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KEY MESSAGES
1. Coal mine industry contributes to the EU both in terms of
energy security and employment opportunities. However,
it has detrimental environmental impacts generating vast
amounts of saline wastewaters and releasing GHG to the
atmosphere.
2. Several policies have been introduced by the EC that address the environmental effects of coal mining with the most
important being the Water Framework Directive and the European Green Deal. The carbon neutrality path to 2050 is of
essential importance for the EU.
3. Poland is the most affected country comprising the largest
producer of hard coal in the EU. There are 18 active coal
mines today, with the government planning to close most of
them by 2049.
4. All closed mines often need to be still dewatered to avoid
flooding. This will generate salty wastewater streams that
need to be treated properly. Dębieńsko Coal Mines constitutes an important case study of this problem.
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This 1st edition of the LIFE BRINE-MINING policy brief was presented
and released at the virtual sessions of the Coal Regions in Transition Virtual Week, on Wednesday the 18th of November, 2020 from Dr. Dimitris
Xevgenos.
https://www.youtube.com/watch?v=Yld5AYZtskU

5. LIFE BRINE-MINING project aims to deal with the problem
of coal mine effluents by treating the wastewater and recovering valuable end-products such as salt. The 1st Circular
Economy Action Plan is being developed to enable the polish coal mine industry to follow circular economy practices.
6. The key stakeholders that are relevant for the coal mine sector such as the Polish authorities have been identified and
analyzed to help the transition of the coal mine sector into a
sustainable pathway.
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1. LIFE PROGRAMME & OUR STORY
LIFE: towards Circular Economy

LIFE BRINE - MINING

The LIFE programme is the European Union’s
funding instrument for the environment and climate
action. The general objective of LIFE is to contribute to the implementation, update and development of EU environmental and climate policy and
legislation by co-financing projects with European
added value.

Our story starts in September 2010, when
our LIFE project called SOL-BRINE started.
Within SOL-BRINE an eco-innovative technology was developed to eliminate brine effluents from seawater desalination plants.
Already back then, we had identified the
coal mine as a sector with important replicability potential – LIFE BRINE-MINING is
making this after 10 years a reality!

Initiated in 1992, LIFE has to date co-financed over
5,400 projects. Until 2013, the programme had contributed nearly €3.1 billion to environmental protection. In the past 2014-2020 funding period, LIFE
contributed additionally around €3.4 billion. Between 2021 and 2027, the European Commission
(EC) aims to raise the budget of the programme to
€5.4 billion [1].

SOL-BRINE was selected as the best out of
4,306 EU LIFE projects implemented over
the past 25 years.

LIFE BRINE-MINING project aims to facilitate the
implementation of the Water Framework Directive
and the Circular Economy Package, by enabling
the coal mine industry to improve its wastewater
management performance in a way that yields
cost-effective, resource-efficient, and legally compliant results. This will be achieved through the
development and application of an economically
viable, innovative system for the elimination and
full recovery of resources including the coal mining wastewater, at the source. The system will be
able to treat and directly recover end-products,
namely minerals/salts and water, of high quality and purity.
In the context of this project, a preliminary Circular
Economy Plan for the coal mine sector in Poland
has been developed and the key findings are presented in the following sections of this document.

The European Commission manages the LIFE
programme through its services Directorate-General (DG) for Environment and Directorate-General for Climate Action. The EC has delegated the
implementation of many components of the LIFE
programme to the Executive Agency for Small and
Medium-sized Enterprises (EASME) [1].

“The LIFE BRINE MINING project
has a significant policy impact and
marketability potential and this has
been pivotal for its selection at the
evaluation stage.”

Solon Mias
Project Advisor,
Executive Agency for Small and
Medium-sized Enterprises (EASME)
2

Green Award delivered to the SOL-BRINE
team: Dr. Dimitris Xevgenos (left), Prof. Maria Loizidou (middle) on the 30th of May, 2017
from the EU Commissioner for Environment
and Fisheries, Mr. Karmenu Vella (right).
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1.1 CEAP: Circular Economy Action Plan for the coal mine sector in Poland

1.2 Developing the CE Action Plan - Methodology

The project is structured upon five main groups of
actions (see also Figure 1):

The methodology applied for the development of
the CE action plan follows the design cycle methodology [2]. This methodology ensures that the
produced research results are relevant to and

Circular Economy Action Plan (CEAP) for the coal
mine sector in Poland (Action A.1.2). The CEAP
will then be prepared in close collaboration with all
A. Preparatory actions
relevant stakeholders adopting an iterative, co-deB. Implementation actions
sign approach (as illustrated in Section 1.2) within
C. Monitoring actions
Action B.5. The current document summarizes the
D. Public awareness and dissemination of results findings of the first 15 months of the project impleE. Project management
mentation (September 2019 – November 2020)
to the policy makers, and
Within the preparatory actions SEALEAU and GIG that are more relevant
st
collected all the relevant information for setting the thus comprises the 1 Policy Brief.

thus useful for, the identified stakeholders. This is
particularly interesting if the research aims at the
validation of innovative technologies before their
market uptake.

Figure 2. Methodology of developing the CEAP.

Figure 1. Actions of the LIFE BRINE - MINING project.
Actions related to the development of the CEAP are highlighted with black color.
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3rd

The CEAP is being developed within Action
B.5 between January 2021 and May 2023.
SEALEAU in collaboration with GIG published
this current 1st version of the Policy Brief, in
November 2020. A series of updated versions
will be published on a yearly basis.

2nd

1st version- Policy brief
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2. COAL MINES IN EUROPE
In general, there are many definitions and classifications of coal resources. These can vary in the literature depending on the properties that are used
to subdivide the coal into different classes e.g. scientific (physical, chemical, petrographic), technical

(calorific value, plasticity), commercial etc. With the
view to avoid confusion, the different classifications
of coal resources along with their uses are presented in Figure 3.

Coal classification

Coal mine industry comprises an important sector
in the EU, as coal has been classified among the
main fuels of the European economy and coal
operations have offered employment opportunities in numerous regions throughout Europe. The
total hard coal production in Europe in 2018 was
76 million tons. Europe is dependent on Poland
which supplies approximately 83% of the total hard
coal needs and thus delivers a great value [5] (Figure 4).

83%

Coking Coal
Bituminous hard coal can be distinguished into two
categories: the coking and the steam coal. Coking
coal has been identified by the European Commission as one of the 30 critical raw materials for
2020. Its significance lies in the fact that its supply
risk is high as a result of the large concentration of
supply in China and Australia and its high economic importance due to use in the metallurgy sector
[6]. In 2018, the EU consumption of coking coal
was 49 million tons [7]. The European iron and
steel sector relies on domestic coking coal to meet
37% of its needs [8]. As a result, even though the
energy-related uses of coal will soon phase-out,
the metallurgical coking coal needs will remain as
it is essential for the iron and steel industry. Furthermore, the hard coal mines capable of producing this type of coal will continue to operate purely
by serving this sector [8].

Poland

Figure 3. Coal classification (Adapted from [3])

In 2017, coking coal was not deemed critical: “However,
coking coal, which was on the 2014 list of critical raw materials for the EU, is considered a borderline case. Although it
narrowly misses the economic importance threshold, for the
sake of caution, coking coal is kept on the list of critical raw
materials for the EU. However, it will be phased out from the
next list should it fail to meet the criteria in full [4]”.
In 2020, coking coal was again on the list proving its economic importance.

Note: bars show
million tonnes of coal
equivalent (Mtce)
while figures at top of
bard show millions of
physical tonnes (Mt)

EU - 28 million tonnes
lignite
367
hard coal 76
imports 167
Figure 4. Coal production in Europe 2018 [5]
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2.1 Relevant policies
Although coal mine activities contribute to energy security and job opportunities in the EU, they
have adverse environmental impacts generating
vast amounts of saline wastewaters and generating greenhouse gases (GHG) to the atmosphere.
To tackle these challenges, several policies have
been introduced the last years, driven by a clear
political vision of a carbon-neutral Europe and supported by an energy system that relies on renewable energy, decentralized power production and
active participation of citizens seen as prosumers.

WFD key aims:
• Expanding the scope of water protection to
all waters, surface waters and groundwater
• Achieving “good status” for all waters by
2027
• Water management based on river basins
• “Combined approach” of emission limit
values and quality standards
• Getting the prices right

Water protection is one of the priorities of the Euro• Getting the citizen involved more closely
pean Commission and hence the influence of pressures on transitional, coastal, marine, and fresh
• Streamlining legislation
waters must be considerably reduced. In this direction, the European Commission has adopted two
framework Directives: Water Framework Directive
MSFD key aims:
(WFD) & Marine Strategy Framework Directive
• Prevention, protection and conservation of
(MSFD); while all the other are either (i) daughter
the marine environment
or (ii) feed-in directives (Figure 5). Adopted as of
• Achieving “good environmental status” by
2000, WFD established a new legislative approach
2020
to managing and protecting water, based not on
national or political boundaries but on geographical
• Cooperation between EU countries in the
and hydrological formations: river basins. Integratneighbouring marine regions
ed river basin management adopts a holistic ap• Spatial protection measures
proach to protecting the waterway through a coordinated strategy involving all the interested parties
in decision-making. This directive
requires countries to ensure
that all the river basins are “in
good ecological condition” by
2027 [9]. The MSFD has
been adopted as of
2008 and its main aim
is to protect more effectively the marine
environment
across Europe
[10]; but it will
be no further
analysied with
Figure 5. Mapping of water and water-related policies [11]
in our work.
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Key Actions EU Green Deal:
related to coal mine industry

• “Climate neutral” Europe: - Net-zero
greenhouse gas emissions by 2050
• Circular Economy: - Circular Economy
action plan, - “Use less materials reuse,
recycle”
• Zero Pollution: - “Pollution free environment by 2050”
• Ecosystems & biodiversity: - Biodiversity
strategy to tackle water pollution
• Money: - Just Transition Mechanism
• R&D Innovation: - LIFE programme

Just Transition Mechanism (JTM)
3 pillars:

• A new Just Transition Fund
of €40 billion, generating at least
€89-107 billion investments
• InvestEU “Just Transition”
scheme
mobilising €30 billion in investments
• EIB public sector loan facility
of €10 billion in loans, backed by
€1.5 billion of the EU budget, mobilising up to €30 billion of investments

Furthermore, on December 2015, the EC introduced the Circular Economy Package enclosing a communication (Action Plan for the circular
economy) and four proposed legislations on EU
waste policy, supplemented by two Staff Working Documents on waste management and an
implementation plan for the proposal. The Action
Plan proposed measures in several priority areas
to develop a solid plan of action, with measures
addressing the whole cycle – from production
and consumption to waste management and the
market for secondary raw materials. The Circular
Economy Action Plan is now mostly completed,
with the Commission having finished its part of the
work [12].
Moreover, what is especially important for the coal
mine sector is the European Green Deal voted in
December 2019. The EU has committed to undertaking ambitious climate action internationally as
well as in the EU, having ratified the Paris Climate
Agreement on 5 October 2016. According to the
new Green Deal, the energy sector and energy-intensive industries shall reduce by 2050 their GHG
emissions by 90% compared to 2005, while no
emission will be auctioned through the EU emissions trading system (ETS) after 2058 [13]. Following the Circular Economy Package, the EC
has presented the new Circular Economy Action
Plan that is one of the main blocks of the European Green Deal.
In the context of the European Green Deal, the
Just Transition Mechanism (JTM) is a key instrument to “ensure that the transition towards a
climate-neutral economy happens in a fair way,
leaving no one behind.” The JTM, with a budget
of at least €150 billion over the period 2021-2027,
is an important tool to help the coal mine regions
that are the most affected to redirect into a more
sustainable path, aligned with the new policies
adopted [14].
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2.2 The case of Poland

N

Poland hosts the largest number of coal mines,
with 63.4 out of the 76 million tons of coal to having
been produced in Poland in 2018 [5]. The exploitable hard coal reserves are concentrated in two regions, namely Upper Silesia Coal Basin (USCB)
and the Lublin Basin at the eastern part of Poland
(Figure 6).
Today there are 18 hard coal mines in Poland,
owned and operated by 5 coal mine industries,
and several abandoned mines (Figure 7), most of
which are still being pumped. Mine waters from
these mines are typically discharged into tributaries of the upper Wisła (Vistula) and upper Odra
(Oder) rivers.

Figure 6. Hard coal and lignite reserves in Poland (Adapted by [15])

Silesia region (Sląskie)
The Upper Silesian urban-industrial agglomeration
is one of the most impacted and transformed areas in Europe. Currently, USCB is the largest active
coal mining area in Europe with approximately 7.5
thousand km2. As a result of intense industrialization, the region’s environment has significantly
degraded due to many anthropogenic pressures of
which the most important are the impacts of hard
coal mining. Mine water discharges play an important role in surface water quality and quantity
in the USCB The total mine water discharge in
USCB is around 350,000 m3/day, with the amount
of chlorides and sulphates discharged to the rivers
being approximately 4,000 tons/day [16].

N

Figure 7. Map with active and abandoned hard coal mines
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in Poland.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

KWK Borynia-Zofiówka
KWK Budryk
KWK Knurów Szczygłowice
KWK Pniówek
KWK Jaworzno-Bzie
KWK ROW
KWK Ruda
KWK Piast-Ziemowit
KWK Sośnica
KWK Bolesław Śmiały
KWK Wujek
KWK Myslowice-Wesola
KWK Murcki-Staszic
ZG Brzeszcze
ZG Janina
ZG Sobieski
KWK Silesia
KWK Bodganka

Jastrzębska Spółka Węglowa JSW
Group
(5 mines)

Polska Grupa Górnicza PGG
(8 mines)

Tauron Wydobycie
(3 mines)
Przedsiębiorstwo Górnicze Silesia
Lubelski Węgiel Bogdanka S.A.
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2.3 Environmental Problem in POLAND
Vistula river

Poland, as by far the largest coal producer delivers
added value to the EU, but this comes with a high
environmental cost at national level. Mine water discharges affect surface water in both a quantitative
and qualitative way. Especially in small streams,
significant changes are caused in their hydrological
regime due to large loads of contaminants in a high
quantity of mine discharges. The consequences
are the transformation of the natural aquatic environment, and in extreme cases, eliminating of flora
and fauna of the river [17]. The salinity of surface
water limits the possibility of using water from rivers
for municipal as well as for agriculture and industrial purposes. Thus, mining industries are creating
an alarming impact on water quality and water
management.

$100-250M
annual economic
losses

Massive amounts of water are discharged from
Polish mines each year as not only the active ones
but also the majority of the mines that are abandoned have to be continuously dewatered to avoid
flooding risks. In 2018, an estimated 182.4 million
m3 saline waters drained directly to rivers causing
substantial damage to Polish water resources [18].
The salination of Vistula River is the cause of losses in industry, agriculture and water transport
which are estimated to be $100-$250 million per
year [19].

The implementation of the WDF in Poland is a major challenge due to:
• The small number of water resources in combination with
• The increase of the concentration of
chlorides and sulphates, as the average depth of mine working is also
increased.

Figure 8. Map with Vistula and Oder rivers in Poland.

FEES, FINES AND SALINE FUND

Oder + Vistula river

182 Mm3
annual saline
discharges

Fees are applied for both water use and wastewater discharges. The environmental authorities
are responsible for collecting the fees which constitute a significant source of revenue for the environmental funds presented below. These funds
finance around 50 % of the annual environmental
protection investments in Poland.
• The National Fund for Environmental Protection and Water Management
• The provincial Funds for Environmental Protection and Water Management
• The municipal environmental funds
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Economic entities that fail to meet their environmental obligations as set out in the permits must
pay fines. The fines are up to ten times higher than
the fees. State Inspectorate for Environmental Protection (SIEP) is responsible for imposing the fines
which accrue in the environmental funds.
In 1987, environmental fees for saline wastewater
discharges from the coal mines were introduced.
The fees have been assigned to a so-called “saline
fund”. Money that accrued in the account has been
reimbursed to the hard-coal sector in the form of
subsidies for various measures to reduce the discharges of saline wastewater [19].
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3. COAL MINES CLOSURE & WASTEWATER
The new EU Green Deal foresees to make Europe
climate neutral by 2050. However, during the energy transition, hundreds of thousands of jobs will
disappear as in many countries there are whole
regions dependent on coal mining. Closing these
mines and transitioning away from coal can induce
significant socioeconomic and environmental impacts, if not managed well.

Coal mines

Number of direct jobs
n.a
< 1500
1500 - 6000
6000 - 10000
10000 - 15000

EURACOAL in a recent report estimates that approximately 163,000 people work in operating coal
mines, ranging from around 650 in the United Kingdom to just below 95,000 in Poland [13]. The Silesia region offers about 80,000 jobs directly in coal
mining as it comprises one of the regions with the
highest production in EU and one of the largest in
terms of the number of enterprises active in coal
mining [8].

> 15000

Germany
20,001 jobs
Romania
16,022 jobs
Czech Republic
13,904 jobs
Bulgaria
10,294 jobs
Greece
4,082 jobs
Slovakia
2,000 jobs

Changes to the mining sector, namely the closure
of coal mines driven by the energy transition are
largely uncertain. It is however evident that the
sector already faces significant employment losses. In Poland, hard coal production decreased from
177.4 million tons in 1989 to 63.4 million tons in
2018. Over the same period, employment in the
Polish hard coal mining sector showed a decrease
of almost 80% at the end of 2018 [13]. It is estimated that 59% of the people working currently in
coal mines may face a high risk of redundancy, due
to an uncompetitive position of employing mines,
which therefore pose a higher risk of closure [8].

Spain
1,549 jobs
Hungary
1,400 jobs
Slovenia
1,252 jobs
United Kingdom
647 jobs

Figure 9. Number of employees in coal mines across
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Poland
91,426 jobs

Europe in 2018 (Adapted by [8] & [13]) (% broken down per country).
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3.1 Coal Mines Closure & Wastewater in Poland
Intending to attain the EU target of net-zero carbon
emissions by 2050, Poland’s government struck a
deal with trade unions in September 2020 to gradually close its coal mines by 2049 [20].

“This is the direction of Poland’s mining and energy sector transformation. We are following the EU policies.”
Artur Sobon,
Secretary of State
Ministry of State Assets

Even though the coal
mines are closing, the need
for treatment of saline water
from mining activities in Poland
will continue to exist since not only
the active ones but also the majority of the mines that are or will be
abandoned have to be continuously dewatered.
16
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3.2 Poland - Dębieńsko Case Study
Dębieńsko Coal Mines was the 1st plant globally to
apply Zero Liquid Discharge system to treat coal
mine brine effluent and recover water and saleable salts. Dębieńsko Desalination Plant is an environmental protection installation; its purpose is
to desalinate the mine effluents from SRK CZOK
Dębieńsko (dewatering of a closed mine) and JSW
KWK Budryk (dewatering of an active mine) in the
installation [21].

Debiensko case study
evaluation

Budryk
Dębieńsko

• Treat coal mine brine effluent.
• Recover water & saleable salts

Based on Budryk’s
operating license, it was
necessary to dewater the
neighboring closed mine to
avoid flooding risks! As a result, although Dębieńsko is
a closed mine, still dewatering is needed!

US $ 60 million for
the equipment

Main drawback:
extremely high energy consumption
(~970 kWh/t of salt recovered)

Figure 10. Dębieńsko Desalination Plant , brine treatment process and products.
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Figure 11. Dębieńsko Desalination Plant, Mass balance.
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3.3 Poland - Dębieńsko Case Study

Figure 12. Dębieńsko plant milestones timeline.

Figure 13. Dębieńsko plant.
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Figure 14. Dębieńsko plant - brine concentrator &
crystallizer.

Figure 15. Dębieńsko plant - detention pond for the
sedimentation of gypsum.

Figure 16. Dębieńsko produced salt.
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4. PROJECT DEMOSTRATION & RELEVANT STAKEHOLDERS
4.1 Case Study: Ziemowit coal mine
A technical demonstration of the LIFE-BRINE
MINING system will be applied at the Ziemowit coal mine. Currently, the Ziemowit coal mine
is discharging the brine effluent through the
Golowiecki river to the Vistula river.
The hydrochemical character of the river is highly dependent on the saline water discharges from
mines, which constitute the key reason disturbing
the river’s natural environment. The pollution of the
river makes its water non-potable and excludes its
use even in industry.

Under the WFD,
the Golowiecki river
has already been characterized as having “Bad
ecological status”.

With the application of the LIFE BRINE
system, the following objectives will be
achieved:
• Avoid discharge of coal mine brine
effluents
• Recover marketable minerals and
high purity water
• Reduce energy requirements by 50%
compared to Dębieńsko case study
Figure 17. Process flow diagram of LIFE BRINE-MINING system applied to Ziemowit mine.
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Figure 18. Brine discharge from the Ziemowit through the Golowiecki river to the Vistula river.
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4.2 Stakeholders
For the implementation of the LIFE BRINE-MIN- of the CE action plan on the coal mine sector in
ING project, several stakeholders have been iden- Poland, the following relevant key stake-holders
tified and analyzed based on their goals, interests are presented.
and values. For the development and optimization
Coal mine Industry

Coal mine Industry

Company

Potential role in the project

PGG S.A.

Project partner
PGG is the largest hard coal producer in the EU. In its scope of activity,
apart from coal mining, it also deals with, inter alia, production of heat
and electricity and research of the latest solutions in the ecological
solid fuels.

End-users of
materials recovered

Investor
Community

8 active coal mines

Other end-users/
process industries

Policy
makers

Bogdanka S.A.

Bogdanka is a Polish hard coal producer located in the village Bogdanka in the Lublin region.
1 active coal mine

Waste management sector
& Incineration plants

Science

JSW S.A.

JSW is the largest producer of high-quality coking coal in the EU and
one of the leading producers of coke used for steel smelting.
5 active coal mines

PG Silesia Sp. z o.o.

Science - Institutions
Institution

Potential role in the project

Silesian University of Technology

Project partner

Central Mining Institute

Project partner

PG Silesia is a private company, located in southern Poland and its
main activity is excavation of hard coal.
1 active coal mine

Tauron Wydobycie S.A.

Tauron Wydobycie S.A. is a Polish hard coal producer.

AGH University of Science and Technology in Kraków
Wrocław University of Technology
Institute of Ecology and Industrial Areas IETU
Institute of Innovative Technologies EMAG

3 active coal mines
Interested in the technological and environmental aspects of desalination.

Polish Geological Institute
University of Silesia, Faculty of Natural Sciences
24
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Policy makers

Figure 20. Stakeholder’s Influence/Interest Grid - Polish authorities related to LIFE BRINE-MIINING project.

State Water
Holding Polish
Waters

Figure 19. Polish authorities and key stakeholders related to LIFE BRINE-MINING.

Ministry of
Climate &
Environement
26

Ministry of
State Assets
Closure of active
coal mines

Implementation of WFD

Marshal’s
office
Distribution of the
EU Funds
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