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Abstract:

Purpose: The aim of the research undertaken in the article is to present the concept of the
functioning of the system of stabilization of the operation of power grids in terms of supply
chain phases into activities based on the hydrogen energy buffer from the use of hydrogen.
Design/Methodology/Approach: There is a research gap in the world literature related to
the project of the concept of stabilizing the operation of power grids. This article assumes
that the main factor destabilizing the operation of power grids in the long term is the surplus
of energy from RES (supply phase). There is no interdisciplinary approach to the presented
issues, therefore the common area discussed in the article is of great scientific and
application significance.

Findings: The current work on hydrogen technologies shows that the use of hydrogen in the
economy adjusts the systems to its extraction, production and distribution. In this scope,
there must be comprehensive design and management of processes in the phase of supply,
production, storage and distribution of hydrogen, in terms of efficiency and maximum
support for the achievement of socio-economic goals.

Practical Implications: Solving the problem related to the instability of renewable energy
sources due to the dependence of the volume of energy produced on uncontrolled factors. In
the near future, this problem will only increase due to the increase in the number of
producers of electricity from RES and the instability of the operation of power grids.
Therefore, it is important to prepare a concept for the operation of the power grid
stabilization system in terms of the supply chain phases.

Originality/Value: The priority direction of political actions in the field of sustainable
development of the energy sector is the course of the energy transformation
(decarbonisation) and the flourishing share of renewable energy sources (RES) in the
primary energy supply. It is an innovative research area, integrating both theoretical
achievements in the field of hydrogen supply chains and the operation and development of
power grids.

Keywords: Hydrogen, hydrogen energy buffer, renewable energy.

JEL codes: Q4, Q2, L7, O13.
Paper Type: Research article.

tUniversity of Szczecin, Institut of Management, ORCID I1D: 0000-0002-4817-1971,
e-mail: marcin.rabe@usz.edu.pl;

2University of Szczecin, Institut of Management, ORCID ID: 0000-0003-3068-6085,
e-mail: barbara.czerniachowicz@usz.edu.pl;



mailto:marcin.rabe@usz.edu.pl
mailto:barbara.czerniachowicz@usz.edu.pl

Marcin Rabe, Barbara Czerniachowicz

299

Funding: This research was partially funded by the National Center for Research and
Development (Poland) in the framework of the H2eBuffer project. Grant Nr POIR.04.01.04-
00-0040/20 (2021-2023).

1. Introduction

The contentment of the increasing demand for energy and the reduction of the
importance of the energy sector for the environment and society are two interrelated
embarrassments of the modern world (Lu et al., 2020; Costantin and Crespi, 2013;
Hnatyshyn, 2018). The pejorative effects of climate change are a significant
challenge for the energy sector, which is vulnerable to political pressure to reduce
greenhouse gas emissions, mainly carbon dioxide (Papadis and Tsatsaronis, 2020;
Shindina et al., 2018).

The priority focus of policy moves in the field of sustainable development of the
energy sector is the course of the energy transition (decarbonisation) and the
flourishing share of renewable energy sources (RES) in primary energy supply
(Streimikiene, 2020; Stavytskyy et al., 2018; European Commission The European
Green Deal). RES technologies create an excellent opportunity to reduce greenhouse
gas emissions (Streimikiené, 2021; Tvaronavi¢ien¢ et al., 2018; Wach et al., 2021;
Pach-Gurgul and Ulbrych, 2019).

However, renewables are defined as unstable energy sources, from the aspect to the
relationship with uncontrolled factors such as weather, affecting the amount of
energy produced. The increasing participation of unstable RES in the energy mix has
many consequences for the operation of power grids (Mankowska et al., 2021;
Panwar et al., 2011).

Stabilization system is understood in this context as balancing the supply and
demand for electricity, taking into account the resulting transmission losses
(Mariyakhan et al., 2020; Wach et al., 2021). The development of a system solution
stabilizing the operation of distribution networks will enable effective management
of electricity, increase the flexibility of the grid in terms of the possibility of
connecting new producers of energy from renewable sources (RES), increase the
safety and reliability of the network, as well as improve the quality parameters of the
supplied electricity (Pach-Gurgul and Ulbrych, 2019; Tvaronaviéiené et al., 2018).

With the flourishing of groups of electricity generators conditioned on RES, the
issue of unstable operation of power grids will increase, primarily in the area of
distribution networks. As a consequence, more attention is paid to the issue of
energy storage arranged with RES related to the stabilization of the electricity
distribution network, although one of the methods is the flowering of hydrogen
technologies based on pure hydrogen (the so-called green hydrogen) (Frankowska et
al., 2022). Green hydrogen can be valued in the process of decarbonisation of the
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energy sector and over time become one of the priority energy carriers used in the
European Union (Shindina et al., 2018; Hnatyshyn, 2018).

The exploitation of hydrogen technologies in the stabilization of RES related to the
operational safety of the electricity distribution network obliges a holistic approach
as well as critical planning not contrary to the concept of the outlined hydrogen
supply chain, which characterizes the phases of supply, production, storage and
distribution of electricity (Streimikiene, 2020; Stavytskyy et al., 2018).

Research work on hydrogen supply chains is still at an early stage of development.
The aim of the research undertaken in the article is to present the concept of the
functioning of the system of stabilization of the operation of power grids in terms of
supply chain phases into activities based on the hydrogen energy buffer from the use
of hydrogen.

The article is divided into three parts. The first part presents hydrogen as a
prospective form of stabilization of the operation of power grids. The second part
presents the Concepts of the functioning of the system of stabilization of the
operation of power grids in terms of the phases of the supply chain in operations.
The third part of the article presents conclusions related to the concept of a system
stabilizing the operation of the electricity distribution network based on a hydrogen
energy buffer.

2. Hydrogen as a Prospective Form of the System of Stabilization of the
Operation of Power Grids

Increasing the use of renewable energy sources (RES) in the system of stabilization
of the operation of power grids has become a challenge for power engineers and
scientists around the world. Even if hybrid renewable power systems have attracted
the attention of the sustainable energy market, optimal use of solar photovoltaic or
wind power is difficult, especially in local power grids. This is due to their variable
and discontinuous nature, resulting from dependence on meteorological conditions.

Therefore, stand-alone renewable energy sources cannot guarantee reliable power
supply. A typical solution to this problem is the use of hydrogen as an energy
storage. Hydrogen is considered the energy vector of the future, especially if it is
produced from renewables (Frankowska and Rzeczycki, 2021; Hensel, 2020;
Oyekale et al., 2020).

Hydrogen is one of the most promising alternative energy carriers, which in nature
does not occur freely. Like electricity, it is not a source of energy and is taken as a
secondary form of energy that is produced from natural and biological resources. It
was predicted that hydrogen would play a major role in the future scenario of energy
sectors. Hydrogen, as the lightest element with a density of 0.0695 relative to air, is
an odorless, tasteless and colorless gas (Ogumerem, 2018).
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Hydrogen is a clean fuel with no toxic emissions and can be easily applied. Indeed,
the energy efficiency of hydrogen is about 122 kJ/g, which is 2.75 times more than
hydrocarbon fuels. Hydrogen utilization does not produce toxic gases or CO2
emissions, and the only product is water vapor (Won et al., 2017; Dominkovi¢ et al.,
2018).

Table 1. Characteristics of hydrogen combustion and detonation.

Density at STP (Kg/m 3) 0,084
Heat of evaporation (J/g) 4456
Lower calorific value (KJ/g) 119,93
High calorific value (KJ/g) 141,8
Thermal conductivity at std. condition (mW/cm/K) 1,897

Diffusion coefficient in air at std. condition (cm 2 s) 0.61
Limitations on the ability to smoke in the air (vol %) | 4,0-75

Explosion limits in air (vol %) 18,3-59
Oxygen index limitation (vol %) 5.0
Stoichiometric composition in air (vol.) 29,53
Minimum ignition energy in air (Mj) 0,02
Auto-ignition temperature (K) 858
Flame temperature in air (K) 2318
Maximum speed of combustion in the air at std. state

3.46
(m/s)
The speed of detonation in the air at std. condition 148215
(km/s)
Explosion mass energy in relation to g TNT () 24,0

TNT-related explosion volume energy (m3) (STP)
Source: Balat and Kirtay, 2010, 7416-7426.

The use of hydrogen in the energy system will meet with great interest as an energy
policy issue (Acar and Dincer, 2019).

Assuming that the dominance of renewable and sustainable energy from renewable
energy sources in the world's energy mix in the near future is inevitable, the
development of hydrogen production from rich resources of renewable sources may
be the best policy to achieve a clean environment. The low price of hydrogen
production and the environmentally friendly way play a key role in the further
development of the economy, including hydrogen (Hosseini and Wahid, 2016;
Nikolaidis and Poullikkas, 2017).

Hydrogen produced from renewable sources such as biomass, geothermal, solar and
wind energy is ideal for the gradual replacement of fossil fuels. The chemical
conversion of energy sources such as coal and biomass gasification, as well as NG
steam reforming with CCS is one of the available processes with a high potential to
contribute to hydrogen production. In addition, the electrolysis of water by
electricity from renewable resources has great potential for development in the
production of hydrogen. Some hydrogen production processes, such as fermentation,
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thermochemical water fission, biophotolysis, and photoelectrolysis, are suitable for
small-scale use (ReuB3 et al., 2017; Alazemi and Andrews, 2015).

Table 2. Hydrogen production technology.

Technology Raw material Efficiency
Steam reforming Hydrocarbons 70-85%
Automatic thermal reforming Hydrocarbons 60-75%
Biomass gasification Biomass 35-50%
Electrolysis H20 + current 50-70%
Photolysis H20 + sunlight 0,5%
Thermochemical water | H20 + heat
splitting ON

Note: Hydrogen purification is not included.
Source: Balat and Kirtay, 2010, 7416-7426.

In wind power plants, hydrogen could be used as an indirect energy carrier. Excess
electricity is stored in the form of hydrogen and can be converted back into
electricity during periods of low wind potential or after grid overload has ceased.
The development of solar and wind power generation equipment and the reduction
of associated electricity prices improve economic competitiveness (Kim et al.,
2008).

3. The Concept of Functioning of the System of Stabilization of the
Operation of Power Grids in Terms of Supply Chain Phases in
Operations

The Data Envelopment Analysis (DEA) is a non-parametric comparative Renewable
energy sources are referred to as unstable, due to the dependence of the volume of
energy produced on uncontrollable factors such as weather, time of day, etc. With
the increase in the number of producers of electricity from RES, the problem of
instability of the operation of power grids will grow (Frankowska et al., 2022).

The solution to this problem may be the hydrogen buffer that is the subject of
research in this Article. The hydrogen buffer consists of the following element:

electrolyser converting electrical energy (RES) into hydrogen,
hydrogen storage,

a fuel cell that converts hydrogen into electricity,
maintenance-free control system.

A

The hydrogen buffer is therefore treated as a tool for stabilizing power grids, at the
same time supporting the processes of energy transformation (decarbonization).

The concept of locating the energy buffer in distribution power grids, taking into
account the objectives of the EU's hydrogen policy (implying the objectives of
climate and energy policy). The purpose of introducing a hydrogen buffer into the
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energy system (distribution power grid) is to stabilize the operation of the network
through the current impact on:

o the coefficient of equalization of the network load curve on a daily scale;

e quality parameters of the supplied electricity such as: voltage stability,
frequency fluctuations and harmonic level;

e limiting the energy loss coefficient defined as a percentage of energy
generated by RES sources that is impossible to accumulate and irretrievably
lost.

In the indicated approach, the stabilization of the system is understood as balancing
the demand and supply of electricity, taking into account the resulting losses on its
transmission (energy demand = energy supply — losses in energy flow).

Due to the complexity and interdisciplinarity of research issues, the assumptions of
the proposed stabilization concept included a supply chain layout that made it
possible to separate the phases of procurement, production and storage and
distribution.

The concept of stabilizing the operation of power grids assumes that the main factor
destabilizing the operation of power grids in the long term is the surplus of energy
from RES (supply phase). In the event of a surplus, it is returned from the MV
(medium voltage) line to the HV (high voltage) line (the surplus is reduced by
energy losses occurring on the transmission). This is an unfavorable phenomenon,
because in addition to destabilizing the operation of power grids, it may ultimately
result, for example, in the need to incur significant investment outlays for the
modernization of power lines (HV).

The task of the hydrogen buffer is to stabilize the operation of power grids by
converting excess electricity into hydrogen (electrolyser), hydrogen storage (storage)
and conversion of hydrogen into electricity (fuel cell), (production and storage
phase). The energy stored in hydrogen will be used to meet future demand in the
event of periodic shortages. In addition, as a hydrogen fuel (distribution phase), it
can also be used for DSO utility purposes (e.g. refueling of a fleet of vehicles). The
by-product of the electrolysis process is oxygen, the sale of which may in the future
be a source of revenue for DSOs (additional economic benefits).

4. Discussion and Conclusions

The production and use of electricity is associated with greenhouse gas emissions, as
well as environmental devastation, which is mainly caused by gas emissions from
the combustion of fossil fuels, especially coal. Hence, one of the most serious global
problems today is excessive CO2 emissions, which causes the phenomenon of the
greenhouse effect.
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For this reason, the most important issue has become the reduction of CO2
emissions, and thus stopping climate change in the atmosphere. This objective is a
major challenge in for the global energy sector.

In order to reduce emissions, it is therefore necessary to search for and use highly
efficient economically efficient energy sources, since electricity is consumed at the
same time as it is produced. At the same time, the places of production of electricity
are usually located far away from the places where it is consumed.

At the moment, in the Polish energy sector, associated with the monoculture of coal,
there is a lack of power, and the entire energy transmission system is beginning to
resemble an open-air museum. The solution may be the concept of functioning of the
system of stabilization of the operation of power grids in terms of supply chain
phases in operations based on a hydrogen energy buffer from the use of hydrogen. It
is an innovative research area that consolidates theoretical achievements in the field
of hydrogen supply chains and the operation and development of power grids.

Previous research on hydrogen technologies shows that the use of hydrogen in the
economy forces the adaptation of systems for its acquisition, production and
distribution. In this area, it is necessary to comprehensively design and manage the
processes carried out in the phase of supply, production, storage and distribution of
hydrogen so that they are efficient and how optimally support the achievement of
socio-economic objectives.

The results of the conducted research fill the existing research gap. First of all, there
is no interdisciplinary approach to the issues presented. Secondly, the recommended
common area is of great scientific and application importance.
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