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Introduction

In general, the mining cycle can be divided into three
phases: In the exploration phase the deposit is investigated to
determine its technical and economic profitability. The period
of these undertakings is relatively short and can lead to the
launch of mining operations. The actual mining phase usually
lasts for a long time and ends latest when all deposits are fully
depleted. This lifespan may be shortened if the economic con-
ditions (production cost or market price) deteriorate. Never-
theless, mining may be resumed if those conditions become
favorable once again. The post-mining phase finally is the
longest phase as the human interference into geology and na-
ture is usually intensive and irreversible and may have a per-
manently adverse impact on people and the environment [1].

In the past, mining companies were mostly busy with the
first two phases as those were the ones in which they could
act profitably on the market. Moreover, many mining coun-
tries have not created a legal framework that would oblige
companies to handle the impacts of active mining on the
post-mining phase.

As a result, the medium- and long-term impacts on the
environment and the people living in the mining regions were
often neglected — and even the economic impact was ne-
glected. Mining damages that occurred years later such as
subsidence damages or the restoration of land and water bod-
ies represent costs the entire society has to cover if the re-
sponsibilities and the funding by the mining companies are not
properly defined. In the end, such impacts can lead to a loss
of acceptance in politics and among the population [2]. As
mining cannot be done without impacts, it is necessary that
negative consequences are minimized. Beside of this, effec-
tive post-mining provides numerous opportunities by reinvent-
ing mine sites to create new jobs. What principally matters is
the successful control and management of post-mining risks
and the effective use of these opportunities.

Sustainability and post-mining

The Brundtland Report, published by the United Nations
in 1987, defined the term sustainable development as the de-
velopment that meets the needs of the present without com-
promising the ability of future generations to meet their own
needs [3]. Sustainability is about three basic aims: the share
of wealth for as many people as possible (social sustainabili-
ty), a durable positive economic development (economic sus-
tainability), and the preservation of nature (environmental
sustainability).

This three-dimensional approach to sustainability can be
transferred to post-mining activities. Sustainable manage-
ment of mining impacts means that environmental damages
caused by emissions, subsidence and such should be limited
(environmental dimension); the costs of managing both min-
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Mining has deeply influenced the social, economic and ecolog-
ical development of many regions by changing the landscapes, cit-
ies and population structures. Beside of this mining has always cre-
ated all kinds of cultural artefacts from jewelry to miner's songs,
that can be called mining heritage. Especially, built heritage is one
of the most identity-performing cultural artefacts of a modern so-
ciety. In our fast-moving globalized world, there is a need to pre-
serve, develop and present these artefacts, especially mine sites, as
adistinct and important contribution to a sustainable development
of each mining region. The idea of preservation of decommissioned
industrial sites to keep the regional identity started parallel to the
decline of the heavy industry in the Ruhr region. In 2007, a politi-
cal understanding was arranged to phase out German hard coal
mining in a socially acceptable manner by the end of 2018.

This decision required a new strategy for the coal mining in-
dustry. Being strictly finalized, the German hard coal mining in-
dustry has to be prepared for the post-mining era. To create a sus-
tainable development strategy, the long-term impacts of coal min-
ing activities in Germany concerning the environmental, econom-
ic and social dimensions will be analyzed systematically and for-
ward-looking. The regional and social responsibility during the
closing process and for the post-mining era will be emphasized.
High technical standards in environmental protection and post-
mining technologies, as well as long-term experiences in the devel-
opment of former mine sites to create new jobs are significant from
an international point of view. The traditionally constructive so-
cial partnership between employers, union, and employees has ena-
bled long-term stable adaption processes and avoided social fric-
tion. The sustainability strategy of the German hard coal mining
industry can be regarded as a role model for other mining coun-
tries and regions facing similar transition challenges.
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age, post-mining, post-mining management, RAG, sustainability
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ing damage and permanent obligations should be kept as low
as possible (economic dimension), and the population living in
the mining regions should be offered future prospects to en-
sure their standard of living and their well-being after mining
has come to an end (social dimension).

To reach these aims the requirements of the post-mining
phase have to be included in the strategic planning and the
operations of every mining project from the beginning of the
mining cycle.

Hard coal mining in Germany:
from industrialization to post-mining

In Germany, industrial underground mining of hard coal
began in the early 19th century. In the roughly 200 years since
then, there were times when several hundred mines of differ-
ent sizes existed, mostly located in the Ruhr area in the state
of North-Rhine Westphalia and in the Saar region.

For more than hundred years, hard coal from domestic
production had been the basis for industrial success in Ger-
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many, even after World War Il, when Germany started its “eco-
nomic miracle”, becoming one of the leading economies in the
world. However, since the 1960s, hard-coal mining in Germa-
ny has been in the state of continuous decline. Because of rel-
atively high production costs, German hard-coal mining could
not compete on the world market.

At that time, the German government decided an adjust-
ment process that would reduce the social consequences. To
do so, the mining companies worked in a close collaboration
with political institutions and trade unions. The objective has
been, until today, to achieve the economically necessary
downsizing without creating a large number of unemployment
in the mining regions. This objective could be achieved by a
number of measures like agreements of early retirement or re-
training of young miners for new jobs, by attracting new em-
ployers of the manufacturing industry, and by establishing uni-
versities in the mining region. This so-called structural change
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of the regional economy was accompanied by the assignment
of new land use functions to closed mining areas. Many of
these areas were opened to the public, and mine sites were re-
stored for recreational and environmental purposes or com-
mercial uses.

In 1968, the remaining mining companies in the Ruhr ar-
ea merged their coal activities under the supervision of the so-
called Ruhrkohle AG. The hard-coal production received state
subsidies to ensure the domestic power supply and the supply
of coking coal. In 1997, Ruhrkohle AG was restructured and
received a new name, RAG. The operation of the mines was
separated from the other business units in order to separate
profitable and subsidized business activities [4].

In 2007, the German government decided to end the fi-
nancial support of the coal mining industry in 2018 because
the European Union no longer allows such subsidies. This has
led to a final mining closure program. To realize and organize
this program the German government has passed a law.
Based on this law, the «old» RAG was split into three parts: a
newly set up foundation, the RAG-Stiftung (RAG-foundation);
the subsidized coal mining unit plus coal trade, land manage-
ment, site development, and a few other coal related service
companies, still named («new») RAG; and profitable business
units mainly the subsidiary Evonik Industries, one of the
world’s leading specialty chemicals companies, beside other
interests. The foundation has to ensure that the proceedings
from the profitable business units will be used to provide sus-
tainable funding for post-mining tasks so that German tax-
payers will not have to pay for them. In addition, the RAG-Stif-
tung has the responsibility for promotion and support of edu-

cation, sciences and culture in the mining re-
gions [5] (Fig. 1).

Sustainable development
in post-mining at the Ruhr

Industrial development had a formative re-
gional importance on society and architecture in
Germany, especially in the Ruhr region. Driven
by the availability of hard coal an agglomeration
of industrial influenced cities arose since the
early 19th century. Today these cities are form-
ing a metropolitan area with more than five mil-
lion inhabitants.

In this setting numerous objects of coal
mining concerning extraction, production,
transport and infrastructure have been built and
are imprinting signs of the «coal age» in Germa-
ny now (e.g. colliery and coking plant Zollverein
in Essen), which is a World Heritage site on the
UNESCO list).

The idea of preservation of decommis-
sioned industrial sites to keep the regional iden-
tity started parallel to the decline of the heavy in-
dustry in the Ruhr region. First some workers’
settlements were kept. Later a group of interest-

Q)
Q ed citizens together with monument curators

and politicians recognized the historical signifi-
cance of entire industrial sites, including pit
frame heads or production halls with dimen-
sions to speak of “industrial cathedrals”.
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A big challenge in the beginning was the ne-
cessity to convince the «man in the street» and many
politicians that these «awkward>» objects of heavy in-
dustry do have a comparable status for the history
and the cultural development of North Rhine West-
phalia as e.g. impressive and beautiful churches like
the Cologne Cathedral. More than a decade was
needed to change the negative image of these ob-
jects in the mind of the inhabitants in the Ruhr region
(places of donkeywork, rage because of job losses
caused by closures ...). A positive feeling was creat-
ed expressed in the word «industrial culture». People
became proud of their cathedrals of industrial cul-
ture and started to look at them from a different per-
spective [6].

RAG is turning from an active hard-coal pro-
ducer to a post-mining group. Its business activities
today can be defined according to the three dimen-
sions of sustainability. In the era of post-mining,
RAG has to master the organizational and technical
challenges of mine closures in such a manner that
any harm to people or damage to the environment is
avoided or offset [7].

1

. J.u.st recentl_y, RAG has publi.shed.the first sus- Fig. 3. Creating renewable energy, an opportunity of post-mining:
tainability reporting that emphasizes its three col- 7 _ photovoltaic plant on a mud pond; 2 — Heat from mine water;
umns of the sustainable development strategy: en- 3 _ windmill on a dump hill

vironment (post-mining), society and finances (em-

ployees and company) and humanity (cultural and

social life). A very important aspect to develop a sustainability
strategy is a continuously open and transparent dialogue with
the stakeholders and the general public. In the course of this
dialogue, the challenges of post-mining should be intensively
discussed. In order to summarize the outcome of this dialogue
as the basis of its sustainable development strategy RAG has
defined spheres of activity (Fig. 2).

The CEO of RAG Bernd Ténjes has summarized the moti-
vation of RAG to develop its sustainable development strategy
as follows: «At the end of the year 2018 the German hard coal
mining will end. More than 200 years it has transformed villag-
es into cities and industrial centers. For many decades, coal
provided economic power for the mining regions and the
whole federal republic. Mining has shaped visibly the land-
scapes, even after the end of the production. Its impacts are
noticeable. But the unavoidable impacts can be regulated and
mitigated in a responsible way. We are meeting the challenge
to take responsibility for the impacts of coal mining — even
when the time of an active mining is over» [8].

Transforming mine sites —
an opportunity for sustainable mining

In the past, post-mining management in Germany has
been focused on the issue of reducing and preventing risks. In
the last years, however, the situation in the energy industry has
undergone fundamental changes. Some keywords in this con-
text are: the finite nature of fossil fuels, global warming, CO,-
emissions, and the risks of nuclear power. Therefore, German
politics achieved a change towards renewable energies. This
change brought about a boost of creativity and innovation that
also enclosed post-mining areas. Because historical mining
encompasses many opportunities of generating renewable

energies as well as other new, future-orientated uses for for-
mer operating areas.

In the future, post-mining management has to incorpo-
rate these opportunities, as the sustainable management of
the mining areas will have huge impact on the acceptance of
the mining industry as such. If the mining companies fail to
seize the opportunities post-mining offers, mining will not be
truly sustainable.

At the Ruhr a number of applications are already in use or
exist as research projects, prototypes, ideas and visions like:

— Photovoltaic plants on mining areas: Apart from their
height, dump hills have another advantage: there are many
free areas and hardly any shading. Therefore, they are ideal lo-
cations for photovoltaic systems; likewise, the large roofs of
factory buildings can be used for these, too. (Fig. 3.1)

— Heat from mine water: Every year, approximately 70
million cubic meters of mine water are pumped in the Ruhr ar-
ea. The temperature of this mine water is 35-40°C and can be
used for supplying heating to buildings by means of heat ex-
changers or for accelerating the biomass production when
generating energy. (Fig. 3.2)

— Wind turbines on dump hills: The dump hills in the
Ruhr area are often 80-100 meters above ground surface.
Thus, they often feature high wind speeds that allow for eco-
nomically reasonable use of wind turbines. (Fig. 3.3)

— Energy production from methane that is released
from coal beds

— Production of biomass on former mining areas, espe-
cially dump hills.

— Pump-storage power plants using dump hills and un-
derground mine structures

— Production of geothermal energy [9]
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Fig. 4. Kreativ Quartier Lohberg. Overview (RAG/Klingenburg)

Examples of a sustainable development
of former mine sites

The biggest opportunity for former mine sites liens in a devel-
opment that integrates surface and underground uses. The
project of Ewald Colliery serves as an excellent example to il
lustrate this. Until 2000, the colliery produced an output of ap-
proximately 2.5 m metric tons per year. Its premises included
around 0.44 km?2 (109 acres) of surface area, 2 shafts and
more than 90 buildings.

After the mine closure, a team consisting of architects, ur-
ban planners, technical authorities, municipalities and individu-
al citizens developed a concept of how to utilize the surface ar-
eas. The area was redeveloped, i.e. some buildings were de-
molished, others restored and marketed. By now, a number of
companies have found a new home there, including industries
such as logistics, technology, services, crafts, commerce, tour-
ism and real estate, as well as catering and even a theater.

At the same time, mine gas is extracted from the old
shafts and sold. At the mine dump nearby, a wind turbine has
been built to generate energy; in the medium term, a hydro-
gen competence center is to be established to promote ener-
gy generation from hydrogen. All of these developments show
that the former colliery is being revamped as a location that
fulfills all aims of a sustainable development: new economical
values, new jobs, and ecological recovery [10].

Another example where all three aims of sustainability
have been reached by reshaping a mine site is the Kreativ
Quartier Lohberg. This development project illustrates the
transformation of a former mine site into the first CO, neutral
suburb of Germany. An important feature of this site is the
combination of modern and listed architecture that is com-
pletely supplied by renewable energy resources like photovol-

taic plants, heat from mine water, biomass, wind turbines and
geo-thermal energy [11] (Fig. 4).

In the former mining town, Kamp-Lintfort the Rhein-Waal
University of Applied Sciences has transformed an area of the
closed Friedrich-Heinrich mine into a campus. This campus
«built on coal» is another example how mine sites can be
transferred successfully for new purposes [12].

Two lessons learned

Considering the above-mentioned facts and figures,
there are two lessons learned to create suitable post-mining
strategies and measures successfully.

Sustainability and originality

A positive result in the preservation and development of
a mine site for new purposes will be achieved only in a con-
sensus between the stakeholders concerned. Many discus-
sions will arise if there is an enforcement of singular inter-
ests to the disadvantage of others. It may result in short-
term success of one stakeholder, but a missing long-term
acceptance will generate sticking points on the way to a suc-
cessful realization.

Thus, a very puristic preservation of a mine site just keep-
ing most of the object in an original condition may be a suc-
cess for the preservation authorities but may also cause the
disinterest of owners and investors regarding the future use of
the object. A resulting lack of funding is of great disadvantage
because it will prevent necessary maintenance and repairs.
A surviving of a mine site without a new compatible use is pos-
sible only under very rare circumstances. However, a reuse of
the site just with the consideration of user interests might re-
sult in a reconstruction that has nothing to do with the former
monument. In this case, if the uniqueness, the image and the
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charisma of the object are gone and the value of the object for
the region is reduced.

Sustainability has to be considered within the technical
measures of the individual sites, too. The given substance
should be regarded as a non-renewable resource. Any work at
the object should consider its originality at any time. For ex-
ample, an additional supporting structure, which allows the
continuation of a weak original beam or pillar at the place, has
to be seen long-termed as a more valuable measure than an
apparently easier or cheaper replacement of the original. A
copy is never the original although it looks in the same or even
better. Lost originality cannot be regained. Originality and sus-
tainability are two sides of the same coin when it comes to pre-
serve and develop a mine site.

Creating a better image for an entire region

Actual attempts and successes at the Ruhr demonstrate
that former ugly mine sites have been transferred into appre-
ciated and accepted objects of mining culture. An important
factor of success is the explanation of measures to the public.
People were invited to join the long way of conversion from the
state of industrial functional buildings (with sweat and tears) to
the identity forming objects of mining culture (with joy and
pleasure). The aim of the people in charge was to explain the
social significance of these objects to the public. Potential
problematic objects were turned into places with a positive im-
age, because measure that are just enacted by certain experts
and not discussed in public will fail to be accepted as social
valuable [13].

The attempts in the last 30 years in the Ruhr region have
created a new atmosphere in the entire region. The declara-
tion of the town of Essen together with the Ruhr region as the
cultural capital of Europe in 2010 was an important milestone
on this way to a bright post-mining future. Enthusiasm of the
inhabitants and the increase of foreign tourists, indicated by
enormous visitor numbers in 2010 [14], illustrate that industri-
al, especially mining culture has become an important brand
of this region.

In the year 2017, the former mining town Essen, the big-
gest city in the Ruhr region, has won the European Green Cap-
ital Award by the EU. The responsible EU commissioner Kar-
menu Vella pointed out that Essen has used the lessons from
its industrial past to build an environmentally sound future [15].

Post-mining education —
the basis for post-mining excellence

Post-mining excellence requires high motivation as well
as a high level of abilities and skills. Without key elements like
ideas and visions, research and development, integration of
surface and underground challenges, and risk manage-
ment — post-mining will be inefficient, based on short-term
thinking, muddling through or in the worst case on lip services.

High motivation needs a change of mind: post-mining no
longer means simply avoiding certain hazards but has to be
seen as an evolutionary sustainable process that is based on
the management of risks and the utilization of opportunities.
This process should be encouraged by suitable governmental
regulations and incentives to promote ideas, to support re-
search and development, and to run widely visible lighthouse
projects profitably. The implementation of such innovative
lighthouse projects at old mine sites is often a milestone for

mining communities on their long road to a brighter future. To
improve abilities and skills, the existing network of companies,
universities, government institutions, mining authorities and
research centers can be used. Its members can promote a
transfer of both knowledge and technologies.

In order to competently develop post-mining technolo-
gies and management skills, a sufficient number of experts
and executives have to be qualified in this field. For example,
the TH Georg Agricola University offers a unique master pro-
gram in geoengineering and post-mining to qualify special-
ists who will be able to deal with the challenges [16]. As part
of its activities, the TH Georg Agricola University has estab-
lished a research center for post-mining where new meth-
ods of geoengineering will be developed and tested for a
sustainable management of mining impacts. Both, master
program and research center are supported by the RAG-
Stiftung [17].

Conclusion

Germany will stop producing hard coal at the end of
2018. To find sustainable solutions for the post-mining era,
especially to create good perspectives for the generations to
come, RAG has realized a sustainable development strategy
that includes numerous measures. The experiences RAG has
made and the knowledge the company has gained can be
used in many mining regions all around the world, which tend
to face similar transition processes in the future. To develop
and transfer knowledge and experiences in post-mining, the
TH Georg Agricola University has established a specific mas-
ter program and a research center. Post-mining is sustaina-
ble, it can create values and jobs, and it revives old mine sites
environmentally friendly. There are enormous opportunities of
which we only start to see the beginning!
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REMOTE MONITORING OF ECOLOGICAL STATE
OF DISTURBED LANDS IN THE AREA
OF TROJANOVO OPEN PIT COAL MINE IN BULGARIA

Introduction

Trojanovo Open Pit Mine, Bulgaria is a known coal producer being among the

Currently open pit coal mining has
reached high levels in the Central and East-
ern European countries. In Germany, Poland,
Greece, Czech Republic, Serbia, Bulgaria,
Romania, Bosnia and Herzegovina, there are
53 operating open pit coal mines. Among the
ten largest coal companies in Europe, Tro-
janovo open pit coal mine has been produc-
ing coal since the 1960s in Bulgaria. Mining
activities have brought an immense damage
to natural landscape: total area of disturbed
lands makes 15 thousand hectares. In this

top largest open pit coal mines in Europe. Started its history in the early 1960s, the open pit

coal mine is now the only Bulgarian open pit mine that meets its own needs for power-gener-
ating coal. For the whole period of operation of the mine, the area of disturbed lands has
made 15 thousand hectares. Mining has inflicted a large-scale damage to the natural land-
scape. In this connection, it has become of the theoretical and practical concern to carry out
long-term monitoring of the disturbed land reclamation in the area of the open pit mine.

In recent years, the issues of the mining ecology become in spotlight for researchers on
every continent. At the same time, as the review of the scientific literature shows, the open
pit mining ecology issues have never been studied using resources of the remote sensing of
different duration.

The article presents the results of the analysis of the disturbed land reclamation dy-
namics in the area of Trojanovo open pit mine using the freely accessible information re-
sources of the remote sensing of the Earth.

Key words: open pit coal mine, mining ecology, disturbed land reclamation, overburden
dumps, recovered ecosystems
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