Delta, Pearl
River Delta, Shandong Peninsula and the central region. These are areas of
highly concentrated industrial activity where the cost of hydrogen infrastructure
can be shared between market participants. At present, there are nearly
4,000 vehicles of various types operating in the demonstration areas, such
as fuel cell cars, trucks and buses.

China already has a recognised hydrogen energy industrial foundation. Currently,
however, its production is mainly reliant on fossil fuels and hydrogen is
predominantly used as a raw material for the synthesis of industrial chemicals.
Unsurprisingly, the steel and chemical production industries consume the
greatest amounts of hydrogen in China. Domestic hydrogen production from
coal is the largest, reaching 21.24m tons, accounting for 63.54%, followed
by industrial by-product hydrogen and hydrogen production from natural gas,
with the output of 7.08m tons and 4.6m tons respectively, and the hydrogen
production from electrolytic water is about 500,000 tons. Fossil fuels, such
as coal, natural gas, and petroleum, account for almost 70%; hydrogen produced
from industrial by-product gases accounts for about 30%; and hydrogen
produced by electrolysis of water accounts for less than 1%. In terms of regional
distribution, China’s hydrogen production capacity is mainly concentrated in
Northwest, North and East China, accounting for 75% in total. Among them,
the capacity in Northwest China is 10.67m tons per year, in North China it

is 10.21m tons per year, in East China it is 9.4m tons per year, in South China
it is 4.99m tons per year, in Southwest China and Northeast China it is 3.35m
tons per year and 1.95m tons per year respectively, accounting for 8.3% and
4.8% respectively.

5 http://finance.cnr.cn/txcj/20210422/t20210422_525467869.shtml
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6 https://www.mdpi.com/1996-1073/12/1/54

Market prospects for hydrogen

It has been announced that, since 2017, Chinese investment into domestic
hydrogen energy projects has exceeded CNY 250bn. In the first half of 2019,
there were as many as 70 domestic investment projects in the field of hydrogen
energy and fuel cells, including investments of some tens of billions of Yuan,
and 50 projects with a public investment amount exceeding CNY 90bn.

In recent years, with the successive promulgation of national policies (which
are discussed in more detail below), many large enterprises have entered the
hydrogen energy market. These include many well-known state-owned enterprises
such as CHN ENERGY, State Grid and China HuaNeng Group.

Many energy-related private companies are also aggressively expanding into
the hydrogen-energy market, intending to occupy a strategic place in the future
market. Among them is Meijin Energy Group (“Meijin Energy”), one of the
most high-profile names in the oil and gas industry. In June 2019, Meijin Energy
announced that it had signed the “Qingdao Meijin Hydrogen Energy Town
Cooperation Framework Agreement” with Qingdao Municipal Bureau of Industry
and Information Technology. Under the agreement, the town’s total industrial
land scale is planned to reach about 2,000mu (equivalent to 1.33 km?) and

will receive a total investment of CNY 10bn — the majority of which will be
provided by Meijin Energy. The purpose of the agreement is to invest in hydrogen
technologies, for example commercial new energy vehicles (“NEVs"”), membrane
electrodes, fuel cell stacks and systems, as well as providing support for scientific
and technological innovation centres, fuel cell testing centres and the research
and production of other projects. Furthermore, the agreement stated that Meijin
Energy will establish a platform dedicated to the construction and operation
of hydrogen energy infrastructure and initiate the launch of a hydrogen energy
industry fund for investment into major projects in the industrial chain.

In July 2019, Meijin Energy also announced that it had used its own funds to
increase Guangdong SinoSynergy Hydrogen Power Development Co., Ltd.
("Synergy”) capital by CNY 180m. Synergy have invested heavily in factories
in the Yunfu Industry site, Guangdong Province, where they produced over
300 hydrogen-powered fuel cell-battery hybrid buses in 2018-2019.5
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Furthermore, in August 2019, Meijin Energy and Jiaxing Transportation Investment
Group Co., Ltd. signed the “Jiaxing Hydrogen energy infrastructure construction
and hydrogen fuel vehicle demonstration operation platform cooperation
agreement”. The agreement stipulates that the two parties will cooperate, through
the establishment of a joint venture company, in the construction of hydrogen
energy infrastructure in Jiaxing, Zhejiang Province, and in the demonstration
operation platform of hydrogen-powered vehicles.

On 19 January 2019, Shanghai Re-fire Energy Technology Co., Ltd. and the
People’s Government of Nanhai District, Foshan City, Guangdong Province
formally signed a contract. The former will invest in the construction of a hydrogen
energy industry base project in Danzao Town, Nanhai District. The purpose of
the project is to set up several research and development bases that will focus
on investigation into hydrogen fuel cells, hydrogen-powered FCVs and the related
industries. The project is expected to have an annual output value of CNY 15bn.
This follows another hydrogen-energy investment worth tens of billions of Yuan
in Danzao Town; the Hydrogen Power (Foshan) R&D Centre and vehicle
production project that was launched in 2017.

Following the announcement of the establishment of the hydrogen energy
division in July 2021, GCL new energy (00451), a subsidiary of GCL group,
officially announced the hydrogen energy development plan: the goal of blue
hydrogen is to gradually expand the capacity to 4m tons of synthetic ammonia
per year and supply 700,000 tons of blue hydrogen in China. The goal of green
hydrogen is to build 100 comprehensive energy stations by 2025 to reach an
annual capacity of 400,000 tons. In August 2021, Shenghui Technology
(300423. SZ) announced the establishment of the Shenghui New Energy Co.,
Ltd. to invest in and layout core industries such as hydrogen energy storage.

In August 2021, Peng Huagang, Secretary General of the State-Owned Assets
Supervision and Administration Commission (“SASAC") of the State Council,
said that more than one-third of the central enterprises are already in the layout of
the whole industrial chain, including hydrogen production, hydrogen storage,
hydrogenation and hydrogen consumption. The State Power Investment
Corporation has simultaneously arranged the whole industrial chain of hydrogen
production from renewable energy and fuel cell in the hydrogen energy industry.
During the “14th Five-Year plan” period, Sinopec plans to lay out 1,000
hydrogenation stations or oil hydrogen joint construction stations. In addition,
PetroChina officially established the Hydrogen Energy Research Institute in 2021.

China
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High costs, difficulties in
storage and lack of hydrogen
infrastructure

Legislative framework
gap

Legislation overall

Challenges facing hydrogen projects in China

Since hydrogen is a secondary energy source that is produced by using primary
energy, and the costs of its storage, transportation, and production are high,
people in China are sceptical as to whether hydrogen energy is economically viable.

Industry experts say that the current core technology and equipment related
to China’s hydrogen infrastructure require improvement, and a large amount of
scientific and technological innovation and input are needed to reduce the cost
of hydrogen energy. In addition, although the use of liquid hydrogen storage
and transportation can reduce the cost of hydrogen, China’s liquid hydrogen-
related equipment manufacturing and industrialisation is in its early stages and
it will take time for liquid hydrogen storage and transportation to be widely
adopted.

In common with many jurisdictions, China does not have a well-defined
legislative framework for hydrogen projects across various sectors. This
creates a number of gaps and uncertainties, which need to be addressed
before the hydrogen economy is able to flourish.

Regulation of hydrogen

China has not yet introduced specific or unified laws or administrative regulations
on the use of hydrogen energy. The policy basis for the development of
hydrogen energy utilisation in China is mainly founded on national industrial
planning policies and local pilot regulations. Planning policies are discussed
in more detail, below.

With regard to pilot regulations, 28 provinces have included the development
of hydrogen energy in their provincial “14th Five-Year Plan for National Economic
and Social Development and the Outline of Long-Term Goals for 2035”; ten
provinces, including Guangdong and Shanxi, have included the development
of hydrogen energy in their Government Work Reports in recent years. As
well, provinces such as Shandong, Hebei and Zhejiang have released development
plans for their local hydrogen energy industry. Additionally, many other provinces
have formulated relevant policies to promote the development of the hydrogen
energy industry that relate to the construction of hydrogen energy infrastructure,
the manufacturing of key components and the supporting operation services.
For example, the NEV industry action plan, issued by Shanxi Province in 2019,
outlined plans to carry out hydrogen fuel vehicle projects in Taiyuan, Datong
and other cities; Guangdong Province issued the “Implementation Plan for
Accelerating the Development of Hydrogen Fuel Cell Vehicle Industry” in 2020,
setting out the establishment of an independent, controllable and technologically
advanced hydrogen fuel cell vehicle industry chain.
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Policy and government The “13th Five-Year National Strategic Emerging Industry Development Plan”

programmes issued by the State Council in 2016 proposed to promote thg development
of on-board hydrogen storage systems and hydrogen preparation, storage,
transportation and refuelling technologies, as well as to promote the construction
of hydrogen refuelling stations.

The Government Work Report of the State Council 2019, states that there
is a national mandate to “promote the construction of charging and hydrogen
refuelling facilities”. This is the first time that hydrogen energy has been included
in a Government Work Report and reflects its growing importance in China.

In March 2020, the National Development and Reform Commission and the
Ministry of Justice issued “Opinions on Accelerating the Establishment of Green
Production and Consumption Laws and Policies”, stating that the promotion
of clean energy development requires the study and formulation of standards and
supporting policies for new technologies, such as hydrogen and ocean energy.

In January 2021, National Development and Reform Commission promulgated
the "Catalogue of Encouraged Industries in the Western Region”. Among them,
hydrogen processing and manufacturing, hydrogen energy fuel cell manufacturing,
hydrogen transmission pipeline and hydrogenation station construction have
been included in the catalogue of encouraged industries in Guizhou Province
and Inner Mongolia Autonomous Region; hydrogen energy and other new energy
and related device manufacturing industries and industrial operation services
have been included in the catalogue of encouraged industries in Shanxi Province.

In February 2021, the State Council issued the “Guiding Opinions on Accelerating
the Establishment and Improvement of the Green and Low-carbon Circular
Development Economic Systems”, which put forward to promote the green and
low-carbon transformation of the energy system and develop hydrogen energy.

In March 2021, the National People’s Congress approved the “Outline of
the 14th Five-Year Plan for National Economic and Social Development and
the Long-Range Objectives Through the Year 2035 for the People’s Republic
of China”, stating that China plans to deploy a number of future industries in
cutting-edge technology and industrial transformation fields such as hydrogen
energy and energy storage.

Primary legislation The draft Energy Law of the People’s Republic of China, issued on 10 April 2020,
highlighted various energy sources. However, unlike other secondary energy
sources such as electrical power, thermal power and refined product oil,
hydrogen was not listed separately, but was only categorised as “other new
energy sources”.” Therefore, the importance and potential of hydrogen is yet
to be fully reflected in China’s legislation. In any case, the inclusion of hydrogen
energy in the energy category in the draft aims to promote the development
of relevant industries. After being included in the energy category, it is
expected to be easier for enterprises to obtain approval for the construction
of hydrogenation stations, hydrogen production, storage and
transportation.®

7 Article 2(2) of Energy Law of the People’s Republic of China (Draft for Comments): Applicable Scope
The energy mentioned herein means various available energy resources that can be derived directly or through processing or conversion, including the primary
energy sources like coal, crude oil, natural gas, coal bed methane, hydropower, nuclear energy, wind power, solar energy, geothermal energy and bio-energy,
the secondary energy sources like electric power, thermal power and refined product oil, and other new energy sources and renewable energy sources.

8 https://www.yicai.com/news/100588754.html
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According to the Regulations on the Safety Management of Hazardous
Chemicals, hydrogen belongs on the hazardous chemicals list. Therefore,
it is generally believed that the operators of hydrogen-production plants
and hydrogen-refuelling stations should obtain hazardous chemical
business licences. Such licences are issued by the safety production
supervision and management department which is part of the Ministry
of Emergency Management of PRC.

“China’s Energy Development in the New Era” was published by the State Council
in December 2020, stating that China will accelerate the development of
hydrogen energy industry chain technology equipment such as green hydrogen
production, storage, transportation and application, and promote the development
of hydrogen energy fuel cell technology chain and hydrogen fuel cell vehicle
industry chain.

On 19 April 2021, the National Energy Administration published “Guiding
Opinions on Energy Work in 2021”, proposing to carry out pilot demonstrations
in the hydrogen energy industry, to deepen China-EU cooperation in
energy technology innovation such as hydrogen energy, and to promote the
implementation of a number of cooperative demonstration projects.

In terms of the standard setting, at present, China currently has 12 national
standards and two industry standards in the field of hydrogen energy
safety; four national