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Abstract: In August 2020, Germany and Ukraine launched an energy partnership that includes the
development of a hydrogen economy. Ukraine has vast renewable energy resources for “green”
hydrogen production and a gas transmission system for transportation instead of Russian natural
gas. Based on estimates by Hydrogen Europe, Ukraine can install 8000 MW of total electrolyser
capacity by 2030. For these reasons, Ukraine is among the EU’s priority partners concerning clean
hydrogen, according to the EU Hydrogen strategy. Germany plans to reach climate neutrality by
2045, and “green” hydrogen plays an important role in achieving this target. However, according to
the National Hydrogen Strategy of Germany, local production of “green” hydrogen will not cover
all internal demand in Germany. For this reason, Germany considers importing hydrogen from
Ukraine. To govern the production and import of “green” hydrogen, Germany and Ukraine shall
introduce legal regulations, the initial analysis of which is covered in this study. Based on observation
and comparison, this paper presents and compares approaches while exploring the current stage
and further perspectives for legal regulation of hydrogen in Germany and Ukraine. This research
identifies opportunities in hydrogen production to improve the flexibility of the Ukrainian power
system. This is an important issue for Ukrainian energy security. In the meantime, hydrogen can be a
driver for decarbonisation according to the initial plans of Germany, and it may also have positive
impact on the operation of Germany’s energy system with a high share of renewables.

Keywords: green hydrogen; renewable energy; energy transition; electrolyser; Germany; Ukraine;
energy partnership

1. Introduction

On 26 August 2020, Ukraine and Germany signed a Joint Declaration of Intent on
the Establishment of Energy Partnership. This energy partnership covers different areas,
including energy efficiency, renewable energy, decarbonisation and others. However, one
of the most discussed topics is the hydrogen economy [1].

Discussions of cooperation perspectives between Germany and Ukraine on the hy-
drogen economy commenced before the conclusion of the Joint Declaration between the
countries. At the end of 2019, Germany and Ukraine held negotiations regarding hydrogen
energy cooperation [2]. However, after the establishment of the energy partnership, such
discussions have been initiated with increasing frequency.

It should be noted that the energy partnership between Germany and Ukraine does
not cover all issues of green hydrogen use. The energy partnership focuses only on issues
regarding green hydrogen production and the realisation of initial projects in Ukraine
together with German companies [3]. At the same time, important issues such as the legal
regulation of hydrogen in Ukraine remain beyond the framework of this cooperation.

This work analyses the perspectives for German-Ukrainian energy partnership regard-
ing green hydrogen production as one of the most important issues of this partnership. The
energy partnership between Germany and Ukraine is based on certain preconditions. As a
country with an area of 603,628 sq. km, Ukraine has incredible renewable energy potential

Energies 2021, 14, 8331. https:/ /doi.org/10.3390/en14248331

https://www.mdpi.com/journal/energies


https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0003-0411-1579
https://doi.org/10.3390/en14248331
https://doi.org/10.3390/en14248331
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14248331
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14248331?type=check_update&version=1

Energies 2021, 14, 8331

2 0f27

for green hydrogen production. For this reason, the EU considers Ukraine a partner in
strategic hydrogen studies and reports. At the same time, Germany has a large demand for
green hydrogen that must be covered partially by imports.

This paper considers the renewable energy potential and issues with the flexibility
of the energy system of Ukraine for additional deployment of the renewable generation
for hydrogen production. According to information provided by the Ukrainian TSO, the
installed capacity of renewables in October 2021 was 7954.60 MW [4], or 14.18 percent of
the total installed capacity of the Ukrainian united power system, which is 56,067.40 MW.
However, the current installed capacity of renewables is a small part of Ukraine’s potential.
According to the data presented in the atlas of energy potential of renewables, Ukraine has
a renewable energy source (RES) potential of 874 GW. Based on this research, the general
potential for annual hydrogen production in Ukraine is 505,133 million cubic meters or
44,597 thousand tons [5].

Meanwhile, Germany has the largest hydrogen demand in the European Economic
Area, equalling 22 percent of all demand. In 2018, the demand for hydrogen in Germany
was over 70 TWh [6]. According to the National Hydrogen Strategy of Germany, by 2030
this demand will increase around 90 to 110 TWh [7].

Notwithstanding a 46.3 percent renewables share in gross electricity consumption in
Germany in 2020 [8], the country will not be able to cover increased demand for hydrogen
by internal production alone and plans to import green hydrogen. To achieve this, the
German National Hydrogen Strategy includes an action plan with 38 measures that also
includes international cooperation and partnership with other countries [7].

Taking into account the RES potential of Ukraine, Germany is exploring the possibility
of producing hydrogen in Ukraine with transportation through the Ukrainian gas pipeline
network [9]. However, to produce green hydrogen for export to Germany, Ukraine must
ensure the development of renewable generation and installation of electrolysers. Pursuant
to the green hydrogen initiative for the European Green Deal, by 2030 Ukraine must have
8000 MW of electrolyser capacities for hydrogen to supply it to the EU, and 1800 MW for
ammonia for the domestic market [10].

Construction of all electrolyser capacities in Ukraine by 2030 will require the deploy-
ment of renewable projects. However, this will only be possible if the country is able to
attract the required amount of investment.

According to the Green Hydrogen Investment and Support Report, Ukraine will need
EUR 20.1 billion investments under the Table 1.

Table 1. Investments in solar, wind and electrolyser capacity for green hydrogen production in
Ukraine [11].

Ukraine, MW Ukraine, Billion Euro
Electrolysers 10,000 3.5
Onshore Wind 11,100 13.3
Solar PV 11,100 3.3
Total 20.1

Despite the existing demand in Germany and Ukraine’s potential for the hydrogen
production, there are many challenges for the realisation of hydrogen projects within the
framework of the German-Ukrainian partnership.

This paper aims to analyse the main barriers in legal regulations in Ukraine and
Germany to the realisation of green hydrogen projects for the purposes of the Joint Energy
Partnership and German energy transition goals. At the same time, this paper includes
analysis of possible ways to improve the flexibility of Ukraine’s energy system as one of
the potential obstacles to increasing renewable generation for green hydrogen production.

According to an online survey within 20 representatives of German companies or-
ganized, based on the German-Ukrainian Energy Partnership, the main restrictions for
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the development of hydrogen projects are uncertainty with consumers for the hydrogen,
funding of projects in Ukraine with high political risks and a low level of profitability, lack
of legal rules for hydrogen production in Ukraine, and uncertainty as to the logistic issues
for produced hydrogen [3].

In order to also have the opinion of representatives of Ukrainian companies for
the purpose of this paper on the basis of the Ukrainian Wind Energy Association, an
online survey regarding the perspectives of green hydrogen projects and obstacles to their
realisation in Ukraine was organised. The key results of this survey are described in
this paper.

Energy partnership in the area of hydrogen opens up significant export opportunities
for Ukraine and Germany, not only for produced hydrogen but also for new technologies.
In the meantime, the successful use of new hydrogen technologies is possible only on
the ground of the regulatory framework and effective cooperation between businesses in
both countries.

In terms of novelty, the main contributions of the current study are:

i.  Comprehensive analysis of the current level of legal regulation in the field of green
hydrogen production in Germany and Ukraine, which identifies risks for the en-
ergy partnership between the countries and explores measures for their reduction
or elimination;

ii.  Review of the impact of the German-Ukrainian energy partnership in terms of hydro-
gen production for the improvement of power system flexibility under conditions of
energy transition;

iii. Presenting the results of a survey among market participants representing RES gener-
ation in Ukraine, which identifies obstacles to the development of green hydrogen
projects and hydrogen partnership with Germany.

An important element of this paper and its novelty constitutes analysis of possi-
ble ways to improve the flexibility of Ukraine’s energy system by means of the use of
electrolysers for green hydrogen production for:

- Balancing renewables on the electricity market; and
- Reducing renewables curtailments.

Analysis of the possible methods for improvement of the flexibility of Ukraine’s energy
system with the use of electrolysers has not previously been performed, and for this reason
this paper includes quite new issues and conclusions for the energy system of Ukraine.

2. The State of Legal Regulation of Green Hydrogen in Germany and Ukraine
2.1. Legal Regulation in Germany

Considering the legal regulation of hydrogen in Germany, it shall be mentioned that
hydrogen technology is regulated at the EU and Member States levels. The development
of hydrogen in the EU is based on a number of strategic documents. First of all, hydrogen
is essential for climate-neutrality targets under the European Green Deal [12]. For the de-
velopment of the hydrogen production in the EU, the following documents with hydrogen
perspectives were adopted:

- Updating the 2020 New Industrial Strategy that includes hydrogen in the strategic
areas and hydrogen projects that can be realised as Important Projects of Common
European Interests [13];

- NextGenerationEU states that clean hydrogen projects will be funded within the
framework of the new Strategic Investment Facility [14];

- The EU Hydrogen Strategy presents the prospect of hydrogen deployment in the EU
till 2030 with analysis of possible obstacles [15].

Except for strategy documents, some regulations of hydrogen are included in the
following EU legislative acts:
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- Directive 2014/94/EU on the deployment of alternative fuels infrastructure that
determines hydrogen as an alternative fuel that helps to substitute fossil fuel and can
lead to transport sector decarbonisation [16];

- Directive (EU) 2018/2001 on the promotion of the use of energy from RES that men-
tions the importance of covering hydrogen by guarantees of origin that apply to
renewable gas [17].

According to the HyLaw report [18] the following EU directives have an impact on
the hydrogen production:

- Directive 2012/18/EU on the control of major accident hazards involving danger-
ous substances that determines hydrogen as a dangerous substance with qualifying
quantity for lower-tier requirements and upper-tier requirements [19];

- Directive 2014/34/EU relates to equipment and protective systems intended for use in
potentially explosive atmospheres that can be applied to equipment of the hydrogen
production plants [20];

- Directive 2010/75/EU on industrial emissions that includes requirements for hydro-
gen production [21].

At the same time, alongside hydrogen production, at the EU level it is highly important
to regulate infrastructure issues like pipeline networks, and market rules for hydrogen.
Regarding market rules, it is possible to implement the same approach as to the gas market
regulation [22], but this approach is only at the stage of discussions and proposals.

Notwithstanding a lot of legal acts regulating hydrogen at the EU level, the HyLaw
report concludes that the main obstacles for hydrogen deployment connected with a lack
of proper harmonisation of regulations and discrepancy of the regulations in the national
legislation that is not connected with regulation at the EU level [18].

According to the Green Hydrogen: A Guide to Policymaking from IRENA [23], the
national policies for hydrogen economy shall be based on the following main regulations:

- National hydrogen strategy;

- Policy priorities for hydrogen;

- Guarantee of origin schemes; and
- Enabling policies.

2.1.1. National Hydrogen Strategy

Germany has made significant progress in the development of policy for green hydro-
gen. In the middle of 2020, Germany published its Hydrogen Strategy [7] that includes not
only goals and ambitions regarding the hydrogen economy, but also an action plan with
38 measures.

2.1.2. Policy Priorities for Hydrogen

The possibility of using hydrogen in different sectors and industries depends on infras-
tructure availability. According to IRENA, countries have different levels of development
for different sectors of hydrogen projects and Germany, in contrast with other countries,
is concentrated on possible options for hydrogen transportation through the natural gas
pipeline [23]. For instance, in 2020, the German gas pipeline operator presented the concept
of a project involving the largest pipeline for hydrogen with a length of 5900 km [24].

Moreover, after the publication of the National Hydrogen Strategy, the German Federal
Network Agency (Bundesnetzagentur) organised a consultation with market participants
from 13 July 2020 to 4 September 2020 regarding hydrogen networks regulation [25].
According to the results of this consultation, there were different opinions regarding the
regulation of hydrogen. However, most stakeholders supported the idea of new regulation
through a separate law for hydrogen infrastructure [25].

In other words, all these facts evidence the policy priorities of Germany regarding
infrastructure for the transportation of green hydrogen.
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2.1.3. Guarantee of Origin Schemes

Hydrogen as a chemical element has characteristics that do not depend on the produc-
tion method and the determination of its origin is impossible. For this reason, it is highly
important for the hydrogen market with different categories of hydrogen depending on the
source of production to have “a traceability system [26]” as certain rules for confirmation
of its origin, such as a guarantee of origin scheme.

Guarantee of origin schemes are implemented in the EU at national and EU levels [27].
A guarantee of origin can confirm production of green hydrogen with the use of renewable
energy. At the EU level, a lot of guarantees of origin bodies and schemes exist, but they
work under different procedures and standards that lead to problems due to the lack of a
unified definition of “green hydrogen” in the EU [27].

Meanwhile, the first guarantee of origin for green hydrogen was issued at the EU
level by CertifHy in 2018 [28]. By the end of 2020, CertifHy provided 2900 guarantees of
origin for 86 tonnes of green hydrogen [29]. It should be noted that the growth of use of the
CertifHy scheme for issuance of guarantees of origin for green hydrogen is expected [29].

On the national level in Germany, two bodies—Clean Energy Partnership and TUV
SUD—provide certificates of origin, but only for “grey” hydrogen [27].

According to measure No. 30 of the German National Hydrogen Strategy, confirmation
of origin for electricity from RES and green hydrogen is important for the development of
the hydrogen market. At the same time, it emphasises that all standards for hydrogen shall
be at the EU level to establish an international hydrogen market [7].

Thus, regulation of the issuance of guarantee of origin certificates in Germany depends
on the development of EU regulation of this issue.

2.1.4. Enabling Policy

Hydrogen projects can obtain funding in Germany at the national and EU level. In
May 2021, Germany announced the realisation of 62 hydrogen projects with state funding
of EUR 8 billion [30]. It should be noted that this financial state support shall be used
mostly for the construction of electrolysers and hydrogen pipelines. At the EU level, on
22 June 2021, Germany received funding for hydrogen projects as part of the European
initiative of the EU Important Project of Common Interest (“IPCEI”) of EUR 1.5 billion
under the recovery and resilience plan [31], approved by the European Commission with
general funding of EUR 25.6 billion [32].

In other words, Germany has the funds and budget for the realisation of hydrogen
projects and especially for IPCEIL. However, to commence the realisation of any project with
new products, it is crucial to have at least the main definitions of this product determined
in legislation.

2.1.5. Definition of “Green Hydrogen”

After approval of the National Hydrogen Strategy, Germany commenced work on the
preparation of a legal framework for hydrogen production. One of the main issues of this
work is the legal definition of “green hydrogen”.

The German National Hydrogen Strategy defines the following types of hydrogen on
the basis of the production conditions:

- “grey hydrogen” is produced from natural gas by means of reforming;

- “blue hydrogen” is produced with the use of carbon capture;

- “green hydrogen” is produced from water by means of electrolysis with the use of
electricity from RES;

- “turquoise hydrogen” is produced through the thermal splitting of methane [7].

On the national level in Germany, “green hydrogen” is defined in the Ordinance
on the Implementation of the RES Act 2021 and in the Amendment of Other Energy
Regulations (“Ordinance on the Implementation of EEG 2021”) of the Federal Government
(Bundesregierung) dated 19 May 2021 [33]. The Ordinance on the Implementation of EEG
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2021 includes the requirements for green hydrogen for exemption of surcharge payments
under the RES Act (Erneuerbare-Energien-Gesetz—"“EEG 2021” [34]).

In the meaning of the Ordinance on the Implementation of EEG 2021, green hydrogen
shall be produced electrochemically by the exclusive consumption of electricity within the
first 5000 full-load hours of a calendar year in a facility for the green hydrogen production.
Production of the green hydrogen shall be based on the electricity:

- Generated from RES in the meaning of the EEG 2021;

- From installations located in the price zone of Germany of at least 85 percent and from
installations located in a price zone that is electrically connected with Germany by
15 percent, and

- Produced without supportive scheme under the EEG 2021, the Ordinance on the
Implementation of EEG 2021 or under the Act on Combined Heat and Power in the
version applicable to the installations or without any other support [33].

Where the renewable energy sources under the EEG 2021 include (a) hydropower;
(b) wind and solar energy; (c) energy form geothermal sources; (d) bioenergy [34].

The Ordinance on the Implementation of EEG 2021 also contains requirements for
confirmation that electricity used for green hydrogen production is from renewable energy
sources. In case of the supply of electricity through the grid production from RES, it
shall be confirmed through the guarantees of origin for RES or, in the case of electricity
consumption that is not transmitted through a grid, the electricity produced from RES
shall be consumed in the facility for the production of green hydrogen during each 15-min
interval of electricity generation [33].

In the meantime, the definition of “green hydrogen” is not yet determined at the EU
level [26]. Due to this uncertainty, the Federal Government (Bundesregierung) shall revise
requirements for green hydrogen within the scope of application of the surcharge payment
exemption under the EEG 2021 without any delay after determining the requirements for
green hydrogen in the EU. The main idea of this approach is explained in the Ordinance on
the Implementation of EEG 2021 as the aim to have requirements that are as uniform as
possible for all uses of green hydrogen, and such conditions shall ensure the operation of
facilities for the production of green hydrogen with all requirements [33].

It should be noted that the requirements for green hydrogen in the Ordinance on the Im-
plementation of EEG 2021 were determined only to introduce surcharge payment exemption
for hydrogen under EEG 2021 like a stimulation scheme for green hydrogen production.

Therefore, according to German law, green hydrogen is hydrogen produced by electric-
ity from RES based mostly on the territory of Germany and without any supportive scheme.

2.1.6. Supportive Schemes for Production

Green hydrogen production is based on the division of water into hydrogen and
oxygen in an electrolyser that runs on renewable electricity. For this reason, costs of
green hydrogen production consist of the capital costs or CAPEX for construction of the
electrolyser and operational costs, or OPEX, for electricity and water for the production
process [35]. At the current stage of technology development, the costs for green hydrogen
production are higher by 2—4 times than the costs of grey or blue hydrogen and are from
EUR 70/MWh to EUR 130/MWHh [29]. However, the market trends in natural gas and coal
prices should be taken into account.

The electrolyser manufacturer estimates that the CAPEX takes 20% of the project and
80% of the costs are allocated for OPEX. It should also be noted that approximately 95%
of the OPEX is the cost of electricity. This allocation of costs is evidence that the price on
green hydrogen is highly dependent on electricity prices [35].

At the current stage of the regulatory process, Germany considers two main ap-
proaches for support of green hydrogen development through OPEX (operating) and
CAPEX (capital) costs [26].
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2.1.7. Supportive Scheme for OPEX Costs

Green hydrogen production is based on the use of electricity from RES. However,
electricity prices in Germany are growing. For instance, in the first six months of 2021, the
spot price for electricity in Germany was approximately 55 EUR/MWh, much higher than
in previous years with an average price 33 EUR/MWh [36]. Moreover, in June 2021, the
spot electricity price reached 74.08 EUR/MWHh [36], and in September 2021, the average
electricity price in Germany even reached 128 EUR/MWh [37].

Considering the level of spot electricity prices in Germany, the operating costs for
green hydrogen production are currently very high. To decrease operating costs, Germany
adopted a surcharge payments exemption for green hydrogen under EEG 2021. This
surcharge payments exemption provides a decrease in the electricity price for hydrogen
production and as a result helps to reduce operating costs.

The surcharge payment exemption under EEG 2021 for electricity consumed in a green
hydrogen production facility will apply from 1 January 2022 under the Ordinance on the
Implementation of EEG 2021.

To rely on the surcharge payments exception, producers of green hydrogen, as final
electricity consumers, and electricity suppliers for the final consumers for production of
green hydrogen shall:

- Inform about this surcharge payments exception in the notification to the transmission
system operator under the EEG 2021 [34]; and

- Prove their right to the surcharge by submitting an audit certificate as part of their
notification, which should be issued by an auditor, an auditing company, a cooperative
auditing association, a sworn auditor, or an auditing company that includes:

1.  The maximum power consumption of the green hydrogen production equipment
during one hour of operation under normal conditions,
2. The amount of electricity consumed by the green hydrogen production equip-
ment during the calendar year in question,
3. That for the calendar year the levy for electricity consumed by the operator itself
is not limited under the EEG 2021,
4. Compliance with the requirements regarding confirmation of the electricity from
RES [33].
The main purpose of the surcharge payments exception under EEG 2021 is accelera-
tion of growth of the market for hydrogen technology to reach the goals of the National
Hydrogen Strategy [38].

2.1.8. Supportive Scheme for CAPEX Costs

According to current studies, the cost of electrolyser systems significantly affects the
cost of hydrogen projects and constitutes a significant part of their CAPEX. The capital costs
of water electrolysis technologies in 2020 were from 600 EUR /kWin till 2130 EUR/kWin
depending on the technology [29].

For this reason, projects that could provide an initial reduction in the cost of elec-
trolysers are actively considered and implemented in Germany. Over time, it is expected
that the cost of renewable hydrogen equipment (electrolyser systems, stacks) will decrease
due to increased scale and automation of production. In addition, there is a significant
correlation between the cost of hydrogen production and the number of hours of use of
production equipment (the more hours per year the equipment is used, the lower the cost
of hydrogen production) [39].

As a supportive scheme for CAPEX costs, Germany has started the process of obtaining
funding under the European initiative of IPCEL In particular, the German state authority
has selected 62 of the 230 projects submitted for funding under the IPCEI Hydrogen project.
The projects, which are expected to receive funding under IPCEI, concern the production
of green hydrogen (electrolyser capacity of 2 GW) and hydrogen infrastructure (pipelines
up to 1700 km), as well as the production of fuel cell systems and vehicles [40].
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The expected project costs that will be funded by the German government total EUR 8
billion, and the involved funding will cover the investment costs of the project. However,
it is also anticipated that projects and their funding under the IPCEI will trigger further
investments in the sector of up to EUR 33 billion, of which EUR 20 billion is expected from
private sector [26].

With the exception of special funding for the IPCEI, the following incentives for a
decrease in capital costs of hydrogen projects can be considered in Germany:

- Investment aid, by means of establishment of special funding for investment in
equipment for hydrogen production,

- Mechanisms to decrease risks, including state guarantees or long-term policies for
hydrogen projects to decrease the projects costs [39].

2.1.9. Other Support

In addition to the IPCEI, Germany envisages a new contractual framework for a
subsidy payments to the consumers of green hydrogen like a steel plants that would be
connected with the price of a tonne of CO; according to the EU Emission Trading System
(ETS) [39]. This approach is called the “Carbon Contract for Difference” (CCfD) regime for
support of the avoidance of GHG emissions by the consumer together with hydrogen [39].
Such an approach is more complex and advanced in comparison with current supportive
schemes for renewables. In the EU Hydrogen Strategy, the European Commission also
included a proposal with regard realization of pilot program with a CCfD scheme.

Germany considers supportive schemes not only for capital and operational costs, but
also for markets and different sectors and industries before and after 2030. According to a
roadmap for the presenting and development of support schemes for the hydrogen industry,
the initial phase up to 2030 requires particularly strong involvement of government support
measures for hydrogen supply and demand. From 2030 onward, it is expected that the gap
between the cost of renewable and fossil fuel-generated hydrogen will narrow significantly,
and liquid hydrogen market participants will be able to cover the gap to a large extent on
their own [39].

2.1.10. Hydrogen Infrastructure Regulation

The regulation of green hydrogen in Germany is focused not only on hydrogen
production, but also on infrastructure issues for transportation of green hydrogen. In
particular, on 25 June 2021, the German Industry Act (Energiewirtschaftsgesetz, “EnWG”)
was amended with regard to the hydrogen network regulation [41].

It should be noted that hydrogen networks should be subject to regulation under the
updated Directive 2009/73/EC (“EU Gas Directive”) [42]. However, until adjustment of
the EU Gas Directive, Germany decided to implement regulations for hydrogen networks
for the transition period [41].

Regulation of hydrogen networks for the transitional period is based on the follow-
ing approaches:

- Opt-in regulation—a regulation of hydrogen networks that shall be carried out at the
choice of the respective network operator, and in case of choice of opt-in regulation,

- Vertical unbundling—when the network operator carries out activity separately from
the regulation of any gas networks of the same operator [43].

Opt-In Regulation

The network operator that has a hydrogen pipeline is entitled to declare through the
Federal Network Agency for electricity, gas, telecoms (Bundesnetzagentur (BNetzA)) the
hydrogen pipeline for the purpose of the opt-in regulation. This option is a right of the
network operator and not an obligation. However, according to the opt-in regulation,
the network operator can receive the return of its costs for hydrogen networks and profit
through the network tariffs paid by customers [41].
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It should be noted that the declaration for the purpose of the opt-in regulation is
possible only without a time limit, with regard to the whole hydrogen pipeline of the
network operator and if the necessity of the hydrogen infrastructure is confirmed by
BNetzA [41].

Vertical Unbundling

If the network operator decides to choose the opt-in regulation, the hydrogen infras-
tructure must comply with the following rules:

- Legal unbundling that means the independence of the network operator from the
production, storage, and supply of green hydrogen;

- Accounting unbundling that means separate accounting for hydrogen pipeline operations;

- Access to the grid that means access for third parties to the grid on non-discriminatory
conditions, but the network operator is entitled to deny access if connection is not
possible due to operational, economic, or technical reasons [43].

The application of new regulations is possible only for the transportation of hydrogen
through certain pipelines. In cases involving the transportation of blended hydrogen with
natural gas, regulation for natural gas is subject to application [41].

In order to provide more certainty for investors in hydrogen projects and for implemen-
tation of the National Hydrogen Strategy on 22 September 2021, the Federal Government
(Bundesregierung) adopted the Ordinance on the Costs and Charges for Access to Hydro-
gen Network and Amending the Incentive Regulation Ordinance (“Ordinance on the Costs
for Access to Hydrogen Network”). The Ordinance on the Costs for Access to Hydrogen
Network creates the basis for calculating the network costs that hydrogen network opera-
tors finance through network payments. It should be noted that this regulation of costs
plays an important role for funding for IPCEI hydrogen projects [44].

Therefore, in 2021, Germany has already approved the regulations for hydrogen pro-
ductions and hydrogen infrastructure to remove such barriers as uncertainty for developers
and investors in hydrogen projects. At the same time, Germany plans to adjust its national
hydrogen regulation in line with EU rules that will be approved later.

2.2. Legal Regulation in Ukraine

Ukraine does not yet have any regulation of green hydrogen. Within the framework
of the Third Energy Package implementation, the electricity and natural gas markets
commenced work in Ukraine. The Law on Natural Gas Market does not contain any
definition or regulation of green hydrogen. At the same time, the Law on the Alternative
Sources of Energy does not regulate the use of RES for green hydrogen production.

Only biohydrogen is mentioned by the Law on Alternative Types of Liquid and Gas
Fuel, according to which biohydrogen is hydrogen obtained from biomass and is a type
of biogas [45]. For the time being, biohydrogen is defined as a type of fuel; therefore, the
legislation requires transformation to regulate hydrogen as a carrier of energy.

In the EU regulation, Ukraine was mentioned among the priority partners in the EU
Hydrogen Strategy due to significant renewable energy potential. Moreover, one of the key
actions under the EU Hydrogen Strategy is the promotion of cooperation on renewable
electricity and hydrogen with partners in Eastern Europe, especially Ukraine [15]. At the
same time, for cooperation with regard to hydrogen technology, national policies and
legal regulation in Ukraine are also required. Moreover, Ukrainian legislation cannot be
developed in isolation. In order to implement projects successfully with international
partners, it is essential that Ukrainian legislation is harmonised with the legal framework
of neighbouring and partner countries.

2.2.1. National Hydrogen Strategy

Ukraine has not yet approved a hydrogen strategy. However, according to the IRENA
guide, approval of a hydrogen strategy precedes (1) research and development (R&D)
programmes, to have basic knowledge about technology; (2) a vision document that
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presents public and private opinion regarding the further development of hydrogen; (3) a
roadmap that describes the further steps for hydrogen development; (4) strategy that is a
policy document with main goals regarding the development of hydrogen technology [23].

2.2.2. R&D Programmes

The most important focus for the development of hydrogen technology in Ukraine
is a project launched by a Regional Gas Company (RGC, Kyiv, Ukraine) in February
2020 [46]. This project includes series of experiments to study the behaviour of hydrogen
and hydrogen mixtures at different concentrations in Ukrainian gas pipelines [47]. Within
this project, RGC built five sites of pipeline networks for over 180 tests and experiments [46].
It is expected that the results of this project will be used for the development of technical
policies to redesign the network pipeline infrastructure [46].

The Ministry of Energy also studies the production potential of “blue”, “green”, and
“yellow” hydrogen. It plans to use the results of these studies as a basis for a hydrogen strat-
egy that will include a plan for developing all types of hydrogen, including its production,
its use in Ukraine and export [48].

Ukrainian gas transmission system operator also has a project for exploration of the
existing gas transmission system for its availability for hydrogen transportation and export
to the EU [49].

According to a study on hydrogen technologies in the Energy Community, the results
of R&D projects in Ukraine can form a basis for legal regulation. Still, currently, the number
of R&D projects is very limited and requires a national and regional strategy for hydrogen
technologies to be adopted [50].

At the same time, most of the mentioned R&D programmes are connected with the
development of infrastructure and logistic issues for green hydrogen supply in Germany
and other EU countries. However, R&D programmes with regard to hydrogen production
are seldom subject to discussion.

R&D programmes are organised mostly by market participants and are concentrated
mostly on the use of the gas pipeline for green hydrogen transportation from Ukraine to
the EU.

2.2.3. Vision Document

The following documents on the development of green hydrogen production in
Ukraine are in line with the IRENA’s concept for the vision document [23], namely answer-
ing the questions “why hydrogen”, “why this jurisdiction”, and “why now”:

Ukraine 2050 Low Emission Development Strategy developed by the Ministry of
Ecology and Natural Resources of Ukraine, supported by the Government of Ukraine in
July 2018 was submitted to the Secretariat of the UN Framework Convention on Climate
Change and published on its website on 30 July 2018 [51]. It provides for the development
of hydrogen generation, namely, incentives for hydrogen production technologies and
technologies for the storage of electricity by means of green hydrogen, industrial production
and use of hydrogen, promotion of hydrogen cars [51].

Green Hydrogen for a European Green Deal [10]: this initiative identifies the key role
of hydrogen in achieving the European Green Deal (EGD) objectives on struggling with the
problem of climate change. Ukraine has been identified as an EU neighbour with a large
potential for renewable sources for green hydrogen production. Implementation of the
EGD goals is limited in time, thus the document analyses the possibility of developing the
hydrogen market until 2030 and reducing the cost of green hydrogen production compared
to fossil-fuel hydrogen. The study establishes the possibility of ammonia production in
Ukraine for the domestic market with electrolyser capacities of 1800 MW and 8000 MW of
electrolyser capacities for the hydrogen plants for export market.

The study on hydrogen technologies in the Energy Community provides an assess-
ment of Ukraine and its potential in the field of hydrogen. It pays special attention to R&D
and pilot projects with their impact on the development of hydrogen technologies, as well
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as the hydrogen legal and regulatory framework. The study concludes that Ukraine has
potential to become a key assistant/partner of the EU Hydrogen Strategy as an exporter of
hydrogen [50].

Ukraine’s 2050 Green Energy Transition Concept was developed and made available
for review in early 2020, after which it was further reviewed, but is still only a draft doc-
ument and has not been adopted by the government as an official document. According
to the final version of the concept posted on the official website of the Ministry of Envi-
ronmental Protection and Natural Resources of Ukraine, increasing industrial production
of hydrogen and its use is a priority in addressing the problem of the high energy con-
sumption of national industry, and in reaching the goals of the “green” energy transition.
The application of power-to-gas technologies and the creation of an industry to produce
hydrogen and other renewable gases for the energy system needs are considered as an op-
portunity to replace the extraction of fossil energy resources and decarbonise the Ukrainian
economy. Hydrogen vehicles and fuel cell vehicles are considered as decarbonising the
transport sector [52].

Ukraine is also developing an Integrated Climate Change and Energy Development
Plan to meet its commitments within the Energy Community. The draft Plan was an-
nounced in July 2020, but its content has not yet been made public. Given that the purpose
of this document is to assess the impact of existing plans and strategies in the areas of
energy security, the domestic energy markets, decarbonisation, research and innovation, it
can be expected that the hydrogen industry should also be reflected in this Plan [53]. The
timeline for introducing the Plan has been postponed. It is now set for 2022 according to
an action plan for implementing the Annual National Program under the auspices of the
NATO-Ukraine Commission for 2021 [54].

The Joint Declaration of Intent on Establishment of Energy Partnership between
Germany and Ukraine is aimed at expanding cooperation between the countries in the
energy sphere. The main goal of the partnership between Germany and Ukraine is to
improve and create a sustainable energy infrastructure through energy efficiency and the
increased application of renewables [55]. Key areas of the partnership are modernisation
and decarbonisation of the electricity sector, development of RES, energy efficiency in
buildings and industry, transformation of Ukrainian coal regions, and development of
“green” hydrogen potential [56,57].

Thus, a clear feature to note is that vision documents on the development of the hy-
drogen industry in Ukraine are actively represented by international initiatives and studies.
However, Ukraine needs to focus on developing internal vision documents taking into
account obligations and directions previously defined in international-level documents.

2.2.4. Roadmap

The Ukrainian Ministry of Energy, in cooperation with the UN Economic Commission
for Europe (“UNECE”), prepared the following highly important documents for hydrogen
technologies development in Ukraine:

- Draft Roadmap for hydrogen production in Ukraine;

- Draft Roadmap for the use of hydrogen in Ukraine road transport;

- Draft large-scale action report in accordance with the Strategic Environmental Assess-
ment of the Roadmap.

These documents shall become the basis for drafting a hydrogen strategy [58].

The draft Roadmap for the hydrogen production in Ukraine establishes the possibility
for Ukraine to participate in German projects to provide the necessary level of hydrogen.
In general, it is expected that Germany will export its technology to countries that are
partners in order to import green hydrogen [59].

It should be taken into account that the draft Roadmap also establishes the potential
for 537-771 GW of RES capacities in Ukraine with an average annual production of 1516~
2273 billion kWh of electricity. This production volume is higher by 10-15 times than the
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Ukrainian annual electricity consumption and can be used to produce 337-505 billion Nm3
of green hydrogen [59].

The draft Roadmap also contains a description of the vision of Ukraine’s hydrogen
strategy and its main content, a budget for the strategy development of EUR 2 million, and
the development duration, which is established as 24 months [59]. However, this does not
comply with the decision of National Security and Defence Council (NSDC) dated 30 July
2021, according to which the Government of Ukraine should approve the relevant strategy
by 31 December 2021 [60].

The draft Roadmap for hydrogen production in Ukraine envisages three phases of
implementation with details on legislative developments and economic measures:

- The first phase from 2021 to 2023 deals with the analysis of the economy of Ukraine
for “green transition” and start of the hydrogen economy;

- The second phase from 2024 to 2026 is dedicated to priorities for policy, hydrogen
market and development of supply chain for hydrogen;

- The third phase from 2027 to 2029 involves development of a Smart Portfolio of
Policies together with strategic hydrogen projects, including regulatory issues and
development of technologies [59].

However, these phases do not reflect estimates for Ukraine under the Green Hydrogen
for a European Green Deal, according to which Ukraine shall have 8000 MW of electrolyser
capacities oriented towards export markets by 2030 [10].

Meanwhile, the draft Roadmap for the use of hydrogen in road transport notes
hydrogen’s ability to decarbonise sectors where carbon reduction would otherwise seem
impossible or very difficult (particularly private and public transport, freight logistics). The
document contains a draft Roadmap for the use of hydrogen in road transport, focusing
on the urban public transport segment. The draft Roadmap provides, among other things,
a detailed list of transport-oriented activities that should be integrated into the overall
Ukrainian Roadmap for the implementation of hydrogen technologies [61].

In addition to the drafted documents, in June 2021, the Ministry of Energy of Ukraine
joined the European Clean Hydrogen Alliance to intensify their work on finding potential
partners to implement projects for the production, transportation, accumulation and con-
sumption of hydrogen [48]. This activity confirms the interests of Ukraine’s state authorities
in the development of hydrogen technologies.

2.2.5. Strategy

Ukraine’s current strategy documents do not contain conditions relating to hydrogen
development.

In the Energy Security Strategy of Ukraine that was approved by the Resolution No.
907-r of the Cabinet of Ministers of Ukraine dated 4 August 2021, hydrogen energy is
mentioned only in the context of achieving the strategic goal on “development of scientific,
technical, innovative, and educational potential of Ukraine for the needs of the energy
sector” [62].

The current 2035 Energy Strategy of Ukraine “Security, Energy Efficiency, Compet-
itiveness”, approved by a resolution of the Government of Ukraine, does not include
the hydrogen industry [63]. This strategy is expected to be updated in Phase 1 of the
Roadmap for hydrogen production in order to reflect the latest developments on the road
to a hydrogen economy [59].

The Ministry of Energy is also working to fulfil the instructions of the Cabinet of
Ministers of Ukraine to develop an Energy Strategy for Ukraine until 2050 [64]. The
Ministry notes that this strategy should reflect the development of a hydrogen power
industry in accordance with Ukraine’s status as a key partner in Europe’s hydrogen
economy [65].

Currently, Ukraine has no hydrogen strategy, but on 30 July 2021, the NSDC adopted
a decision, enacted by the Presidential Decree of 28 August 2021 [60], pursuant to which
the Government of Ukraine should approve Ukraine’s hydrogen strategy by 31 December
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2021 and approve an action plan for its implementation, which should include relevant
amendments to legislation.

It should be taken into account that work under this strategy has already started in
Ukraine. In 2021, the Ministry of Energy with USAID assistance and the support of the
World Bank commenced preparation of a Hydrogen Strategy [66]. On 11 August 2021, the
first meeting of the interdepartmental working group took place. The Ministry of Energy
of Ukraine noted that the strategy should be a dynamic document, taking into account the
industry’s novelty [67].

The main advantage of hydrogen is that it can integrate all sectors, including balancing
power system modes and use in the metallurgical, chemical industries, transport, and
heating. Therefore, it is important to determine the most effective methods for production
of hydrogen for Ukraine, the use of resources required for its production, in particular water,
during electrolysis, the possibility of scaling small projects into industrial volumes [67].

In addition to the hydrogen strategy, according to the decision of the NSDC, the
Cabinet of Ministers of Ukraine should also study the issue of creating a new hydrogen
product line between Ukraine and the EU and attracting investment to implement the
project [60]. Despite the unrealistic timeline for the issue of a hydrogen product line, in
general, the NSDC-level decision sends a signal that hydrogen issues are a national security
priority for Ukraine. Therefore, Ukraine has determined terms for approval of the hydrogen
strategy and work on a hydrogen strategy has begun.

2.2.6. National Standards for Hydrogen

Despite the absence of a hydrogen strategy and any laws regarding green hydrogen,
Ukraine has made certain progress in developing the standards for hydrogen.

In order to improve the national standardisation system for devices and systems
for production, storage, transportation, measurement, and use of hydrogen for power
generation, the Technical Committee for Standardisation “Hydrogen Technologies” (TC 197)
was established in Ukraine in June 2020 [68].

The following national standards harmonised with international standards were
adopted for the first time in Ukraine [69]:

- DSTUISO 14687:2021 (ISO 14687:2019, IDT) Hydrogen fuel quality. Product specification,

- DSTU ISO/TR 15916:2021 (ISO/TR 15916:2015, IDT) Basic considerations for the
safety of hydrogen systems,

- DSTUISO 22734:2021 (ISO 22734:2019, IDT) Hydrogen generators using water elec-
trolysis. Industrial, commercial, and residential applications.

These standards entered into force from 1 May 2021.

However, this is a small part of the required standards. According to the estimates of
the Institute of Renewable Energy, it will be necessary to adapt 67 European standards to
the legislation of Ukraine [70].

2.2.7. Pilot Projects

Notwithstanding the absence of a hydrogen strategy and any regulation, Ukraine has
a pipeline of pilot projects for hydrogen production. The following projects for hydrogen
production are at the development stage:

- Danube hydrogen valley project is a pilot project to create an energy cluster in the south of
Ukraine (Odesa region). According to the released information, the project envisages
five stages of development. Documentation required to commence construction of
the first stage (50 MW PV and 50 MW electrolysers) has already been developed.
Permits for the construction of 43 MW PV have been obtained. The project’s total
capacity is expected to be 5 GW of renewable energy sources (WP and PV) and 3 GW
of electrolysers. The project’s total cost is EUR 14 billion, of which EUR 100 million
are required to implement the first stage. The project is expected to be implemented
by 2025 [71].
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- Transcarpathian green H2 project involves construction of a “green” hydrogen produc-
tion plant based on renewable electricity (100 MW PV, 30-35 MW electrolysers, 30
MW electricity storages). The total investment required for the project implementa-
tion is EUR 130 million. The project is promising also because of the infrastructure
opportunities—pipeline, road, and rail transport are available for the project [71].

- Green Hydrogen Industrial Cluster is a project of DTEK LLC, involving a public-private
partnership with German and Ukrainian industrial stakeholders. The project location
is in the Nikopolskiy basin in south-eastern Ukraine. The expected pilot project
capacity of electrolyser is 8.5 MW with potential of 200 MW. Local consumption and
export of the produced hydrogen are seen as possible demand components of the
project [71].

- A project in the Rivne region is being developed by the MCL group of companies.
It is planned to produce electricity with 72 MW wind power plants. The generated
hydrogen will be used for ammonia production. The project is at the feasibility study
stage, and a financial partner is being sought [72].

- A project by the Eco-Optima group of companies focuses on construction of a plant to
produce green hydrogen with a capacity of 100 MW. It is estimated that the project will
cost EUR 300 million, and it has been submitted for a tender, which was announced
in July 2021 by the H2 Global fund [73].

The main peculiarity of the pilot hydrogen projects in Ukraine is that most of projects
are developing together with renewable generation capacities. One of the possible reasons
for this approach is a lack of the guarantee of origin scheme in Ukraine, while the other
is the dependence of the support system for green hydrogen production on the source of
electricity generation, since new RES capacities will be used for hydrogen production with
the support system, contributing more to the decarbonisation goal. At the same time, such
projects are more complicated and additional investments for renewable capacities are
required due to construction of wind or solar plants together with electrolysers.

Alongside pilot projects for hydrogen production, Ukrainian companies are also
developing cooperation with EU companies. For instance, a joint project of cooperation
between the gas companies of Ukraine and Germany was established on 22 August 2021 by
signing a Memorandum of Understanding between Ukraine’s largest gas company PJSC
“Naftogaz of Ukraine” and the German gas trader RWE Supply & Trading. According
to the Memorandum, the companies agreed to analyse the possibilities of cooperation to
create a complete value chain for green hydrogen produced in Ukraine. The priority of
companies is the development of projects for hydrogen production and storage in Ukraine
and its export to Germany [74].

According to the Hydrogen Project Visualisation Platform developed by the ENTSO-G,
four infrastructure projects are indicated on the territory of Ukraine. The projects in Kyiv
region (TSO UA) and in Lutsk (RGC) are dedicated to the study of the adaptability of
existing gas networks to transport hydrogen and the re-purposing of existing infrastructure,
the main topic of the project in Kyiv (TSO UA) is an examination of adaptability of gas
storage infrastructure for hydrogen storage. The project is located in the south of Ukraine,
around the Kakhovka reservoir. It is dedicated to the development of a hybrid park of
wind and solar generation with subsequent conversion of energy into “green” hydrogen
(“green” ammonia) [49].

For the implementation of the current pilot projects, the current regulatory framework
and necessary approvals/permits for hydrogen production shall be taken into account.
Production of 1 kg of hydrogen via electrolysis requires 8.92 L of water [75]. However,
according to Article 48 of the Water Code of Ukraine, the use of water more than 5 cubic
metres per day qualifies as special water use, i.e., is subject to a fee and a permit. Thus, it is
likely that the realisation of hydrogen projects producing green hydrogen will also require
a special water use permit.

Hydrogen belongs to the list of individual hazardous substances according to the
Government resolution No. 956 “On Identification and Declaration of Safety of Objects
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of the Increased Danger” dated 11 July 2002, thus procedures for identifying high-risk
objects under the Law “On Extremely Dangerous Objects” should be considered. At the
same time, production of hazardous substances is high-risk work that can be performed
only based on a permit under the Government resolution No. 1107 dated 26 October 2011
“On Approval of Procedure for Issuing Permits for Performance of Work of Increased
Risk and for Operating (Using) Machines, Mechanisms and Equipment of Increased Risk”.
Considering the physical features of hydrogen as an explosive material, a permit for high-
risk work will probably also be required. However, these permits apply for all projects in
the energy sector and do not include rules for the green hydrogen production.

Moreover, taking into account the specifics of the pilot projects, developers should
consider the list of objects and activities, for which the environmental impact assessment
procedure under the Law “On Environmental Impact Assessment” (the list includes chemi-
cal production; pipelines for gas, chemicals; chemical storage facilities, etc.) is required.

Alongside permits, the implementation of pilot hydrogen projects in Ukraine is not
possible without financing. Taking into account the high cost of green hydrogen and a
lack of consumers, the realisation of projects at the current stage is possible only with
funding. It should be noted that in October 2021, Germany announced a funding guideline
for providing financial support to international hydrogen projects to boost the international
hydrogen market in compliance with the National Hydrogen Strategy. This funding can
cover 25-45% of eligible costs for each project with a maximum amount of EUR 15 million
per project and per applicant. However, the applicant for this funding should have a
headquarters in the EU or a permanent establishment in Germany [76], which can serve as
an obstacle for Ukrainian projects.

2.2.8. Guarantee of Origin Schemes

In the development of the entire green hydrogen industry, special attention is paid to
certification issues. It is important that the consumer, regardless of residence, can confirm
that the purchased green hydrogen meets the needs and goals requiring the investment of
additional funds. Since market development in Ukraine is focused on European partners
and it is European countries (namely Germany) that are potentially considered as the main
sales market for “green” hydrogen produced in Ukraine. It is logical that the system for
confirming the origin of such hydrogen should correspond to the European model. This
approach can have an additional positive contribution to the development of the hydrogen
sphere, since it will be understandable and cost-effective for European market participants.

It should be noted that the initiative on the establishment of a regional certification
system, allowing for trade among Contracting Parties of the Energy Community, has been
also announced earlier [77].

Regarding the current regulation in Ukraine, there is a Resolution of the Government
of Ukraine “On Approval of the Procedure for Issuance, Use and Termination of the
Guarantee Origin of Electricity for Business Entities Producing Electricity from Alternative
Energy Sources” No. 771 dated 24 July 2013 [78], which is valid, but which has never
been applied.

The mechanisms to introduce a guarantee of the origin of energy in Ukraine in accor-
dance with the EU standards were discussed by the State Agency on Energy Efficiency
of Ukraine with the Association of Issuing Bodies. To increase transparency, security of
data storage and the reliability of relevant systems, and to prevent double issuance of
guarantees of origin, the possibility of developing such a system on blockchain technology
and/or using the software of the Energy Community is being considered [79].

Therefore, Ukraine has only commenced work under the hydrogen strategy but has
no regulation for green hydrogen production and infrastructure as Germany. At the same
time, in addition to regulatory issues, Ukraine has technical barriers for production of
green hydrogen connected with the lack of flexibility of the existing energy system.
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2.3. Improving the Flexibility of the Ukrainian Power System

The main resource for green hydrogen production is electricity from renewables.
According to disclosed information about preferable renewable resources for over 54%
of hydrogen projects announced in the EU, the main renewable sources for most of these
projects are the following:

- 39% of hydrogen projects with capacity 77% prefer wind energy;
- 18% of hydrogen projects with capacity 14% prefer solar energy;
- 22% of hydrogen projects with capacity 7% prefer solar and wind [29].

Ukraine has very good natural conditions for increasing renewable electricity produc-
tion. Pursuant to the atlas of energy potential of RES, Ukraine has the following potential
of renewables for hydrogen production [5] as determined in Table 2:

Table 2. Energy potential of RES in Ukraine [5].

Scenario Technology Capacity, GW

Basic 537
Onshore Wind 320

Offshore Wind 146

Solar 71

Optimistic 771
Onshore Wind 438

Offshore Wind 250

Solar 83

Taking into account the potential of renewable energy resources, Ukraine’s general
potential for hydrogen production is estimated at an amount of 505,133 million cubic
meters [5].

The significant potential of offshore wind in Ukraine is also confirmed by the World
Bank’s analysis of the Black Sea potential. According to this research, Ukraine has 251 GW
total capacity of offshore wind that is more than the average capacity of Bulgaria, Romania
and Turkey under Table 3 [80].

Table 3. Offshore wind potential in the Black Sea [80].

Countries Tzi)l()?ie‘:flg%\l illfr?iiﬁfs?\gw Total Capacity, GW
Ukraine 183 68 251
Bulgaria 2 24 26
Romania 22 54 76
Turkey 12 63 75

Total 269 166 435

Due to high feed-in tariffs, Ukraine experienced significant growth in renewable
energy capacities during the last several years. In October 2021, the installed capacity
of renewables in Ukraine was 7954.60 MW, which consists of 6194 MW of solar power
plants, 1529 MW of wind power plants, and 232 MW of biofuel plants, according to
information from the TSO [4]. However, the solar power plant share is four times greater
than wind power plants, leading to an unbalancing of the energy system. The share of
renewables is 14.18 percent in the energy system of Ukraine with an installed capacity
56,067.40 MW, where above 50 percent electricity is generated by nuclear power plants,
and above 25 percent by coal power plants.
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Considering the prevailing capacities of the nuclear and coal generation and rapid
growth of renewables, Ukraine’s energy system lacks balancing capacities. For this reason,
the future growth of renewables in Ukraine is not possible without improvement of energy
system flexibility. However, with the development of green hydrogen projects in Ukraine,
it is possible to improve the energy system’s flexibility through potential advantages of
green hydrogen production [23].

The production of green hydrogen can be useful for the integration of an increased
share of renewables in the Ukrainian energy system and improving the flexibility of it in
the following ways:

- Participating in the electricity market for the balancing of renewables;
- Reducing renewables curtailments.

2.3.1. Balancing of Renewables on the Electricity Market

According to a report on compliance assessment (sufficiency) of generating facilities
prepared by NPC Ukrenergo (TSO) for 2020, to ensure the integration of renewables in
the forecast volumes, it is important to construct at least 1 GW of highly maneuverable
capacities in the shortest possible time that will be able to start and stop power and time of
commissioning (full activation) at least four times per day from the resting state not more
than 15 min from the moment of receipt of the corresponding command from the TSO [81].

A study of electrolyser flexibility confirms that electrolysers for green hydrogen pro-
duction can be electricity market participants and provide some services in the market. For
instance, if the electrolyser works at 80% of its capacity for green hydrogen production, 20%
of its capacity can be used for regulation and load shedding on the electricity market [82].

The participation of electrolysers in different electricity market segments depends
on the speed of their response to certain bids, but the study confirms that the quickest
response of the electrolyser can be within 1 min [82]. Moreover, testing of electrolysers by
the Hydrogenics Corporation confirmed the possibility of their use for frequency regulation,
balancing of supply and stabilisation of the distribution grid [83].

Thus, the electrolysers can be used not only to produce green hydrogen but also to
balance the Ukrainian energy system and frequency regulation.

2.3.2. Reduction of Renewables Curtailments

The main problems of solar and wind generation are over-generation in some periods
and intermittency in generation depending on weather conditions. Due to the rapid
growth of renewables in Ukraine, the curtailment of renewables became a solution for over-
generation. In particular, after use of all balancing possibilities in Ukraine, the dispatcher
of NPC Ukrenergo (TSO) has made the following commands for renewables curtailments:

- 20 times in 2020 for RES capacities from 212 to 1656 MW;
- 2times in 2019 for RES capacities 250-300 MW [81].

Curtailments for renewables producers under the feed-in tariff are subject to compen-
sation under the feed-in tariff. However, this approach is very expensive for the state and
not effective, taking into account the possibility of using the curtailed renewable electricity
for production of green hydrogen.

To reduce the curtailments of renewables in Ukraine, it is required to have at least
2 GW of highly maneuverable capacities in line with the report on compliance assessment
(sufficiency) of the generating facilities of NPC Ukrenergo (TSO) [81]. High maneuverable
capacities can be constructed in Ukraine based on a special government procedure. The
perspectives for their construction in Ukraine are not clear yet.

However, it is possible to decrease the curtailments of renewables with the use of
electrolysers for green hydrogen production. According to the results of the “Wind-to-
Hydrogen Energy Pilot Project,” the possibility was confirmed of mitigating wind intermit-
tency by electrolyser. It was found that the electrolyser can provide a rapid response in the
system to mitigate variability and intermittency of wind [84].
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For instance, the island of Orkney in the UK produces green hydrogen by means of the
use of the surplus renewable energy instead of curtailment. This approach was introduced
in the Orkney Hydrogen Strategy [85] and implemented in the BIG HIT project that shall
absorb curtailed renewable energy [86].

The possibility of using power-to-gas installations for hydrogen production is con-
sidered as a solution for use of the surplus renewable electricity due to low demand and
network restrictions. For instance, in such countries as Denmark, Portugal, the Netherlands
and Spain, the renewables installed capacities by 2030 will require additional flexibility
that is possible to reach through hydrogen installations [87].

Therefore, surplus renewable electricity can be used for hydrogen production instead
of its curtailment, and the hydrogen installation can improve the flexibility of the energy
system with large installed capacities of renewables. However, all these options are rather
technical and current regulation of the electricity market of Ukraine does not allow for the
use of electrolysers for the flexibility improvement of the energy system.

Alongside a solution to the problems connected with the flexibility of the Ukrainian
energy system, the production of green hydrogen in Ukraine could significantly impact
German plans with regard to energy transition.

2.4. Possibility of Energy Transition for GERMANY with the Use of Green Hydrogen

Germany plans to achieve climate-neutrality by 2045 and green hydrogen plays a key
role in achieving this goal.

It also shall be noted that initially Germany planned the achievement of climate
neutrality by 2050. However, following a 2021 ruling by Germany’s highest court, Ger-
many decided to shift to a climate-neutral scenario by 2045 [88]. This decision led to an
acceleration of all processes and the hydrogen plays important role in this activity.

In the German energy sector, it is expected that by the end of the 2020s, heat and /or
power plants will use hydrogen. Moreover, after 2040, hydrogen shall be used instead of
natural gas. In the industry sector, the German steel industry will also work primarily with
hydrogen [89].

To reach climate-neutrality, there are three levels for the acceleration of this result
in Germany. On the first level, Germany plans to improve energy efficiency and reduce
energy demand. The second level of acceleration is based on renewable power generation
and electrification. It is expected that by 2045, the share of RES in the energy system of
Germany will reach 100% and electricity demands will be covered in the following way:

- 89% from renewable energy, including hydropower and biomass;
- 6% from power plants with the use of green hydrogen;
- 5% from storage or import [89].

It shall be noted that, in addition to the use of green hydrogen instead of natural gas,
Germany also considers the possibility of making the power system more flexible with the
help of energy consumption, including electrolysers [89].

On the third level, Germany considers hydrogen as both fuel and feedstock to accel-
erate the energy transition. It is expected that in 2045, Germany will need 265 TWh of
hydrogen, only 36% of which will be produced in Germany. This means that Germany
needs to import most of the required volume of green hydrogen from other countries [89].

Taking into account that by 2045 Germany will be able to produce only 36% of green
hydrogen from domestic demand, an energy partnership with Ukraine can be a solution
for the import of green hydrogen. At the same time, to realise the ambitions of the Energy
Partnership between Germany and Ukraine, it is important to remove all obstacles to the
realisation of hydrogen projects in Ukraine.

3. Discussion

As the hydrogen industry is in its infancy, there are a number of challenges and issues
for discussion that are common to the global market, including the further development of
the German-Ukrainian energy partnership.
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In order to understand the perspectives for the realisation of hydrogen projects in
Ukraine and identify key barriers, the Ukrainian Wind Energy Association (UWEA) con-
ducted a survey in September 2021 addressing green hydrogen production. This survey
was performed to assess the opinions of main market participants for the purposes of
this article.

The survey was performed in the form of an online questionnaire that was sent to
all members of the UWEA. The questions to the respondents concerned the following
main issues:

- The impact of green hydrogen development on increasing of renewable capacities;

- Perspectives of green hydrogen projects performance by the respondents;

- Potential of green hydrogen projects to become rationale for the implementation of
RES projects under market conditions;

- Development of regulation for implementation of hydrogen project in Ukraine.

In order to clarify the participants’ view of the German-Ukrainian Energy Partnership,
the questionnaire included a question on the possible consequences of cooperation with
Germany for Ukrainian business entities in the framework of the energy partnership.
The survey featured nine companies, including the main wind energy producers, a wind
turbine producer, and consulting companies.

Almost all participants agree that green hydrogen development is a prospective busi-
ness that can increase renewable capacities in Ukraine. The reasons for production of green
hydrogen by the opinion of each company are different. Some companies consider green
hydrogen as a priority area for innovation, others believe that this direction significantly
increases the demand for “green” energy in Ukraine in relation to the “green transition”
and increases the need for wind energy to produce hydrogen for consumption in Ukraine
and abroad.

It should be taken into account that more than half of the companies participating in
the survey plan to implement green hydrogen projects. At the same time, members of the
UWEA mentioned obstacles to increasing renewables for the Ukrainian hydrogen projects.
Among the main barriers to the increase in renewable capacities for hydrogen production,
the participants of the survey mentioned the following:

- Legal and political framework;

- Lack of corporate renewables power purchase agreements (PPAs) and auctions
for renewables;

- Lack of technical regulations for hydrogen, transmission fees and regulation for
customs regulations;

- Lack of proper planning of green hydrogen development by the state;

- Uncertainty regarding consumer and prices;

- Lack of guarantees of origin system;

- Lack of strategy and infrastructure.

At the same time, not all companies consider hydrogen projects a rationale for imple-
mentation of renewable projects under market conditions. Only three companies from nine
confirmed this possibility. The main reasons for their opinion include high prices for green
hydrogen and concerns regarding the sufficiency of a market-based approach. For this
reason, most of the participants in the survey mentioned the importance of a supportive
scheme for green hydrogen production.

According to the opinion of most participants of the survey, the following key amend-
ments to the laws of Ukraine are required: corporate PPAs, implementation of a guarantee
of origin system, main rules for the production and transportation of hydrogen, stimulation
schemes for green hydrogen and hydrogen strategy.

As to the consequences of cooperation with Germany within the framework of the
energy partnership in the field of “green” hydrogen, five Ukrainian companies believe in
positive consequences of this energy partnership. At the same time, some companies have
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concerns due to uncertainty about this cooperation connected with the unclear conditions
for Ukrainian companies.

Among the answers in the UWEA'’s survey, one participant raised the hydrogen
“chicken and egg” problem in terms of the high cost of “green” hydrogen, which holds
back demand for the product. At the same time, low demand is a disincentive to invest
in the industry. According to a study, the cost of “green” hydrogen is USD 46 per kg
compared to the USD 1-2 per kg for fossil fuels-based hydrogen. The chicken and egg
problem could be solved when cost parity of “green” and fuels-based hydrogen is achieved,
and a competitive market could be established [90].

In addition to the cost of “green” hydrogen itself, the problem is aggravated by a lack
of regulation, data on the technologies and “green” hydrogen transactions, as well as on
the assessment of the benefits that can be acquired by switching to “green” hydrogen.

Experts suggest the following tools to address this problem:

- Regulatory policy should involve the hydrogen sector while developing documents
on the regulation of broad energy issues: energy and sustainability policies as well as
policies on social and economic development, etc. [23];

- Supportive policies for the hydrogen industry, which should initially help to overcome
the problem of increased investment risk and ensure market launch, but which should
change as technology develops, their costs decrease, and the hydrogen market evolves,
right up to the transition of the hydrogen sector to full market relations without
government support. The following schemes are currently considered: (i) auctions for
carbon contracts for differences (CCfDs), which are subject to an emissions trading
system (ETS) and provide for selected industries, provided they use “green” hydrogen,
an opportunity to receive a stable income granted by the state of the difference between
the strike price offered by the bidder at the auction (in case of victory) and the market
price of emission allowances; (ii) auction without the need for physical exchange of
“green hydrogen”, where an auction involving a specially established intermediary,
on the one hand, concludes a purchase agreement with “green” hydrogen producers
under the lowest auction price, and on the other hand, concludes an agreement with
“green” hydrogen consumers at the highest auction price. The difference in contract
prices imposed on the intermediary can be compensated by a carbon tax and/or ETS
revenues [90].

Alongside regulatory issues and the high price of green hydrogen, one of the most
important issues for German and Ukrainian energy partnership in green hydrogen produc-
tion is the infrastructure for transportation of green hydrogen from Ukraine to Germany. At
the current stage, Ukrainian gas infrastructure can only transport green hydrogen blended
with natural gas. However, in order to achieve climate neutrality, Germany needs to have
pure green hydrogen.

Taking into account technical restrictions for the supply of green hydrogen through
existing infrastructure, in September 2021, four leading gas infrastructure companies
announced plans to join forces to build a hydrogen backbone through Central Europe—
from Ukraine to Germany through several countries (Slovakia, the Czech Republic)—the
Central European Hydrogen Corridor [91]. The participating companies of the Central
European Hydrogen Corridor are EUSTREAM (Slovakia’s GTS operator), Gas Transmission
System Operator of Ukraine, NET4GAS (Czech GTS operator) and OGE (Germany’s leading
GTS operator).

Notwithstanding the existing uncertainty regarding green hydrogen transportation,
the supply of renewable electricity from Ukraine to Germany was not subject to discussion.
On the current stage of development of Ukrainian and German energy sectors the following
barriers for such option exist:

- Ukraine cannot supply electricity to the EU (except Burshtyn Island) before integration
with ENTSO-E that is expected in 2023;
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- Ukraine does not have a guarantee of origin scheme for renewable electricity and
without this scheme the supply of electricity in Germany for the purpose of green
hydrogen production will not be possible;

- Germany provides the supportive scheme for hydrogen production with the use of
at least 85 percent of electricity produced in Germany. For this reason, the use of the
Ukrainian renewable electricity would be possible only without a supportive scheme;

- All renewable projects in Ukraine are realised under the feed-in tariff that can be
higher than the wholesale market prices in certain periods. For this reason, it is
important also to ensure the realisation of renewable projects in Ukraine under the
market-based approach.

Therefore, the realisation of green hydrogen projects in Ukraine depends on the
removal of key obstacles such as the lack of legal regulation, and infrastructure issues for
the transportation of hydrogen. At the same time, developers and investors would also
like to have clarity with regard to consumers of green hydrogen, which is also unclear at
the current stage of technology development.

4. Conclusions

Ukraine and Germany have a lot of preconditions for the development of an energy
partnership and energy transition. Ukraine has high potential for renewables that could be
a precondition for green hydrogen production not only for its own needs, but also to supply
to Germany. In this way, Germany can cover its internal demand for green hydrogen and
reach its goals regarding climate neutrality. At the same time, to realise these possibilities,
it is important to remove the following barriers:

Significant difference in the level of regulatory development. The development and
adoption of a regulatory base for hydrogen in Ukraine is much slower than in Germany.
Ukraine has just started work on a Hydrogen Strategy, while Germany has already adopted
not only a strategy but also the regulations for hydrogen production with incentives and
hydrogen grids. At the same time, due to a lack of regulation for hydrogen projects in
Ukraine, investors cannot assess perspectives for realization of such projects at the current
stage. The announced pilot projects in Ukraine could be realised in case of support from
the state or via special funding for such projects. However, on market-based conditions,
the realization of hydrogen projects in Ukraine is not possible.

Further recommendations to remove the barrier: accelerating development of the
regulatory framework in Ukraine and its harmonisation with Germany while considering
the already existing norms and obligations of Ukraine in the field. Among which, the
priority areas are (i) safety standards for the use of hydrogen in various technical processes,
(ii) regulation of the permissive framework for the use of hydrogen in business activities,
(iii) laying the foundations for the green hydrogen market (guarantees of the origin of
electricity and hydrogen, supportive system for the implementation of green hydrogen
projects). Availability of joint German-Ukrainian green hydrogen projects at the local level
can also contribute to the elimination of this barrier.

Uncertainty regarding possible technical restrictions. Logistic issues for the transporta-
tion of green hydrogen from Ukraine to Germany are still subject to discussion. The Gas
TSO and other market participants consider different approaches to these issues. Taking
into account that the gas pipeline requires modernisation for the transportation of green
hydrogen, the construction of a separate hydrogen pipeline is under consideration as a
possible solution. Alongside transportation issues, the production of hydrogen requires the
use of water resources and special permits for this activity, but these issues are not analysed
enough yet.

Further recommendations to remove the barrier: launch and intensify scientific and
technical studies on the impact of hydrogen on the potential existing logistical infrastructure
(gas pipeline), both in Germany and Ukraine, the sufficiency of other natural resources
(water) for production purposes, and feasibility studies for the construction of a separate
pipeline between Ukraine and Germany.
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Lack of flexibility of the Ukrainian energy system for RES deployment. To produce
green hydrogen, Ukraine needs to increase installed capacities of renewables. However, the
realisation of renewable projects can be restricted due to a lack of balancing capacities in
Ukraine. Electrolyser capacities can be considered as an option for improvement of energy
system flexibility, but this approach is not yet considered.

Further recommendations to remove the barrier: consider and analyse possible solu-
tions to improve the flexibility of the Ukrainian energy system by means of the electrolysers
for hydrogen production.

Uncertainty about availability of consumers of the green hydrogen. The cost of green
hydrogen is higher than for fossil fuels and, currently, the demand for green hydrogen is
not as high as expected to be in 2030. For this reason, one of the main concerns of investors
in hydrogen projects is the possibility of finding a consumer for green hydrogen. Although,
market trends in fossil fuels costs need to be taken into account.

Further recommendations to remove the barrier: Analysis of the production structure
in Ukraine and Germany, development of clear scenarios for green hydrogen use, a clear
justification of the benefits of its use, and based on the above, data identification of the list
of potential green hydrogen consumers (groups).
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