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a b s t r a c t

The increasing share of renewable energy in electricity production in Poland is part of the

growing interest in the hydrogen underground storage. In the search for suitable locations

for this purpose it is useful to have the knowledge on the geological structures for un-

derground storage of gases, including carbon dioxide.

This article presents the possibilities of geological storage of hydrogen in underground

geological structures in Poland (salt caverns, depleted oil and natural gas fields, and deeply

seated aquifers). The study results confirm that there are favorable conditions to achieve

this goal e in many areas of Poland it is possible to realize some type of hydrogen un-

derground storage.

The paper presents prospective areas for different options of hydrogen underground

storage at specified conditions. For locations in salt caverns, rock salt deposits from the

following areas are proposed: Łeba Elevation, Fore-Sudetic Monocline, Carpathian Fore-

deep, and salt stocks in the Polish Lowlands. For depleted oil and natural gas fields in the

Polish Lowlands, Carpathians and Carpathian Foredeep, a few tens of fields are indicated,

most of them are natural gas deposits. In the Polish Lowlands, several anticlinal structures

in the Lower Cretaceous and Lower Jurassic formations have been selected. These pre-

designated locations may be the basis for further work and detailed considerations in

order to find the best and most appropriate locations intended for hydrogen underground

storage.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Hydrogen, as a carrier of energy, can be stored for later use in a

controlled way. It is an attractive carrier, free from impurities

and characterized by its usefulness for flexible and efficient

energy conversion. Hydrogen production technology is well

developed and has the advantage of virtually unlimited

availability of basic raw material.

In conditions of progressive global warming, the change in

energy supply from conventional to renewable sources is

essential for climate change mitigation. In a situation where

the renewable energy industry would become an important

source of energy, multi-megawatt power storage systems will

be necessary. Hydrogen underground storage can prove to be

an interesting solution. Geological formations can provide the

possibility to store energy on a different time scale (medium-

and long-term). This will allow for balancing its irregular
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supply, which is typical for renewable energy sources (wind

farm, solar energy), and for the delivery of energy to the

network during peak hours,when the energy ismore valuable.

Review of previous results of research on
hydrogen underground storage

The issue of underground storage of bulk quantities of

hydrogen has been the subject of discussions and an

increasing number of articles and studies for over 30 years.

This growing interest is reflected in the existing, though still

insignificant, practical experience in the storage of this gas.

Porous rocks are taken into consideration for hydrogen un-

derground storage: depleted hydrocarbon (oil and gas) de-

posits and (saline) aquifers, caverns in salt deposits, as well as

underground caverns carved out in solid rock.

Aneke and Wang [2] discusses the concept of energy

storage, focusing on different technologies for possible

storage of energy with additional aim on the storage of sec-

ondary forms of energy, they are also delivering a detailed

analysis of various energy storage projects that occurred all

over the world. The authors emphasize that energy storage is

important due to enhance grid stability, increased penetra-

tion of renewable energy resources which leads to improved

efficiency of energy system. Bartel i Jansen [6] draw attention

to growing need for the coordination of utilizations in un-

derground space. Findings of their study prove that dedi-

cated underground spatial planning should replace the

common procedures towards designating exclusive areas for

certain purposes in order to ensure the sustainable use of

underground space. Delmastro et al. [11] indicate that ur-

banization growth affects the relationships among energy

systems and underground space as they are becoming more

andmore important mainly due to: the severe competition in

the land use, the security of energy commodities manage-

ment, need of huge infrastructures for energy transportation,

safety requirements against seismic events and eventually,

economic and environmental considerations. It is therefore

important to focus on underground space planning, together

with the progressive development of suitable integrated

connections between surface and subsurface which will

result in increase in livability of cities and it would improve

public health.

Audigane et al. [3], based on the example from France,

discussed the role of underground gas storage facilities in

storing huge amounts of energy, pointing out the impor-

tance of the selection of suitable geological formations for

this purpose and the possibility of hydrogen underground

storage in combination with other applications (geothermal

energy, Carbon Capture and Storage e CCS, heat storage). An

overview of the technology for hydrogen underground stor-

age in China and a summary of researcher delivered in this

field in other countries is provided by Bai et al. [5]. Years of

experience of Germany in the storage of natural gas in salt

caverns and porous formations is indicated by Bauer et al.

[7]. They emphasize the need to develop new methods and

technologies for energy storage and need for understanding

the complex processes during hydrogen underground stor-

age in order to understand the effects of complexity and

interaction with other types of subsurface and surface.

Ozarslan [25], based on the example from Turkey, analyzed

the methods, design and creation of underground gas stores

in salt caverns. Panfilov [27] presented important aspects of

hydrogen underground storage on a large scale: options of

hydrogen underground storage and its potential in Europe,

necessary infrastructure for this purpose, and economic

factors.

Hydrogen underground storage affects the rock mass and

surface environment (interaction between gas with minerals

and rocks with reservoir fluids, geochemical and biological

changes, geomechanical stresses, leaks of liquids or gases

affects the durability of thematerials used in the construction

of boreholes and others). Papers on this topic emphasize the

small experience gathered in this field - only a few examples

of large-scale geological storage of hydrogen exist. Therefore,

in order to determine the impact of (complex and inter-

connected) effects of hydrogen storage on other uses of the

rock mass, a proper monitoring system as well as the

knowledge and understanding of many processes are neces-

sary. The behavior of underground-stored hydrogen is more

complex than expected, other than in the case of natural gas

storage [17,27].

Audigane et al. [4] discussed the results of laboratory tests

of geochemical reactivity of dissolved hydrogen with clay

minerals to evaluate reservoir properties of rocks and impact

of the reactivity on the assessment of the capacity of sedi-

mentary formations selected for hydrogen storage. Results of

the German's R&D H2STORE project with respect to the

reactivity of minerals with hydrogen and carbon dioxide,

using analytical methods and experimental research under

natural formation conditions, have shown impact of H2/CO2

on the dissolution and precipitation of minerals and on the

reservoir quality (porosity, preferential flow paths) [18]. It is

emphasized that the use of large-scale energy storage can

cause side effects in the rock mass: an increase in pressure,

migration of formation fluids, geochemical and biological

changes, geomechanical stresses, or leaks of liquids or gases

injected into the aquifers [5,7]. Reitenbach et al. [29] pointed

out that the injection of hydrogen-containing gas into the

existing UGS (Underground Gas Storage) tanks affects the

efficiency of their work, geological integrity of the reservoir

and overburden rocks, and durability of materials used to for

borehole casing.

Numerous publications demonstrate microbial activity of

methanogenic bacteria during hydrogen underground stor-

age. Methanogenic bacteria consume hydrogen and carbon

dioxide, converting it into methane and water (methane

generator), which may cause significant losses in the under-

ground storage [12,16,26,38].

Iordache et al. [19] presented an analysis of the use of salt

caverns for hydrogen underground storage in Romania, po-

tential directions of development, the stakeholders, and the

purposefulness of assessing the possibility of hydrogen un-

derground storage. Amid et al. [1] analysis of technical feasi-

bility of hydrogen storage shows that hydrogen storage in a
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