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Abstract

This paper analyzes ecological distribution, with a focus on the socioeconomic and
environmental conflicts generated by coal exploitation in the Sinifana coalfield (SCF), in
Antioquia, Colombia. The methodology incorporated a descriptive approach which focused
on socioeconomic and environmental conflicts, and an analytical approach with a relational
emphasis. The hypothesized relation between socioeconomic and environmental conflicts,
ecological distribution and the Sustainable Development Goals was corroborated. In
conclusion, the main conflict present in the study area surrounds the environmental
unsustainability that derives from informal and illegal mining practices. This causes
countless socioeconomic and environmental conflicts that are impacting the well-being of
people living in the SCF.

Keywords: sustainable development; ecological distribution; ecological-distributive
conflicts; coal exploitation, mining; natural resources.

1. INTRODUCTION

In recent years, coal exploitation in Colombia has intensified, due to increasing natural
resource prices and more demand for energy on the part of developed countries, and
additionally, because of state policies established to attract foreign investors to the
producing countries (Portafolio, 2012, p. 1). Furthermore, new mining projects have been
generated with the goal of exploration and exploitation.

Antioquia’s participation in the total coal production of Colombia represents 0.11% (5.105
tons) and is concentrated at the Sinifana coalfield (SCF), with a production of 2,485 tons
(Amaga Municipality partial data of 2018; Sistema de Informacion Minero Colombiano y
Agencia Nacional de Mineria [SIMCOY], 2018, p. 22). This encompasses a territorial extent
of 236 km2, composed of the municipalities of Amaga, Angeldpolis, Fredonia, Titiribi and
Venecia (Gobernacién de Antioquia, 2007, p. 9).

In the SCF, the type of mining uses tunnels or is subterraneous, which originated in the
1990s and has brought a multitude of conflicts for the populations where the mining
exploitation is practiced, which are not only environmental but social and economic. As
Bebbington argues (2009, p. 24): “The spatial expansion of mining does not happen on
empty land. On the contrary, it happens on already occupied land which is someone else’s
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property, lands that have cultural and historical significance for their inhabitants and lands
that are the source of diverse natural assets that sustain the life strategies of these people.”
Attitudes towards such conflicts have been diverse: “from the state and mining businesses
they have varied between silencing and negation, then passing to the mechanisms of self-
regulation that have been part of the discourse of social corporate responsibility” (De
Echave et al., 2009, p. 18).

Such considerations are the basis of the central theme of this article: the ecological
distribution which is understood as “social, spatial and temporal patterns of access to the
benefits obtained from natural resources and the services provided by the environment as a
system of support” (Martinez-Alier, 2004b, p. 104). This is analyzed using ecological-
distributive conflicts (EDC) generated by coal exploitation, which emerge due to access to
natural resources and environmental services, contamination levels and the incident of
ecological risks (ibid., p. 134).

With attention to the increase of EDCs and as a response to this situation, it was necessary
to trace the EDCs which have existed in the country since the 1990s (a modification of
Colombian Constitutional Policy), with the goal of assessing Sustainable Development
(SD) in the SCF. This approach was undertaken using the theoretical approach of Political
Ecology, which is described as “the study of social conflicts surrounding access to
resources and environmental services and its destruction” (Martinez-Alier, 2004b, p. 106),
and where SD as defined by the Brundtland Commission: “to satisfy the needs of the
present generation without compromising the capacity of future generations to satisfy their
own needs” (1987, p. 24) and by Sachs (2016, p. 26): “sustainable development is a way of
understanding the world as a complex interaction between economic, social, environmental
and political systems.” From a normative perspective, this is articulated through
Sustainable Development Goals (SDGs), which are a point of departure on a global level
for the analysis of sustainability.

To this effect, this article proposes analytical variables that seek to shed light on the study
of coal as a non-renewable service in the ecosystem, which include: Sustainable
Development, Sustainable Development Goals, Ecological Distribution and ecological-
distributive conflicts (see socioeconomic and environmental conflicts).

From the concept of SD, various theories were consulted by authors who have interpreted it
in a variety of ways; for example, Riechmann and Naredo (1995), Pierri (2005), Adams
(1990), Serrano (1997) and Canut (2007), who note that it is a confusing concept, due to the
fact that it separates the environment from development and as such is based only on
economic and social objectives, leaving environmental ones to the side. Within the central
theoretical support is Political Ecology, a discipline which is under construction, which
makes contributions to different disciplines which converge in it. It is appropriate to say
that “Political Ecology is a set of common interests that are studied from perspectives that
originate in both the natural and social sciences, which gives it its interdisciplinary
character” (Durand et al., 2011, p. 8; Palacio, 2006).

Political Ecology opens a space for the study of EDCs, as proposed by Martinez-Alier
(20044, p. 134), which emerge from an unequal ecological distribution and consist of



disputes over contamination levels, the incidence of ecological risk and access to natural
resources and environmental services. As a way to connect the above variables, the
following research question was formulated: What is the takeaway from EDCs emerging
from ecological distribution to sustainable development at the Sinifana coalfield, beginning
in the 1990s?

The hypothesis of this work is that the EDCs being analyzed from the perspective of
ecological distribution contribute to SD in the region. To respond to the foregoing, the
following objectives were formulated: to characterize the ecological distribution in the SCF
based on the concept of socio-ecological system and of the UN’s Millennium Ecosystem
Assessment; to identify EDCs in the SCF and interpret the results of the EDCs articulated
to the SDGs as a way to determine the causes of ecological distribution in the ecosystem
and their incidence in the SD of the region.

The article is structured in the following way: after this introduction, the methodology and
data used to undertake the research are presented. The third section develops the results,
and the fourth section provides a brief discussion of these results, followed by the final
conclusions.

2. METHODOLOGY AND DATA

The practical stage of the research was performed using a descriptive and analytical focus
with a relational emphasis. From a descriptive perspective, EDCs were identified and
characterized insofar as they are associated with ecological distribution in the SCF, while
from a relational analytical perspective, the hypothesized relation between EDCs,
ecological distribution, and SDGs was corroborated. Integrating these two foci allowed for
an understanding of the complexity of studying EDCs, which emerge around coal
exploitation and the impact of SD on the SCF (see figure 1).

Figure 1. Methodological aspects of the research
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To characterize the ecological distribution, the Millennium Ecosystem Assessment (MEA)
was taken as a reference (UN, 2003). This model highlights the interrelation between the
various dimensions that should be taken account: ecosystem services, human well-being,
and the direct and indirect driving factors of change. Furthermore, ecological distribution is
referred to in terms of the socio-ecological dynamic associated with mining activities, and
to the EDCs in terms of environmental benefits (see figure 2).

Figure 2. Approach for characterizing the ecological distribution in the SCF
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Fieldwork was performed in the Amaga municipality. From there a description of
ecological distribution and EDCs was elaborated, structured on the EDCs deriving from the
ecological distribution of the ecosystem, the identification of relationships between EDCs
and transformations of the ecosystem and the human well-being component. Figure 3
shows the actors and institutions which made contributions to the conflicts that are
presented (see Appendix, tables Al and A2).

Figure 3. Environmental service users: actors and institutions
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Interviews and visits were performed in the region of study (Amagéa Municipality), where
the environs were observed wholly and in a direct manner, and participation in local
quotidian life allowed for detailed information regarding the society and its conflicts (see
Appendix). The interviews were done directly with the users of the SCF (see figure 3).

The information was directed towards investigating indicators of interest related to coal
exploitation, in contrast to theoretical deductions concerning the relationship between the
concepts of ecological distribution and EDCs, and to identify explicit relationships
generated from coal exploitation between conflicts and SD from the social, economic and
environmental equilibrium. The EDCs emergent in the SCF were constructed based on the
empirical evidence. In order to consolidate information, testimonials published in the press
and newspapers (see Appendix, table A1) were taken into account, allowing for the
identification of general tendencies in conflicts.

The sample size was made up of different governmental actors and agents, economic
agents, community organizations, and non-governmental organizations (40 interviews were
performed, which are described in the Appendix, table Al).



3. RESULTS
Sustainable Development and the SDGs

The origin of the SD concept can be traced to the 1970s, as Mata argues (2009, 12):
“Sustainable Development emerges as a concept for the first time at the Rome Club in
1972, alluding to existing links between global economic growth and scares natural
resources.” Nonetheless, for authors like Pierri (2005, p. 6), “the introduction of the
environmental crisis in the political arena took place at the end of the 1970s. This was
prompted by a series of scientific reports, and had a decisive urgency at the UN Conference
on the Human Environment which took place in Stockholm, Sweden.”

Nonetheless, the UN proposed the Brundtland Commission, which was presented to the
General Assembly in 1987 in a report titled “Our Common Future,” in which the term SD
was officially coined. This Commission established SD as a policy to be followed and its
definition was taken as a framework for this article: “to satisfy the needs of the present
generation without compromising the capacity of future generations to satisfy their own
needs (Brundtland, 1987, p. 41). It has also been described as “a holistic approach in the
sense that society must pursue economic, social and environmental goals simultaneously”
(Sachs, 2016, p. 20).

Within this framework, a description the EDCs and their influence on SD in the region
under study was performed, with the goal of identifying the satisfaction of human
necessities and the generation of well-being in society, as reflected by access to the benefits
of natural resources and environmental services in the SCF.

Based on the configuration of the 2030 Agenda, there are 17 SDGs represented by 169
goals, which were created as a way to implement actions which facilitate a path towards
attaining SD in different countries. With respect to the SDGs, the UN states that
“knowledge of the 17 Sustainable Development Goals (SDGs) associated with this Agenda
helps to evaluate the point of departure for countries in the region [in this case the
municipalities being studied] and to analyze and formulate the means with which to realize
this new vision of sustainable development [analysis based on the objectives of the SDGs],
which is expressed in a collective way and is reflected in the 2030 Agenda” (ONU, 2018, p.
5).

Each SDG (see figure 4) encompasses a variety of topics (goals that were used as a guide to
identify conflicts), that is to say, each SDG is a world in itself and does not end with the
naming of its purpose, the work of the SDGs is interdependent and each one, with its
positive and negative results, has an effect on the others (INNOVE, 2016).

Figure 4. The 17 Sustainable Development Goals of the Global Development Agenda
2015-2030
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Using this framework, a description of the EDCs is presented and analyzed from the
perspective of ecological distribution and its influence on SD in the region under study,
with the goal of identifying the satisfaction of human needs and the generation of well-
being in the society, based on access to the benefits of natural resources and environmental
services in the SCF and the SDGs economic, social and environmental indicators. The
above approach led to an analysis (using the SDG objectives) of environmental services, in
this case coal, and whether transformations of the ecosystem are being generated
(ecological-distributive conflicts) as a result of human actions (unequal ecological
distribution), that is, if changes have been caused to the components of human well-being.
Such a description within this context allowed for an analysis of the existence of more
sustainable relationships between human being and nature.

The concept of ecological distribution proposed by Martinez-Alier (2004b) does not offer a
detailed theoretical formulation that orients its characteristics and manifestations.
Accordingly, in order to identify indicators that allowed for a characterization of the
ecological distribution in the SCF, certain concepts were traced, leading to the adoption of
the Millennium Ecosystem Assessment (MEA) by the United Nations. This is an
“international program designed to satisfy the needs of those in charge of making decisions
and obtaining information about the links between ecosystem changes and human well-
being” (ONU, 2003, p. 5).

The conclusions from the MEA provide scientific value regarding the condition and
tendency of global ecosystems, the services that they provide and the options available to
restore, conserve and better their usage (ONU, 2003, p. 11). The analysis of indicators
under the MEA provided an assessment that led to a deduction of validity for the present
article, in terms of the categories that constitute it: social, economic and environmental.
Furthermore, it has an explicit consideration of the spatial and temporal context (see figure
5).



Figure 5. Conceptual Framework for the Millennium Ecosystem Assessment
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As can be observed in figure 5, the list of benefits or provisions proposed by the MEA is
diverse, yet, for this research an emphasis was put on provision or supply that “are the
products people aquire from the ecosystem: food, combustibles, fibers, fresh water [energy
resources]” (ONU, 2003, p. 13), where coal mining is taken as an ecosystem service, and as
a finite and non-renewable resource.

Regarding the foregoing considerations and using the MEA, socio-ecological systems
provide a framework for considering ecological and social dimensions in an integrated
manner, in addition to their interrelations (Ostrom, 2009, p. 2). These systems “are
characterized as complex, adaptive systems in which social and ecological components are
linked [...]. The natural system is related to the social system by way of the services
offered by ecosystems, which contribute to the satisfaction of human needs and create well-
being” (Vilardy et al., 2011, p. 19).



That being said, the SCF and its environs are taken as a socio-ecological system, insofar as
it “integrates nature, the use made of her, society and institutions as a whole that interacts in
a dynamic way in time and space” (Vilardy et al., 2011, p. 19). For knowledge of the socio-
ecological system (see figure 6) and its dynamics, the relationships between the society and
its environment were analyzed. In turn, this information “makes possible a reconstruction
of the processes which generated environmental [economic] problems, and to identify
patterns of changes and adaptive responses the system has to these changes, which
facilitates the analysis of possible future answers” (Walker et al., 2004; Berkes et al., 2003;
Gonzélez et al., 2008 cited in Vilardy and Renén (2011, p. 109)).

Figure 6. Socio-ecological System
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As a result of the analysis, all of the ecological distribution composition in the SCF was
deducted, and the relationship of the social system to the natural system was defined; that
is, the dynamic interaction of ecosystems with human populations and the result of human
actions, that “on one hand, act to drive transformations of ecosystems [unequal ecological
distribution] and, on the other hand, modifications in ecosystems provoke changes in the
distinct components of human well-being [sustainable development]” (Vilardy et al., 2011,
p. 49). These aspects of human well-being are associated with “the concept of necessities,
in particular essential necessities that the poor should grant top priority” (Brundtland, 1987,
p. 67). To analyze the EDCs, Martinez-Alier’s definition was used: “conflicts that emerge
from an unequal ecological distribution or upon the worsening of ecological distribution
[...]”, which manifests as a common theme, as the study of social conflicts related to access
to resources and environmental services, and its destruction (Martinez-Alier, 2001, p. 1). In
this vein, Lamberti (2010, p. 307) argues that “these conflicts also involve assessment
languages, and as such cannot be studied only from economic theory, which is why it is
necessary to share interdisciplinary perspectives like Political Ecology.”



Political Ecology offers a holistic look at environmental conflicts, where distinct actors
have different interests, values, cultures and knowledge, and who have or can use distinct
languages of assessment (Martinez-Alier, 2009, p. 8). Within this framework, Fisher et al.,
cited by Vilardy et al. (2011, p. 49) note that “the ecosystem services are benefits that the
ecosystem provides which contribute to human well-being, which can be used actively or
passively.” The way that these services are used affects human well-being in a variety of
ways (ONU, 2003, p. 13) and the SCF, as an ecosystem, provides a range of benefits to
human well-being. According to the above approach, the relationship between the different
variables can be derived (see figure 7).

Figure 7. Relationship between direct and indirect impacts, ecological-distributive conflicts
and human well-being for SD
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Ecological distribution and environmental services in the SCF

As regards figure 7, the study was based on supplying services (coal), with an emphasis on
the Amaga and Titiribi municipalities, which had 16.001 and 84.229 tons of carbon
production in 2017, respectively (SIMCO, 2017). This means that coal should be
considered the main economic activity in these places, in addition to causing the biggest
changes based in the ecosystem (see Appendix). Coal exploitation is the most important
source of economic income for the inhabitants of the coalfield, and the majority of family



income comes from this activity. It is for this reason that in recent years, the increase in
coal mines being built has been directly linked to the current internal and national demand
for the mineral, as well as to scarce geological knowledge (see Appendix). This coal
exploitation, as an environmental service, is interwoven with other services that the
ecosystem supplies.

Among other productive activities which are environmental benefits provided by the SCF,
agricultural production should be highlighted (see table 1); yet, in the Amaga municipality
coal production currently exceeds coffee farming, which has been the source of economic
conflicts generated by the lack of land available for farming, the deterioration of soil and
the recreational use of property (see Appendix). An alternative to coffee farming is banana
farming, as well as avocado and orange cultivation in smaller proportions, which are found
to be isolated given their little commercial importance (see table 1). Agricultural, livestock,
and forest production (BIRD, 2011) as environmental services have seen decreasing
participation as economic activities, given the preference of the inhabitants to work in coal
exploitation (Amaga and Angeldpolis), which is expressed by the mayors, who argue that
the greatest economic livelihood of the municipalities’ families comes from coal
exploitation (see Appendix).



Table 1. Provision and supply of the coalfields

Fcosystem Area Producer
SErVices municipalities
Food production  Agricultural (offes Muormed orea of 6.751 hectores, representing 5.5% of the Antioquin province. Fredania
roduction
d Bunano The banana forming orea is 2.718 hectores, representing close fo 16% of the provinee’s  Fredonia supplies 70%
total area.
Mocado The southwest parficipates in the tofol aren of the provine with 29% hectores dedicated — Fredonia and Venecia
to this product.
Omange The total farmed oren is 1,979 hectares. Venecia and Fredonia
Livestock Cattle roising ~ This is the main livestock uctivity in the region, followed by pigfurming. The predominont  Venecio
production type of exploitation in the region is meot, with 68.8%, followed by double purpose

activities with 21.2%, and milk production, with 10%. This aciivity is more and more
important in the coolfield, with the Venacia municipality being the biggest producer.

Pigforming  This is the second ureq of livestock production in economic importance ond with the most  Amagd, Titiribi
development in tha region.

Minulture Poultry exploitation in this region has o 24% porticipotion rute within the whole provincs.  Amagd, Tifiribi

Pisciculiure ~ There are approximately 362 ponds in an area of 40,200 m2. Fredonio
Fonest related Forest production  Forestry Forestry production does not represent o significont usage of the kond. The tofol forested ~ Amagd and Titiribi
aren & 4,724 hectares, which represent 57.5% of the total planted area of the province.
Frash wter Woter forhuman ~ Fresh and Fresh and potable water supply. Amagd, Titiribi, Fredonia,
provision consumption potable water Venecio
Energy Mining exploitation  Coal Approvimately 720 km2 total of the coal zone in the southwest pertains fo the Sinfond ~ Amagd approximately 79%.
[850UNES gorge coalfield Fredonio ond Venecio 8.1%.

Source: BIRD Antioguia (2011) and Corantioguia (2007). Prepared by the author.

The unequal appropriation and use of environmental services generates environmental
conflicts which are associated with damages to the soil’s surface and to vegetation, which
cause the emission of particles into the atmosphere when blasting (Najera et al., 2011),
decreasing water quality is found in the level of negative nature and mean impact
(Corantioquia, 2007), caused by practical deficiencies of illegal and informal or traditional
mining, which increases constantly, according to the National Association of Industries
(ANDI, 2010), which states that “in environmental terms, the biggest problem is associated
with unsustainable illegal mining practices” (see Appendix).

The above originates in the discharging of acid water, and the high solid content which
when dumped without being treated come to affect the fauna that lives in the water bodies
where they end up (Corantioquia, 2007, p. 125). On a temporal scale, these environmental
effects are taken advantage of on short, medium and long terms, depending on the type of
ecosystem service. On a spatial scale, usage is local, given that such services are present in
the same region. Distribution of benefits is differential and provokes changes in different
aspects of human well-being.



As a way to describe ecological distribution, drivers of change were defined as the factors
that alter an ecosystem; these drivers are important in determining the origin of
transformations which the ecosystem is suffering. That is, it allows for establishing which
are the EDCs that are causing changes to the ecosystem and are thus direct drivers that
influence ecosystem processes and the indirect drivers that it uses, changing one or more
direct drivers. Direct drivers, like indirect ones, generally operate synergistically (ONU,
2003, p. 22). The interaction between some of these drivers affect resource consumption
levels, and the society’s participation in consumption. Below, the main drivers of change
present in the SCF are described, and the spatial scale on which they are developed (see

table 2).

Table 2. Direct and indirect drivers of change. Type: provision or supply

Drivers Description Spoce
Demographic ~ The SCF population has been increasing. For the intercensal growth Regarding population density, the Amagd
- population rate, the overoge population went from 19851993 t0 19932005 municipality has the highest dansity with
growth of 0.30 to 0.38%, respectively, in the five municipalities. There is o fotal of 338 inhabitants per km®. This
also a migratory population that moves between diffarant mines in is followed by Angeldpolis and Venecin
the region, which has meant a large concentration of the population it 95 km. In addition fo the local
in aregs where thers is more coal exploitation, in this cose the Amagd  scale, this & also present ot o national
municipality. and internafional level.
Economic-coal ~ With the tendency explicated here towards coal exploitation ot an International, notional and loal.
mining boom  infernational level, this has incrensed for three reasons: a) Energy
demand originating in developed countries ond some developing ones;
b) Fovorability of imternational conl prces; ¢) Benefits of axploitation
for producer countries.
llegal mining over-exploitation. International and all of the coaffield in
Sinifand.
Coal prices and the conl markst. Imternational, national and loal.
Sociopolitical ~ Environmantal legislation and internafional and nafional mining. International and national.
Mocroeconamic policies related to notural resource exploitation. Al of national teritary.
Sail Soil degrodation due to foctors of minfall and inodequate soil usage.  All of the Sinifand walfield.
degrodation
Production systems of an extensive livestock type. Al of the Sinifand coalfield.
Water Due to mining practices ond @ lack of contral over llegal mining In Amagd, whera the largest conl
confamination  exploitation, there is on incrense in water confomination that feeds the  exploitation is found.

hydragraphic field of Sinfand.

Source: prepared by the author based on data from primary sources (see Appendix) and Coranfioquia (2007).



Table 2 demonstrates that transformations exist that affect the ecosystem and are
established as drivers: population growth, energy demand, international coal prices,
environmental and mining regulations, and macroeconomic policies, among others. These
drivers deduce the key indicators that are the basis of the EDCs that affect access, usage or
appropriation of the benefits provided by natural resources and environmental services,
adding to the changes caused by human actions that are reflected through soil degradation
and water contamination.

Below, the EDCs that are derived from ecological inequality in provision and supply to the
SCF are described.

Coal mining and EDCs

As a result of the analysis of provision and supply for the SCF, drivers and empirical
evidence (see Appendix), the EDCs that emerge are the following:

Socioeconomic conflicts

In table 3, users classify them as having greater relevance for the problem present in the
SCF (see Appendix).



Table 3. Socioeconomic and environmental type conflicts in the SCF

Medium Conflicts emergent Environmental problems Source of impact
affected in the coatfield in coal mining
Physical-biotic — Decreasing air quality. Fugitive parficle emissions. — Comntioquin (2006).
Gos emissions. — Anfioquin Government
— Decrensing water quality. Physicakchemical contomination (2007).
~— Changes in dinoge.
— Poor manogement of residual water.
— Inodequate residue disposal. Biological ond organic material contomination.
~ Poor stte of existing oqueduct ond sewage networks.  Obstruction of naturdl fields.
— Hydraulic contomination: water not fit for human Coniribution of sedimants to currents
consumption.
— Changes in edaphic chamcteristics Changes in physical-chemical properties.
~ Soil subsidence ond instability.
— Soil confomination and degrodation.
= Changes in seil usoge towards subdivisions and Subsidence.
inodaquate soil usoge
— Erosive processes: soil degrodation. Loss of omganic and inorganic loyer.
~ Activation of erosive processes. Tres logging.
—Tree logging and loss of vegetation cover. Reduction of vegetation cover.
Physical-biotic — Mlteration of hobitats and river ecosystems. Habitat alreration.
Socioeconomic = Increosed employment rute and effect on other Job creation. — Coontioquin (2006).
acfivities. — Testimonias, 2012.
— Decrensed livestock ond ogriavhural production.
~ Incregsed income. Increased income levels.
— Mecessity of generating income for fomily subsistence.
— Coal intermediation,/commercial zation chain, Commercialization of codl.
— Deterioration of ergonomic ond health conditions. Higher risk of accidents. — Administrotive Depariment
— Incrensed risk of accidents, due to noncamplionce with _ i::ﬁggg:g:ﬁ '
sofety requlations ond industrial hygiene. festimany.

— Luck of applying mining regulations, regarding
fufillment of commitments to social security.

— Lock of attention by govemmental entities and deficient
portrayal of mining regulations to small scale miners.

— Lock of support regording policy formation for
wulnerable groups (children, women and seniors) on the
port of the State.

— Deficient health, education, household ond public
Services.

— Comntioquin (2004).

Bosic neds of the popultion.

Source: Testimonies (Appendix) and Corantioquin (2006, 2007), Deportamento Administrofive de Planeacion (2012).



A decisive conflict can be verified by the necessity to earn economic income without taking
into account social and mining security in processes of exploitation, that is, when life
protection moves to the background. According to testimonies by community members (see
Appendix): “Unfortunately there is still not awareness in the municipality about mining
security, which means that miners are being worked with so that they organize, legalize and
comply with regulations on mining security”’; followed by the testimony: “security
conditions in the municipality’s coal mines are very diverse, and great risks persist in the
exploitation of these minerals, especially for a large number of tunnels and mines that are
still being informally worked in.”

In addition to the above, mining exploitation does not coincide with good practices towards
the environment and life, given that tradition and ancestral forms of exploitation have a
greater weight and value than any other practice (see Appendix). The environment is new
for the mine owners and miners, and is a new preoccupation. Accordingly, it is not yet
within their priorities, as expressed by a mine worker (see Appendix): “Our mining is not
very sophisticated, but we are working with good assemblies, the mines have their lamps,
so it’s not with candles anymore. There are less accidents than before. We have failed in
some things, but now we are trying to do things the right way.” Added to these conflicts,
miner actors (see Appendix) find the following to exist:

o Lack of mining and environmental regulations implementation, noncompliance with
social security-related obligations, according to the Miner Security and Rescue
Directorate: “There is a mistake in the ordinance’s interpretation. The norm
prohibits women from working underground, but not outside the mine, where they
can perform any type of activity. Furthermore, the ordinance says that women can
only work under direction and supervision, which refers to those who eventually
develop their work in the tunnels, like the engineers and security professionals.”

o Lack of mining and environmental regulations implementation, security and
industrial hygiene, according to a mine worker: “The Amaga Municipality has
fought to end illegal mining through monitoring and training with SENA. The
problem is that it is difficult to deter underage minors, especially when they are
dying from hunger. The gurreras are more dangerous due to poor maintenance and
the lack of safeguards provided to the workers.”

« Small scale miners are not attended to by governmental entities, according to a
lawyer specializing in mining: “Colombian law eliminates differences between
different mining modalities, putting them under the same conditions; a new plan
was determined using the figure of concession, including in Special Mining Reserve
areas, and its authority was transferred to Municipalities and Provinces.”

Environmental conflicts

To complement the map of conflicts in the region, the EDCs of an environmental nature
were presented (see table 3), allowing for a recognition of the consequences through



environmental damages of a greater magnitude. These conflicts impact water, air and soil to
a greater degree. According to the ANDI:

In environmental matters the biggest problem is associated with illegal mining and its
unsustainable practices; an evident line of questioning is the impossibility in some cases
and negligence in others, of many regional environmental authorities, with respect to illegal
mining, making it necessary to open the debate on structure, formation of executive boards,
requirements, functions and reporting systems.

Accordingly, Corantioquia (the governmental environmental organism) and the Antioquia
government identify the biggest environmental problems (see table 3) as the following:
worsening air and water quality, inadequate residue disposal, change in soil characteristics,
soil subsidence and instability. This is in agreement with a professor at the University of
Antioquia (see Appendix), who states that: “Today miners who, despite not being formal
workers and being considered illegal, are advancing the betterment of the measurement
system and gas control. The slide hammer technique is impacted the most by the use of
combustibles, but is the most competitive.”

On a spatial scale, where changes that originate in the ecosystem also originate on a local
scale, they have impacts on environmental services (described previously as agricultural
and livestock production, forest loss, and availability of water fit for human consumption),
according to a community member (see Appendix): “All of life revolves around mining.
We have no other destination than to go to the little hole (the mine), in agriculture there is
nothing to do, to bring food home [...].”

EDCs and SDGs

After having analyzed the EDCs deriving from unequal ecological distribution, the goals
and global indicators of SDGs were corroborated, and it was determined that the SDGs (1,
2,3,4,5,6,8,10, 11, 12, 13, 15) would articulate with the conflicts. In table 3 it is
demonstrated that on the basis of the conflicts generated by mining exploitation, the SDGs
are not complied with. In particular, these conflicts include:

o Lack of mining and environmental regulations implementation, as well as that of
security and industrial hygiene. This conflict makes it impossible to fulfill SDG 1
“End Poverty” and 8 “Decent work and economic growth,” given that it does not
guarantee the coverage of social protection for the poor and vulnerable, nor does it
guarantee access to economic resources and basic services for the population of the
SCF, according to goal 8.8. “To protect labor rights and promote a safe work
environment without risks for all workers, including migrant workers, especially
women migrants and people with precarious jobs” (see table 4).

« Small scale miners are not accompanied by governmental entities, a conflict which
prevents compliance with SDG 8 “Decent work and economic growth,” since the
State does not guarantee a safe and protected work environment for the region’s
miners (see table 4). According to goal 8.5, “From now until 2030, to achieve full



and productive employment and decent work for all women and men, including
young people and people with disabilities, in addition to equal pay for work of equal
value.”

The necessity to generate income for family subsistence, a conflict which prevents
fulfillment of SDG 10 “Reducing inequalities,” and which establishes that there is
an income increase in the poorest population of the region of study (see table 4).
According to goal 10.2, “From now until 2030, to enhance and promote social,
economic and political inclusion of all people, independently of age, sex, disability,
race, ethnicity, origin, religion, economic situation or other condition.”
Environmental problems include decreasing air and water quality, inadequate
residue disposal, changes in soil characteristics, soil subsidence and instability,
which prevents fulfillment of SDG 3 “Health and well-being” which establishes that
contamination of water, air and soil should be avoided. SDG 6 “Clean water and
sanitation” presents an efficient use of water resources in all sectors, and SDG 15
“Life of Land Ecosystems,” which is directed towards conservation and the
reestablishing and use of land ecosystems (see table 4).



Table 4. Ecologicakdistributive conflicts and the SDGs

S

Issues

Conflicts

Sources

1. Poverty — Coverage of social protection systems for the
poor and wuherable.
~ Guorontee access to economic resources and

to basic services.

8. Decent work and
soonomic growih

2. Temw hunger —Food sacurity.
— Resilient agricultural pracices.
— Investment which increases agriaulfural produe-

fion capacity.

3. Heclth and wellbeing —End epidemics, including AIDS, tuberculosis,
malaria and neglected tropical diseases.
—Prevention and trentment for addictive subs-
tance obuse.
— Universal sanitation coverage.
— hir, water and sail contomination.

5. Gender —End all forms of discimination.
equality — Eliminate all forms of violence ogainst women
ond girls.
— Promate shared responsibility in the household
ond family.
— Full and effective porticipation of women
6. Clean water — Universal and equitable access to potable wo-

ond sanitation tar and sanitation and hygiane ssrvices.
— Water contumination by dumping and disposal
of materials and dangerous chemical products.

— Efficient usoge of water resources in all sectors.

The SCF population has been increasing. The intercensal overage rate of population growth between 1985-
1993 and 1993-2005 went from 0.30 fo 0.38% respectively in five municipalifies (last census 2005), and
o fofl populufion of 44,481 inhabitunts (Anfioquia Stafistical Yearbook, 2016). There is also o migratory
population that moves between different mines in the region, which has meont a lurge concentrofion of the
papulation in areas where there is more coal exploitation, in this case the Amagd and Titiribi municipalifies.
Lack of mining regulutions implementation, in terms of complionce fo obligations related to social security
(health and pansions).

Mining is the main source of income for fomily subsistence.

Security in the Sinifond coolfield is offected by chonges produced in srvironmental sarvices supply, which then
offect provisions of food ond other goods for the region’s inhabitonts. In the region there is more use of cool
exploifation, 1 service which fangles with agriculiural and livestock production which has been decreasing.

Miners that work in illegal ond informal mining, which form the mojority, do not have o health membership.
This indicates that they are working at the risk of ocquiring illnesses or lesions and without adequate heakh

— Antioquin Statistical Yearbook
(2016).

— DANE, Census (2005).
Testimonies -Appendix 1,
table A1

— hitp://'www.corponor.gov.o
— Sontander Northern Regional

insurance. This problem is closely related to supply services, insafor as oceass to coal expl

There is o decraase in i quolity, emerging due to taxic gosses issued by conl exploitation in the region, and
which couse many miners, in addition to people close to the mines, respiratory llnesses which decrease their
quality of life.

Within mining culture there are problems of aleoholism, drug oddiction, prostitution, single mothers, poverty,
unemployment, emvironmental education, gambling, and scorce recreation.

Soil and subsoil: changes in soil characteristics, soil subsidence and instability, contamination and degrodation
of soil, change in soil vse towands subdivisions and inoppropriete usoge of soil and erosive processes: soil
degradation.

Insufficient State formulation of mining regulations (Mining Code), in which wulnerable groups are not inchided
(women, children, seniors).

Currently there is high woter contomination, generated primarily by coal exploitation, which dischorges toxic
waste info water sources, causing water contamination in rivers. Accordingly, quolity of Iife decreoses in terms
of aceess to water os o source of life. Affecting other environmental services like water supply, which affect
material wel-being ond the healih of people living in the area.

Water confominafion couses: decrensing water quality; drainoge changes; inadequate residve disposal; poor
state of existing aqueduct ond drainage netwarks. Woter contominotion: water not fit for human consumption.
This unequal appropriation and use of envirenmental services generates environmental conflicts associated with
damage to the soil surface and vegetation, os well os generating particle emissions to the ctmosphere when
blasting. Decrasing water quality is found to be in the level of negative nature ond medium impact. Itis com-
mon for mining Bocomings are located ot the lowest points of the termin, with the goal of maximizing coverage
by excavations, thus making sterile dumps located in low zones where notural draining or water channels are
usually locoted, obstructing them and constituting potential risks for growing avenues in obstructed channels,
ond the permanent source of sediment brought to water channels with oll of the environmental damages that
this implies. Accordingly | degradation present in the region, two fundomental problems are
highlighted: those related to solid and woter, which couse ransformations and important changes within the
ecosystem.

A Corporation.

— htp://www.upme.gov.co/
guia_ombientol /zatbon/ - Energy
Mining Planning Urit.

= Corantioquio - Autonomous
Corporation of Anfioquia.

— Najern (2011).
— Coranticquia (2017).

e

Issves

Conflicts

Sources

4. Quality education — Economic productivity, efficient resource pro-
duciion and consumption.

— Employability of youth.

— Forced lobor.

— Lobor rights.

—Safe and protected work environment.

— Educotion for Sustoinable Development ond
udoption of sustainable ifestyles

8. Decent work and
emnomic growih

10. Reducing
inequalities

—Growth of income for the poorest 40% of the
population.

—Socidl, economic ond political indusion for all
people.

—Eliminating discriminatory kows, policies and
practices.

11. Sustoinable cifies
ond communities

— Reeass to housing, bosic services and odequa-
te fransportation services.

12. Responsibl — Sustainabh ond efficient use of
production and notural resources.
consumption — Sustainable business practices and sustainabi-

lity reports.
— Broader pertinent information and knowledge
for sustainable development.

13. Climate action —Resilience and the capacity for odoptation to
tisks related to the cimate ond naoturl disas-

ters.

15. land ecosystem lifes — Conservotion, restoration  and  sustainable
use of forests, wetlonds, mountains and arid
zones, degraded forests, forestation and refo-
restation.

The Mining Code does not differentiote between lorge-scale and smaltscole mining, o lack of differentiation
which con hide or exacerbate environmental problems. This unequal occess to sarvices supplies by the ecosys-
tem mises the well-being of small segments of the population, in this cose the large-scale mining, which are
those whe have the capital imporiont o comply with regulations established by the Colombian state, leaving fo
one side o considercble percentage of miners, whose bad practices ore increasing environmental problems with
the excessive use of conl as an ecosystem servica is jeopordizing its future ovailobility.

The ecosystem presents various environmental problems, due to cool exploitation in an infensive form and
without any compliance to envionmental and mining regulotions (Testimonies, 2018). On one hand, cer
tified mining businesses sfill do not hove o consolidated Environmental Manogement Plon, ond only fulfill
the minimum requitements. On the other hand, increasing uncertified mining does not follow the minimum
environmental requlations required by the State, like the Environment Management Plan (Mining Code) to
solicit the mining cerfification (fieldwork, 2012).

Lack of implementation of mining requlations on the part of smalkscale mining, regurding the fulfilment of
obligations related fo social security.

Increase risk of accidents, due to norfulfillment of security and industriol hygiens regulation, on the part of
informal ond illagal mines.

Lack of attention to smalkscale mining by governmental enities, and deficient formulation of mining regulo-
tions, which do not include smollscale mining.

Lack of mining regulation implementation, in ferms of sewrity and industrial hygiene.

As o social organization, the coalfield hos seen structural changes in recent decodes. This is because the region
comes with on ancestal structure of coal exploitation, os a main source of income, and all conflicts that hove
been exacerbated have covsed chonges in the family stucture. Family incomes ore based on the head of the
household, now women and children are prepared for mining becouse they need economic resources in order
to sustain their families. Mining, with its isks, moy leave them without o father, with an invalid father, ogeing
ond without social security (fisldwork, 2012); occordingly, the disintegration of the nuclear family is increasing.

Deficiert services for health, education, housing and public services.

Mineral extraction is primarily performed monually and in many mines in an ortisanal way, only 13% of mining
units employ resources for technification and better their productive processes. Few conl exploitation mining
units are recognized with appropiinte technological development. This indicates thot each mining business
makes the necessary investments for operation, which allows them to work under odequate conditions. Accor-
dingly, one con conclude that mining exploitation is still performed primarily in empirical form, aditional mining
fworkers and worker descendents who leom the trade by necessity ond proximity to mining developments),
in the cose of informal mining. For formal mining, efforts are made to make the necessary investments for
mine operation. Thus, the lack of technology can increase degrodation of the envirenmentol services supplisd
by the ecosystem.

Environmentol problems generated by mining on o globol scale influence climate change, which moy manifest in
u period of one or more decades, hoving effecs on global dimate change, the azone loyer, loss of biodiversity,
ond increosing corbon dioxide concantrations, ameng ethers.

Water resources are insufficient, shows deficiencies in terms of quolity and quantity, such os: dispesal of
domestic residual water, deforestotion in productive zones and naturol forests, invasion of flood plains in rivers
ond gorges, sedimentation in channels and chloride discharge, sulfates, nitrotes, water sources, poor residual
water management, coused by mining practices. Vegetfion: octivating erosive processes, free logging and the
loss of vegetation, hobitat alteration and marine scosystems.

— Mining Code.
— Testimories (2018), Appendix
1, table AT.

Testimonies (2018), Appendix 1,
tabla AT,

Testimonies (2018), Appendix 1.
Antioquin Stotistical Yeorbook
(2016).

Testimonies (2018), Appendix 1.

(Antioquia Government, 2011h,
p34).

Comonfioquio - Autonomous
Corporation of Anfioquia.

Source: prepared by the author based on ONU.



In summary, the EDCs generated by coal exploitation do not allow for fulfillment of the
central SDGs, which are SDG 1 “Ending poverty” in the case of socioeconomic conflicts,
and SDG 13 “Climate action,” due to environmental conflicts.

4. DISCUSSION
Ecological distribution as an object of study

Table 5 demonstrates changes and transformations (unequal ecological distribution) that are
present in the ecosystem, where coal exploitation in the coalfield is an environmental
service easily accessible to inhabitants, and which is currently the primary economic
activity generating income for family subsistence. However, security in the SCF is affected
by the changes that are caused by other environmental supply services such as food.
Additionally, mining activity is performed with the risk of developing illnesses or lesions
and without having adequate health insurance.

Table 5. Provision services that supply the SCF and ifs connections o human welkheing

Clobal

Ragional Indlrect drivers of changa

Loal Human well-baing
Minimum material goods for o good lifa. Coal axploitafion n the Sinfond coatfisll bas bean prasant for around 200 years, and is an ancestral sccromic activiby which tha inhobitants of the
araa arry in their veins. Acoordingly, it i whichi itk or the coalfiahl’s inhabitants. It i currently the main source of incame for family subsistence. In famns
of ather provision sarvioss, ke ogricutiural ond liwastock production, hoe been dm:ng, which couses o risk for nocass to besic goods for o good ife, in this mss fod.
Health. Socinl Swcurity Systam Afflation: miners that work in legul or informal mining, which fomm: the roajurity, havs no heatth affliation. This indicntes that they ora working at risk of ilnesses
or lesions, with no odequata health insurance. This s is dosely rekated to provision sarvices, in tamns of ouoess fo coal exploihation.
‘Water quukty: Comently thea s high water contumiration, gerseuted mosthy by conl axploiiation, that dmp faxic waste in woter souwces, cousing comorination of fiver water. Accordingly, quakty
of lifa deransas, o water is o source of lifa.
Air quality: nir quakity is worsaning, us o consequance of tuxic gusses issued by coal axploihation in tha regian, this being axused bth by mining and by people dose to mines, espiaory finessas
dininish quality of Ifa.
Sfaty. Safuty ot the Sinfand ooaffield is offected by changas in proviiondl envirormantul senvices, sincs food supplies and ather goods used by the regions inhabitunts e offected. Simikrly
with tha inreased usa in coal axploitution, o senvica which dashes with agricultural and livestock production, which has besn dacrausing. Other amirormental sanvices e dlso offeced, lka the
water supphy, which then affects material and health welkbeing of peopls iing in the aren.
Technology: Minercl sxtraction i mestly done manually, and in many mins vith arisanal methods, with only 13% of miniveg units amphey resources for techniication and better ther prductive
processes. Few conl axplaittion mining units are recogrized with approprints tachnologicd development. This idicates that eih mining business makes the recassary imvestments for aperdfion,
which ollows them to work under adaquate condifiors. Accordingly, one can condude that mining exploitution is still performed primarily in empirical fam, trctional mining (werkars and workse

il senvica

—

-

1. Demographic — population growth: The SCF population bas baen incuasing. For the
bercensal growth e, the avemge populntion went fiom 19851993 to 19932005 of
0.30 to 0.38%, respactivedy, in the i munidpaities. Thera is olso o migiatory populafion
that rooes batwsen dffarant mines in the region, which has meant o lorga conceniafion
of the papulation in arazs whera thera & rora ool exploitafion, in this ase the Amogd
municipality.
1. Economic - coal m]n]ng boom: 'N‘rlh the tendenq aq:lmbd ham towards cod
keitation at an it al |, i 1 for thres reasons: —Energy demand
jnafi foping oncs. —Favomtility of intemational

i

indaveloped countries and soma

wd pnms Benas o axplaiition forprodm countis. In addanfo fher foctors:
—Hlega mining over-asphoiafion. —Col picas and the cod Foorkat.

3 Saciapolifical: Fdemational and rafiond emdronmental and mining legislation.
—Macraconoric polides relaed fo noturdl rescurcs axploitafion.

Direct drivers of chamge

1.5ail ond subsaoil: —Changes n soil chamcteristics. —Soi subsidence and instalility.
—CnrrTnmlmhnn und degradafion of soil. —Changes in sod uso towards subdvisions ond

descendants wha leam the troda by necassity and proimity 1o mining devekpmants), in tha cass of informal mining. For farmal mining, effarts nre mada to rnka the necessary i for
mina opetion.

Social ory J 0 fomn of social enganization, the coatfield hes wjas in racent decades. This is becouss the ragion comeswith an ancestral stuctura of coal axplotafion,
a5 0 main sourca of inocens, ond allcorficts that have been axocsrhated have cousad changes in th forniy stucture. Family inc omas ans based on the head of the housahold, now woman ond
chiliran are prepared for mining becauss they nesd econoric resources in ards to sustain thedr families. Mining, with its isks, may leave: them without o father, with an invalid futher, ngeing ard
without social sequrity (Feldwork, 2012); accordingly, the disintegpation of the nucleer fomiy is increasing.

Insfitufions: In tams of amvirnmantal and rining lagidation and emeranmental and mining manogemant, benafits to human wel-being ars not outomatic, nor are they distibuted squdly. The
Ninirg (ode does not differertiots betwozn loge-scale and smalkscale mining, o lodk of differentintion which am hide or exncerbee amvinnmendal problams. This waqual ocsss to servias

supples by the acosystem roisas the welkbeirg of small ssqmants of tha population, in this case: the lame-scoks raining, which o thesa who e the copitul importark to comply with requlations

PR

-

astubished by the Lokmbion stute, leaving to one side o considsmble persrings of miners, whoss bad proctices ara incremsing smirmental oblams with the excessive. wse of cod @ an

eunsyshem sanvica & feopardizig its fuure menilobiing

Tppro o of sail. —Ershva processe: sof dagmdation.
‘2. Water: —Decrsnsing watur qualty —vainage changes. —Mishanding of residual wakr.
—Inodequate residue disposal. —Poor stute of existing aqueduct and drinage natworks.

—Water comorrination: water notfitfor human coreumption.

'

Ecosystem services "Sinifand conlfield™

Provision and supply: Food production, related to forasts, supphy of frash water and aneegy
resources — coal. Agicultuml, livestock and forest producfion as envicermentl sarvices
e decremsed in production ond participation o5 an sconoemic actity, given habiimts”
paferercn to work in cool exphitation, espadly in the Amagi and Angelipols
municipalifies, whers maycrs axprass that the large part of family aconorvias ara sustuined
by coal wploiation for the pacple who livs in these municipalifies

Source: prepared by the author based on UN (2003).



As a consequence, environmental services provided by the ecosystem, and what people
expect from it, were elaborated on. This made it possible to highlight coal exploitation as
the principal economic activity among the region’s inhabitants. Similarly, it reveals the way
human well-being has multiple components, including the minimum material goods
required for a good life, health, security, technology, social organization and institutions.
Human intervention in the ecosystem can affect benefits to society, and are given through
indirect drivers, which in the case of the coalfield are caused by demographic growth, the
coal mining boom —the overexploitation of illegal and informal mining—and Colombian
environmental and mining legislation.

EDCs as a central dilemma

From a holistic perspective, EDCs were identified as unleashing social and economic
conflicts which go against SD in the region. This makes possible the deduction that within
the reach of EDCs, two major limitations exist: small scale mining —informal or
traditional—, which is done based on coal exploitation without any fulfillment of technical
and environmental requirements; and coal exploitation as an economic activity upheld by
the inhabitants with a strong tradition and set of customs, and which is considered the main
source of income.

Seen from different interests, or assessment languages, it is difficult for miners to stop
working with coal, given that their main concern is survival and the generation of economic
resources. Accordingly, it becomes difficult for miners to resolve these conflicts. Until
these differences are resolved, then, new conflicts based on bad mining practices will
continue to arise, and the well-being of future generations will be damaged as a
consequence.

5. CONCLUSIONS

« Based on environmental services, transformations are being generated in the
ecosystem, as a result of human actions (unequal ecological distribution). These
changes derived from EDCs present in the region are for the most part caused by
mining regulations, in addition to the necessity of miners to obtain better economic
income.

« The biggest conflict in the region of study is associated with environmental
unsustainability, deriving from illegal and informal mining practices, which has
caused a multitude of EDCs, in turn impacting the well-being of people living in the
SCF. Additionally, this conflict is continually exacerbated due to little control and
monitoring of mining practices in the region by local and national authorities.

e Quality of life for the region’s inhabitants is detrimental to human well-being, as a
result of EDCs caused by coal exploitation, and evidenced by the lack of SDG
fulfillment. This points to the conclusion that SD in the region is decreasing, due to
the fact that the goals agreed upon in the SDG Agenda 2030 are not met.



e Human well-being in the SCF can increase by way of sustainable interactions
between humans and the ecosystem, that is, relationships backed by efficient
management instruments and control over mining and environmental regulations,
regulations and coherent norms for coal mining activity and the interests of society,
and by taking into account small and medium scale miners in the region.

« Human interactions can be achieved using participatory, flexible and transparent
processes between people who use the ecosystem’s services, which contribute to the
strengthening of economic, social and ecological security for the region. In other
words, “security [...], that has a minimum level of supply [...] necessary to
guarantee a sustainable flow of services provided by the ecosystem” (ONU, 2003, p.
11). All of this should be steered towards the achievement of a SD which aims to
construct a region with better economic progress, where extreme poverty is
decreased or eliminated, where there is social trust in mining policies that are
oriented towards the community’s well-being, and where the environment is
protected from bad mining practices.
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Table A1. Testimonies from actors related to the SCF
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Table A2. Testimonies from actors related to the SCF (description of conflicts)

Conflict Conflict Number of
nvmber responses
| Luck of adherence fo mining and ervironmental regulations, in terms of nor-complionce with 10

obligations related to social seaurity.

2 Lack of adherence fo mining and emvironmental requlations, in terms of sofety and industrial 13
hygiena.

3 Need to generate income for family subsistence. B

4 Decrease in livestock and agriculture production. 3

5 Deficient health services, education, housing and public services. i

b Intermediation chain,/ coal commercialization. 4

7 Deficient formulation of mining regulations, in that they do not include winerable groups 3

(women, children, the elderly).

8 Lack of backing on smalkscale mining by governmental entities. 11

Source: prepared by the outhor.



