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ABSTRACT

A SUSTAINABILITY ASSESSMENT FRAM EWORK FOR EVALUATION
OF COAL MI NI NG SECTOR -ERBITANSCOANBAAIR Kk | N
WITH A SPECIAL EMPHASIS ON LAND DISTURBANCE

Yayl ace, Evren Deni z
Ph.D., Department of Mining Engineering

Supervisor: Prof . Dr . H. kebnem

September 2015, 33hges

The mining sector has negative and positive impacts on the environment, society and
economy at the local and national levels. Mitigating and minimizing the negative
impacts while maximizing the social and economic benefits of the mining sector are
significantly important for contributing to sustainable development in practice. For
this purpose, different assessment tools, which can be applied at different decision
making levels, are used in the mining sector and sustainability assessment (SA) is

one of these wis.

However, sustainability and the mining sector are generally seen as two conflicting
concepts. Additionally, integrating the sustainability criteria into assessment
practices is a challenge for the decisimaking authorities at the strategic level.
Moreover, in many cases the application of public participation and stakeholder
consultation and the consideration of the outcomes could not be practiced effectively

during the strategitevel decisioamaking process.



Regarding these, the thesis aims ttegmate the sustainability into stratetpwel
decisioamaking in the mining sector planning through operationalization of the
concept methodologically and systematically in order to prevent using the term of
sustainability as a greemashing practice fosocial license to operate. In order to do
this, an indicatebased sustainability assessment framework is suggested as a
decision support tool for the mining sector in this thesis. The framework is applied
for evaluating the sustainability of the miningp ns i n-Elbistas CoAlB&sin n
(AECB) in Turkey with a specific focus of land disturbance at the local level and

also the security of energy supply criteria at the national level.

Keywords: Sustainability in the Mining Sector, Sustainability Assment, Land
Disturbance, Sustainability Indicators, Public Participation, Mbfiteria Decision

Analysis
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CHAPTER 1

INTRODUCTION

1.1 Background Information

Investmentsin the mining sectorand in some casem the energysector, such as
lignite-burning power plantsand hydreplants must be practiceth regionswhere
the natural resources are locateor near thee resources due to economand
engineeringreasons.Positive and negative impacts on environmestgiety and
economyemergeas a result of these investmenkbe continuity along the timehe
affected area anthe intensity of the positive and negativienpacts depend othe
characteristics of the projeand the regiomvhere it has been implementdgie(l and
Donnelly, 2006).

Starting fromtheearly197 0 6 s , d i fhave beemsed by deoidiomnakers

and investors for mitigatingndbr minimizing the negative impacts while increasing

the positive outcomes alichinvestmentsAmong these toolghe one that wasiost

widely used and studied the Environmental Impact Assessment (EIA) (Wood
1995;Kiss and Shelton1997;Hens 1998;Glassoret al, 2002;IAIA , 2003;Duttaet

al., 2004;Vanclay 2010. Indeed because of theise ofdiscussions omsustainale
development witht he f i r st Earth Summi:t i na Ri o
mandatory tool also in developing countries and countries in transition for the
purpose of environment al protect,i®n and
cited inY a y |, 20Q5,608).



Neverthelessbesides thenandatoy use ofthe EIA in developed and most of the
developing countries startifppmtheear | 'y 900 s, theRie Suomit comes of
have also other effects ormprojectlevel envronmental assessment stugli@nd
frameworks For instancethe need for evaluation and integration of the cumulative
and transboundary impag¢tearly public participation and alstihe assessment of
possible impacts of poliey plan and prograrievel (strategielevel) decisions are
important factors leading tanincreasen the critiasms about the limitations of the
projectlevel assessment approachés.addition to this a growing emphasi on
integrating the concepif sustainabilityinto decisioamaking in practice alsbrings
about the development of new frameworks and approackesisidering thesehé
following issues are seen as timsufficienciesabout the projeekevel assessment

and evaluation

Firstly, sincethe projectlevel tools, i.ethe EIA, aim to mitigate and mimize the
negative environmental impacts of a specific projduey havea limited capacity

and also no objective for considering and integratiggthree pillars of sustainability
(environmental, social, economic) into decisimaking equally. Therefore,
motivation to use integrated approaches to overcome this issue rises globally
(Vanclay, 2010).

Secondly, the projedevel assessment todiscus on a single targeted jgot at a
time and discuss it in detailith a comprehensive repoitiowever, all tke strategic
decisions have already been givesfore theproject scaleso consideration othe
strategielevel alternativescannot be possible in practidéor instancethe EIA can
evaluatethe possibleimpacts of a thermal power plainta specific locdon in detalil
and explain how to mitigate and minimize these in practice. Howevee, EIA
camot and aim not to discugbe possible outcomes and effectsimfesting in
renewable energy alternativiesstead of thermal power plar what the mixture of
theseshould ben the energy portfolio of a country for securing energy supply at the
strategielevel (Wood, 2003.

In this respect, a strategievel approaclis importantin order to inform the decision
makers about the different outcomes of possiblernatives as well as to

operationalizehe concept ofsustainabilityin practice.Regarding the consideration



of possible alternatives anlde three pillars of sustainability decisioamaking,two

main issueshould besummarized

The first one isthe needfor systematic, quantitativetime- and costeffective

frameworksand approachesapplicable at thetrategielevel, for developing socially
responsible, environmentally sensitive and efctive strategiedn other words,
besides the academstudy and discussions, tfimework/approach shoultave a
capacity to integratethe concept ofsustainable developmemito practicein a

systematicalcost and timé effectivemanneron sectoral basis.

The second one ishat even if the implementationmethodology and practical
experiences othe projectlevel tools, especialljhe EIA, have been well developed
for years,the lacking strategic decisioimaking capacityeadsto future problems as
all the significant and strategic decisions éndbeen defied in early stages of the
decisionmaking proceséWood 2003.

Thereforethe integration of sustainabilityto practice and alsthe compression of
different alternatives based time sustainability criteriat strategielevel are still up
to-date disussions in the literature. Moreover, stratdgieel assessment practices
on a sectoral basisvhich integrate sustainability principles into decisioaking at

strategielevel, are especialllacking forthe mining sector

However,the impact of the ming industry on land andlso the size of the soil
moved frompoint to another aresignificantly higher than any other humaourced
actionsKirsch (2009). In addition to this according to US Environmental Protection
Agency, the mining sector is the maiousce of toxic pollutionin USA Kirsch
(2009).Therefore achievingthe integration of sustainality principles into strategic
level decisioAmaking with sectorspecific frameworks islso highly importanfor

themining sector

Regarding all these disssions, he needfor a wider integration of environmental,
social and economic pillaref the sustainabilityinto a single framework is
highlighted by Vanclay2010, p108)as



1 Everything is inherently interconnected a@omplete understanding of all
the impacts can only be achieved by a comprehensive and integrated
assessment and
1 Decisiormaking authorities have limited resources, so conducting many
different forms of assessment for a single action is problematic, subk as
EIA as well asthe Social Inpact Assessment (SIA) artie Cumulative
Impact Assessment (CIApr the Strategic Environmental Assessment
(SEA); and theSustainability Assessment (SA)
Respectively a sectoraldecisionmaking supportframework with integrated
assessment characteristicapplicable for different sectors will be useful.
Additionally, such a framework as a potential for #Arapidly sp
different levels of governance and also seen as necessary procedures to improve and

inform decisiormaking at stratgic- andprojectlevel @Ridderetal., 2010, p126).

In fact, such strategidevel decisiorsupportframeworks musachievemore than to

generateheaimed outcomem favor ofthe decisiormakers to present the actions as

environmentally friendly As Kirsch (2009) stressesthe mining companies and

governments use terms lik&lean coda d&ocial responsibility dransparenay

Gsustainable mining and &conservation projects aralditingdto conceal harm and

neutraliz the critics Therefore,without the quantication or operationalizatiorof

the sustainability ito impact assessment approactescessfully the obtained

resul ts woul d not be Cc 0 n s-washeng eofl bigmo r e t har
business/investments and tige of sustainability concepts cduiot go further than

acackmic discussiorts(Vanclay 2010, p106).

Besides the above given discussiab®ut howthe concept oustainability isused

as a oOmar k et hawgame bfehase nonoepts amnilicting with the

actions ofsectors lile mining the complexity of integration and operationalization of

sustainability into decisiemaking process is alsan important concern in the

literature. For instan¢dRidderetal. (2010, p126) argueshatit he over | apping a
conflicting priorities,value systems, complexities of interlinked systems and sectors,

make planning and analysis for more sustainable policies a difficult and complex

i ssueo



Due tosuch complexity,a lack of actual methodological and analytical guidance
about integrated assament toolsas well asthe problemsfaced during actual
practice of integrated assessments mentioned by several researchers, such as
Wood et al. (1996, Lee and Kirkpatrick(2004, Wilkinson et al. (2004 and
Balantineand Devonalq2006 cited inRidderetal., 2010, p126).

Based on the above given discussjotie mainissues aboutonsiderationand
integrationof sustainabilityinto decisioamaking process othe sectors especially

those with significant negative impact, i.e. the mining sector,be summarizeas;

1 Early practicing of gsategiclevel assessment tools necessary for
evaluation and comparisorf the sustainability ofhe alternatives in order
to mitigate the approval of sustainably unsound projects in the future

1 The strategidevel approaches and frameworksould be compatiblewith
the concept ofstrong sustainabilitythat mainly involves mitigating
environmental degradatio(for details ofsustainability levelsplease see
Kirsch, 2009}

1 Integratingthe sustainabilityinto decision-making by operationalizatioaf
the concepmethodologically and analytically in order to prevesingthe

term ofsustainabilityas greerwashingpracticefor sociallicenseto operate.

1.2.0bjective

The overall objective of this thesisis devdoping an indicatobased sustainability
assessment framework for operationalizing ardgrating the sustainabilitgriteria

into thestrategielevel decisioamaking of themining sectoplans.

1.3.Scope

The systematic use of the stratelgivel sustaiability indicators within the
developed framework constitutes the scope. The framework is implemented for the
A f kHlbistan Coal Basin in order to evaluate and compare the surface coal mining
plan alternatives by utilizing stuelpecific sustainability riteria with a specific

focus of land degradation.



1.4. Main Contributions

Within the designated scope, the study is intended to contribdibe tcnowledgen

thefield of the strategielevel and sectespecificsustainability assessmeny;

|l

Early applcation of public and stakeholder consultatiass abottomup
approach for determination of the local sustainability criteria;

Using the sustainability indicators systematically for the assessment of the
mining sector plans at the stratetgoel,

Classifcation of the indicators in order to apply the framework at the
strategie and projectevel assessment practices;

Proposing indicators, which are not given in the literature and which are
specifically appropriate for the mining sector and Turkish carstiat the

strategielevel.



CHAPTER 2

THE SUSTAINABILITY CONCEPT AND THE MINING SECTOR

Sustainability and mining might be considered as two conflicting subjects due to the
nonrenewable and depleting nature of the resources that ajectsad mining

operations. Besides these, the negative impacts of mining operations on local
communities and on the environment are other important factors, which contribute to

the argument that these two issues are opposing and counterintuitive.

Indeed,there are many facts that support these arguments. For instance, as Kirsch
(2009) points out, enormous amounts of land are moved during mining industry
operations compared to any other amaade venture. Moreover, Gibson (2006a)
states that the limited tiframe of operations based on the orebody characteristics
and market fluctuations causes a fast improvement in the local economic and social
factors and is often followed by a bust that causes severe environmental, social and

economic negative effects attlocal level.

Worrall et al. (2009) highlight how the sector stakeholders are also approaching
suspiciously to the integration of sustainability into the mining sector compared to
other natural resoureexploiting sectors, for instance forestry, fisksriand
agriculture. Contributing to these, Hilson and Basu (2003) argue that even if there are
numerous studies, frameworks, and approach discussions about the concept of
sustainable development in the literature, defining sustainable development in the

mining context is highly challenging.



In short, as these previous studies emphasize the conflicting nature of the
sustainability and the mining sector, this has been hardly tried towards application by
the investing and also decisiomaking bodies in ordeo maintain social license to
operate (Worralkt al., 2009; Gibson, 2006a). The mining sector and sustainability
can better be analyzed by understanding the characteristics of the sustainability and
also the mining sector, specifically surface coal mininghis respect these two are
discussed in Section 2.1 and Section 2.2 respectively. Based on these discussions the
sustainability concept for the mining sector is discussed in Section 2.3.

2.1. Background Information on the Sustainability Concept

The erm of sustainability has its roots in the 1972 UN Conference on the Human
Environment i n Stockholm as fAmaintaining ear
only now but for future generationso (Ward
p.89). Accordingto Kirsch (2009), the term sustainability has been modified to

sustainable development as a result of different studies and international conferences

after its first emergence. Kirsh (2009, p.89) highlights the World Conservation

Strategy, which was pubked by International Union for Conservation of Nature in

1980 as the first action to link sustainability to development. So this action is
considered as-ceant @c @nl $ e ravpaptri coanc h for bal anci

environmental concerns (Reed, 2002 citeHirsch, 2009, p.89).

Even if it was first mentioned in 1980, the term sustainable development has become

globally known after Our Common Future Report (Brundtland Report), which was

prepared for the World Commission on Environment and Development DV@E

1987. As a result of the study and the definition given in this study on sustainable

devel opment , t he t er nandhequiyc et emed o ¢ Be & ¢th u ma €
cited in Kirsch, 2009, p.89). Regarding the Brundtland Report, Hilson and Basu

(2003) highlight that even the does not provide a solid background for the
operationalization of the concept; it manages to create a solid foundation for the

approaches like legislation and policy, regulating the -made actions to avoid

conflicting with the conept.

Also, the United Nations Conference on Environment and Development (UNCED) in

Rio de Jenerio in 1992 (also known as the Rio Conference or Earth Summit) was the



second important action in terms of its agenda and outcomes in the field of

sustainabiliy-related actions. The outcomes of the Earth Summit had an important

impact on the concept of sustainability as the term sustainable development has
become motxtendegnrewdtid tittdRreKesdh, 200 0pB2).

During the following years, severather actions, conferences, reports and projects
were indicated by different actors. Some examples to these are the World Summit on
Sustainable Development (WSSD) in Johannesburg, South Africa in 2002 (also
known as the Earth Summit 2002), the United &f&i Conference on Sustainable

Development (also known as the Earth summit 2012, Rio +20).

As a result of above given milestone actions in the field of sustainability and also
many other studies, sustainability has been defined in several ways. Reghisling
Bell and Morse (1998ited inMoleset al., 2008, p.145), define the sustainability as;

~

fa dynamic balance among three mutuall
1 Protection and enhancement of natural ecosystems and resources;
1 Economic productivity; and

1 Provision of social infrastructure such as jobs, housing, education,

medi cal care and cul tural opportuni

2.2. Surface Coal Mining Sector and Its Impacts

Different methods are used in the mining sector due to the different characteristics,
i.e. mineralgical, geological, topographical, of these natural resources. These are
mainly surface and underground mining methods for extracting the economically
valuable and feasible minerals. Surface mining methods are classified into two,
which are mechanical anddraulic methods. Mechanical methods involve open pit

mining, strip mining and terrace mining. Hydraulic methods, on the other hand, are

placer and solution mining (Doyle, 1976).

The advantages of surface mining over underground mining are mainly given as
higher recovery and grade control, economic feasibility in terms ofparatnit of
production, flexibility of operations, safety in work place and a better working

environment (D¢gzgen and Demirel, 2011,



disadvantages ofsurface mining over underground mining, in general, are

summarized as the disturbance of wide surface areas, the destruction of original

vegetation, changes in original topography, issues of land acquisition and

resettlement, deforestation and visual detation (Dontaleet al |, 2015; D¢zgeéen an
Demirel, 2011; Sengupta, 1993; Doyle, 1976).

Environmental impacts, which are caused by the extractive industries, comprise the
main issues about the conflict between the mining sector and the public. This is
espeially true for surface mining operations as their impacts are visible and wider in
terms of surface land areas (Chikkagtiral., 2009). The main factors for this might

be due to increases in mining excavation capacity with higher capacity equipment.

Sud development has impacted the sector operations by allowing the operators to
dig deeper economically, to generate more overburden and so to extend the mine
operation areas. Regarding this, it is given that the total gross material mass that was
moved dueto the surface mining operations, including overburden and mass,
increased by 48% from 1975 to 2000 (Douglas and Lawson, 2005).

As a result, the significant increase in the excavation capacity of the sector has also
led to an increasing visibility of nege¢ impacts of the mining sector. Additionally,
another consequence of such an increase in the excavation capacity is that mining
operations are getting closer to communities, settlements and also they expand
towards economically, socially or ecologicaligore sensitive areas (Sawyer and
Crowl, 1968).

Indeed, besides the negative ones, the mining sector operations have also positive
impacts on the society and economies. Most of the time, the positive impacts of the
sector are seen at the national levethsas taxes, royalty payments. Furthermore,
limited stakeholders at the local level, such as employees andostriacting
companies, also benefit from the positive outcomes of the sector. Regarding these,
the impacts of the mining sector are discussedetail under environmental, social

and economic pillars with a specific focus on surface coal mining operations below.
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2.2.1. TheMajor Environmental Impacts of the Surface Coal Mining

The negative environmental impacts of the surface mining operatioms thar

primary concern of the stakeholders because the visibility of the impacts are high and
clear as all the mining activities are conducted on the surface. The environmental
impacts are investigated under five dimensions, namely water, land, ecosystem, a

and miscellaneous, including noise, vibration and traffic.

2.2.1.1. Water

Mining operations significantly interact with and have an impact on water resources
(Chikkaturet al,, 2009). The disturbance of both surface and groundwater resources
mainly orginates from the extraction operations because of an intensive dewatering
need for the practice of mining (Hilson and Murck, 2000). The pollution of water
resources is mainly caused from the processing activities and/or management of
wastes and tailingshough. Water pollution might also be seen after mine closure if

it is not practiced properly. Regarding these, the impacts of surface coal mining
operations are discussed specifically in terms of surface water disturbance,

groundwater disturbance and wapetlution.

1 Surface Water Disturbance
The control of water is one of the main issues for practicing mining operations
safely. Moreover, water is used for different purposes in a mining operation. The
management practices of the surface waters vary fronples methods like
continuous monitoring and controlling without any intervention to changing the
original surface water bed (Hilson and Murck, 2000). In this respect, surface mining

operations have a direct impact on surface water resources.

1 Groundwater Disturbance
The drainage of ground water is a very common and most of the time obligatory
practice for surface mining operations and it is a must for underground operations.
Therefore, groundwater aquifers are negatively affected by both surface and
undeground mining operations significantly (Chikkataet al, 2009). In terms of
surface mining operations, the alteration of water tables is practiced in order to create

safe conditions for mineral extraction (Hilson and Murck, 2000). As a result of the

11



dewatering operations, groundwater resources are disturbed, which may cause a

negative integration with other ecosystems entities in and around the mining area.

1 Water Pollution
Water pollution mainly results from the runoff or discharge of the mining opesation
including extraction, processing, tailing, and disposal sites as well as repair and
service buildings. Additionally, acid mine drainage is another source of water
pollution, which is a result of mining and processing operations during the active
mining and after the mine closure periods. So, all these sources of pollution affect
both surface and groundwater resources if necessary precautions are not taken
(Hilson and Murck, 2000).

2.2.1.2. Land
In addition to water resources, land is the other envieortad parameter that is
highly distressed due to surface mining operations. This is mainly because surface
mining operations, in particular coal and lignite mining operations, require large
areas of land primarily for extraction and overburden dumps (@tukkt al, 2009).
So, this intense land use of surface mining operations may result in the following

negative impacts.

1 Land Disturbance
Even if underground mining operations also cause land disturbance as a result of
surface subsidence and the condied facilities on the surface, surface mining
operations cause a comparatively much higher land disturbance in terms of used area.
According to Douglas and Lawson (2005, p.68) coal (hard, brown and lignite)
excavations caused 47% of the total gross naterovements among all the other
mineral excavations in 2000. Besides excavations, overburden dumping is also a
significant source of land disturbance, which arises from surface mining operations.
As a result, the disturbed surface land becomes much l#ngarthe excavated

mining site itself. (Azapagic, 2004).

1 Erosion
The loss of topsoil, which contains the highest concentration of organic matter in

soil, creates suitable conditions for erosion. The loss of topsoil generally occurs

12



because of its mixingwith waste rock during the removal of overburden,
deforestation and the loss of vegetation. All these causes occur intensively during
surface mining operations. The above given factors, which occur due to the topsoil
loss, trigger the loss of more topsaslo the negative impact occurs continuously
(Hilson and Murck, 2000).

1 Soil Pollution
The excavation activities performed during mining operations do not cause soil
pollution. Nevertheless, soil pollution arises from polluted or waste waters of runoff
or leakages from tailing ponds, waste dumps, processing and repair workshops as
well as from waste systems of other mining facilities. In addition to this, acid mine
drainage occurs during or after mining operations if the necessary precautions are not

taken and it causes soil pollution.

2.2.1.3. Air
The impacts of mining operations on the air might arise from the operation itself,
including blasting, excavation, transportation, stock piling and crushing, and also
from the energy used for different opévas in an integrated mining investment,
including exploitation and processing. These are discussed in twaestibns as air

guality and pollution and climate change.

1 Air Quality and P ollution
The main issue about the air quality and pollution is theass of total suspended
particles and particulate matter (R from the dust during excavation,
transportation, disposal and stock piling of the waste rock and mineral resources
within the mining area (Chikkatwat al, 2009; Hilson and Murck, 2000).

1 Climate Change
Methane (CH) is one of the primary greenhouse gases, which is released during the
coal mining (Chikkatuet al, 2009). Even if the emitted amount from coal mining is
not significant compared to other greenhouse gasses emitted by otheriahdustr
activities, it should still be considered as an important negative environmental
impact. The main reason for considering such an emission as an important source of

negative environmental impact is that £itis a comparative impact on the climate
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changethat is more than 20 times greater than carbon dioxide)(@@r a 106year
period (EPA, 2015).

Mining operations are highly energy intensive; either petroleum or electricity is used
for the excavation and haulage equipment in the mining sites. dhergreenhouse
emissions from these or electricity from fossil fuels also have a significant effect on
the climate change (Azapagic, 2004). Additionally, besides the exploitation actions,
the processing of the runoff mine demands a considerable amoemniey that
negatively contributes to the climate change.

2.2.1.4. Ecosystem
The negative impacts of mining operations on local ecosystems are discussed under
deforestation and flora and fauna. These issues are important in terms of the
environmental qudy, because the changes and losses of forestry and the original
characteristics of the flora and fauna in a region affect the biodiversity. Therefore, in
many cases mining operations causes or significantly contributes to biodiversity loss
(Azapagic, 200).

1 Deforestation
As it is mentioned in land disturbance section above, the mining sector is an
important factor for deforestation in the operation region. Due to the extensive land
use, deforestation is much higher for surface mining operations thangrouated
operations. Besides the operation itself, the construction of infrastructure and

facilities near the excavation area also cause deforestation.

1 Flora and Fauna
Change in water resources and natural land structures, as well as deforestation,
erosio, pollution of air, water and soil, vibration and noise cause a negative pressure
on the flora and fauna around mining operations. Such impacts result in either a
complete loss of original flora and fauna or changes from original to adopted forms,
which depends on the impact characteristics of mining operations and the level of

negative impacts on ecosystems.

2.2.1.5. Miscellaneous

I Noise and Vibration
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Heavy earthmoving equipment and blasting practices in order to loosen the material
cause noise andbration that can be observed from the surrounding of operational
mining areas. Moreover, the transportation of material also causes noise pollution for
the surrounding systems (Hilson and Murck, 2000). So, noise and vibration
negatively affect the naturehvironment and also the local population near the area
of mining operations depending on frequency and intensity of being exposed.

1 Traffic
Traffic may occur in rural and even remote areas due to mining activities. Activities
such as exploration, matakihaulage and marketing operations create subsequent
traffic load in the operational area. This has two types of negative environmental
impacts. This first group is pollution, resulting from vehicles, noise, and the
construction of infrastructure. The sexl issue is safety problems for wild life and

local communities.

2.2.2. TheMajor Social Impacts of the Surface Coal Mining

Similar to environmental impacts, the mining sector also affects local communities in
positive and negative social aspects (Badera n d Koc o G, 2014) .
environmental impacts, the majority of the below discussed social impacts are
observed during and after mining operations regardless of being underground or
surface mining as well as the extracted mineral. In fact, timysacts, given in this
section, are discussed with respect to surface coal mining operations. These are
investigated under six topics, which are local economy, ownership of the locals,
human rights and business ethics, infrastructure, health and satefinally culture

and customs.

2.2.2.1. Local Eonomy
In order to contribute to sustainable development, one of the primary concerns of the
mining sector should be providing economic benefits and contributing to the well
being of local communities (Egger2000cited in Hilson and Murck, 2000, p.230,
Azapagi c, 2004, Badera and KocoG, 2014,
this, understanding the needs and expectations of local communities on local

economic conditions is crucial for the operationdl@a of sustainability in sectoral
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decisionmaking. Therefore, local economic issues are discussed under employment,

traditional economic activities and local economic activities in detail.

1 Employment

In addition to the researches like Hilsonand Mu2lo(0 0) and S°der hol m and
(2015), the main argument of the sector about locally created economic benefits is
providing employment to local communities and residents of the host country and
region. In fact, it must also be considered that the operatibtise mining sector

have recently become highly mechanized and the need of manpower is lower
compared to mining operations decades ago. While the amount of manpower
decreases in the mining sector, the expectation of specific skills and the need for
expefenced employees in the sector increase. Therefore, the real numbers of
employees from the local communities should be considered while discussing the
positive or negative impacts of mining operations on the local communities in terms

of employment.

Nevetheless, the mining sector also contributes to the development of other sectors,

where employment opportunities rise (S°derho
of these are service sector, including catering services, transportation and logistics

services small and medium size (SME) workshops, security services, hotels, pubs

and similar accommodatierand spardgime activityrelated services. In fact, all

these are highly dependent on the life span of mining operations.

1 Traditional Economic Activities
Mineral exploration is shifting towards rural areas in different parts of the globe.
This is affecting the locals, who are highly depending on agricultural or other natural
resourcedependent economic activities. As a result of the increase in land
degradtion and the change in land use due to mining operations, traditional
economic activities are affected negatively (Ydagg et al, 2009). This effect
forces local communities to leave the local traditional economic activities, including
agriculture, Westock breeding, fishing or forestry. Also, these traditional economic
activities are mostly based on low technology and they require no educational skills.
Therefore, once the land, forests, lakes or other such natural resources, which support

the traditonal economic activities, are damaged or changed, almost all the local
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traditional economy is affected negatively. Hence, such situations create conflicts
between the locals and investors and decisiaking authorities and tradsfs

appear.

9 Local Economic Activities
Changes in and the dependency of local economies on mining operations is another
important social impact at the local level. The reason for this is the limited life time
of mining operations. Once the mining industry invests in donggthe local
economy of the region grows based on the mining operations. As it is given
previously, some examples of this are the services sector, such as hotels, restaurants,
and pubs, the construction sector, the logistic sector and thestesé madeet.
However, once mining ends and the mine is closed, these businesses usually start to
collapse. Therefore, economic welfare and life quality that is provided by the mining
sector is lost (Azapagic, 2004).

Consequently, a heavy dependence on naturaliress in local economic activities
causes important negative social impacts on local communities after the operations
end. Besides dependence on natural resources, the level of income and wealth among
the locals and also newcomers changes dramatically ax@ehgdo traditional local
economic activities. Due to the change from traditional to highly commercial and
technologybased local economy, the disparities in income increase between mining
dependent and nemining-related individuals and groups within ayien (Kotey and

Rolfe, 2014).

2.2.2.2. Ownership
Among others, ownershigelated impacts are very important because the owned
properties, including land, livestock and houses, are particularly important and
valuable belongings of individuals due to notyotheir economic values but also
social and cultural reasons. As an example, Verma (2004 cited in Childtaaly
2009, p.947) discusses the negative impacts resulting from resettlement, the

acquisition of land and displacement practices based ondfanlexperience as;

1 Changes in the family and society structures,

1 Crating vulnerable groups, such as women, elders and children,
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1 Loss of employment and income,

1 Decline in economic conditions due to disturbance.
These impacts, all or some, also occue @b surface coal mining operations. That is
because, like other industrial and infrastructure development activities that exert an
impact on the surface area, surface mining operations use wide areas that must be
expropriated and so it must be civil humand livestockiree for safety reasons.
These impacts can be discussed under two subjects, which are resettlement and the
acquisition of land.

I Resettlement

Resettlement is a major issue for mining operations, because all the mining actions
must be implemented where the reserve is located. Therefore, if a reserve is planned
and approved to be mined with surface mining operations, whatever is located on the
surface of the reserve, either an individual house or a village, has to be displaced.
Especially stp mining operations are operated on wide areas, thus in most cases, the
use of land area is much higher than open pit operations. An example is given by
Chikkaturetal.( 2 00 9, p.947) as Amining -largestal |
cause of displacme nt with an estimation of 2.55

reason, resettlement is a really important subject for surface mining operations.

1 Acquisition of Land
As it has been discussed previously, the management and ownership of land is one of
the primary issues for the mining sector especially for surface mining operations.
Therefore, land acquisitions are practiced in areas where the reserve is located. As a
result of this, agricultural areas, forests or other economically and/or ecologically
important resources are completely damaged during the active mining period (Yong
fenget al, 2009).

Even if the cost of such an action is compensated by the mining company by making
a lumpsum payment to the owners, land acquisition causes significangjes in the

life styles and the traditionally practiced professions of the local individuals. As a
result of such practices, their only skill and profession, i.e. farming or forestry, is
lost. Depending on this, the life quality of the locals is affecieghtively sometime

after they lose their land as they do not have the necessary skills to manage the lump
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sum money in order to establish a new business or qualifications to be employed in
other sectors.

2.2.2.3. Human Rights and Businessthics
Regarding the above given issues, it is clear that the mining sector is highly
interacting with the people in the hosting region. Additionally, due to its conflict
generating nature among the benefiting and negatively affected local populations and
safety rsks, Azapagic (2004) discusses human rights and business-refhies!
sustainability issues in connection with the operations of the mining sector under
three subjects as decent working conditions, forced, child labor and unfair payment,
and bribery ana@orruption.

1 Decent Working Conditions
Mining operations are practiced in hostile environments under high safety and health
risks. Therefore, providing the necessary individual health and safety equipment and
the necessary training to improve the skilfsemployees and also internalizing the
issue within the company and all its operations are important factors. Moreover,
providing equal opportunities for the present and future employees regardless of their
gender, race and disabilities are importaniessconsidered under the sustainability

concept of the sector (Azapagic, 2004).

1 Forced, Child Labor and Unfair P ayment
Another important possible negative impact of the mining sector in terms of human
rights and business ethics is forced labor, childdamd unfair payment. It is known
that such practices are mainly seen in the underdeveloped countries and practiced
especially by small mining companies as these companies are not subject to any kind
of auditing, i.e. by finance organizations. Furthermdhe use of force to control
over land, the violation of local groups, and the rights of indigenous people are

hugely important accusations that the sector faces (Azapagic, 2004).

91 Bribery and Corruption
The occurrence of bribery and corruption is thedsubject related to the negative
impacts of the mining sector, considered under the human rights and business ethics.

Like the previous two, this impact is also not specifically related to surface coal
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mining, but it is an issue of all the extractive ustry, including mining, oil and gas

sectors.

These sectors significantly affect the wealth of the nations in a positive way within a
very short time. However, this may also create a potential corrupted environment
about the distribution of the obtainecealth from the extractive sector among the
stakeholders transparently and equally
practices in the wealth distribution, the negative impact appears based on
deterioration in the social structure through inequaliithin the society and also the
national economy due to the loss of taxes and royalties, a lack in competition among
the investing companies and poor natural resource management and beneficiation
(S°derholm and Svahn, 2015) .

Therefore, in case of corrtgn, antidemocratic and conflicted management and
exploitation of natural resources, both the environment and the financial structure of
the communities are damaged (S°derhol m
named as natural resource curse (Gyfag®11; Humphreygt al, 2007 cited in
S°derholm and Svahn, 2015, p. 80) .

2.2.2.4. Infrastructure
Dorian and Humphyreys (1994 cited in Hilson and Murck, 2000, p.230) discuss that
mining operations can provide a number of economic benefits to deend
communities such as employment, local service points, financial contribution for
infrastructure projects. Such local services and development projects may include

several sufzategories as follows;

1 Improvement of transportation and physical acdtetyi

1 Higher energy accessibility

1T Better educational, health and si mi

1 Information accessibility, such as internet infrastructure.
Some of these improvements about the infrastructure occur since these are directly
needed for mining operations located in the remote areas of the world. Such services
include the improvement of physical accessibility, such as-maihtained roads,
harbors or railways. Like transportation, energy is another-tottsive input for

mining operations. This means providing electricity to local communities in remote
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areas. Also internet and telephone |l ines
management offices. Such information and communication infrastructure is also

benefited by thedical communities.

Besides these infrastructure services related to mining operations, infrastructure
related to public service may also be established or improved in the host
communities. This may be aimed towards t
within the host community in order to gain social license to operate. In fact, in
certain cases towns are established as a result of mining opergiigstsalian

Bureau of Statistics, 2013k0 the infrastructure, including hdtss and school
buildings, is founded to provide better living conditions for the families of mining

company employees as well.

2.2.2.5. Health and Safety
Health and safety is the fifth subject considered under the social impacts of the
mining sectorlndeed, health and safety of two groups are discussed in detail below.
The first group is the employees of mining operations as the sectoral activities are
practiced in hostile environments (Azapagic, 2004). The second group is the local

communities livingin areas close to mining operations.

1 Labor Health and Safety
Occupational health and safety is a very important issue for the mining sector
because the risks posed to employees are above the average when compared to other
sectors. Especially undergroumdning operations suffer from the highest incidence
of fatalities and the highest average fatality ratio compared to other sectors. Besides
these safety problems, labor health problems are also common due to tough working
environments, particularly in uedground operations (Azapagic, 2004). Especially
when the surface coal mines and underground coal mines are compared, although
surface mining operations involve relatively lower risks than underground mining
operations, mining operations inherently invohealth and safety risks in terms of

its laborers.
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91 Public Health and Safety Rsks
Public health is another important focus for the investments of the mining sector
because environmental impacts of mining operations may also threaten the public
health n local communities. For instance, water scarcity, water pollution, air
pollution and also soil pollution, erosion and deforestation are factors that may create
public health risks (Chikkatuet al, 2009). These may directly affect the health
conditions @& local communities and also these have a potential to exert serious
impacts at regional and national levels if such pollution factors affect the agricultural
and livestock products in the mining region. Moreover, unprotected access to active
and inactivemining sites may cause safety problems for local people as well as
livestock (Azapagic, 2004).

Although HIV/AIDS is a noroccupational illness, it is still a significant risk for both
employees and local communities where the mining industry is locatedne parts

of the world. It is especially a high risk for South Africa (Azapagic, 2004). In fact,
the reason why such a risk occurs is indirectly related to the mining sector.
Prostitution is common in some resourah regions of Africa, where internatial

mining companies and their camps are located. Therefore, this creates a suitable
environment for the risk of HIV/AIDS for local people as well as the employees of

the mining industry.

2.2.2.6. Culture and @istoms

Mining industry is mostly managed hylobal companies. Besides, the income

generated in the sector is clearly higher than many other sectors. Thus, the sector

attracts professionals from all over the world. Additionally, due to the new

technology and higleapacity equipment, the labor intégsof the sector declines

while the individual skills of employees have become essential. As a result of these,

the employment in the mining sector has become very competitive. This causes less

| ocal empl oyment and a-ingfly-eat ér pt acdeocey t owt
workforce from different parts of the world into rural and less developed regions. As

a result of such significant change in these regions, considerable disruption in the

social life, structure and local customs are observed (Axg[2@P4, p.646).
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2.2.3. TheMajor Economic Impacts of the Surface Coal Mining

The economic impacts of the mining sector are highly interacting with the negative

and positive social impacts, which are discussed previously. Most of these impacts
on enviroment and society are seen at the local level. For instance, mining

operations may cause changes in traditional economic activities like agriculture due
to land acquisitions, but on the other hand, it contributes to the development of other
economic activies in the service sector, i.e. hotels, restaurants, and SMEs, e.g.
workshops, catering, logistics, in a specific region that are mostly owned by

employees and locals (Kotey and Rolfe, 2014).

In contrast to local economic impacts, natielealel economidenefits of the mining

sector are generally positive and easier to monitor. These benefits involve export
income from international trading of natural resources (metals, coal, construction and
industrial minerals etc.), tax payments, royalties and alsdogment opportunities

with social security and thus high income taxes obtained from mining sector
employees. However, all these benefits are also directly dependent on the existence
of natural resources and the continuation of mining operations, so a heavy
dependence on natural resources in the macro level economy of a country creates

threats for all stakeholders at the national level in the long term.

As it is seen, the economic impacts discussed above are general for mining sector
operations independentbf what is extracted and how it is extracted. However, these
parameters are very important in terms of local, social and economic impacts,
because for instance surface coal mining operations create economic impacts on a
wider local area, so its social denvironmental negative impacts are also greater.
Contrary to social and environmental impacts, most of the positive economic impacts

are independent from the operational characteristics.

Additionally, besides the general impacts discussed above, énactéristics of the
excavated mineral may cause extra negative and positive impacts. For instance, if the
extracted mineral is coal with a low calorific value, it is used for electricity
generation within thermal power plants and these facilities are witilin a close

distance of the mines due to economic reasons.

23



In such cases, indirect economic benefits of the mining sector at the regional and
national level increase as well as its negative local, social and economic impacts.
These negative local impts involve mostly environmental pollutiselated ones,

such as the reduction of agricultural productivity and the increase of health problems
due to air pollution. However, even if such impacts are really important to consider,
these are not directly leted to surface coal mining operations.

Understanding the impacts of the mining sector is important in order to highlight and
focus the main sustainability concerns in the local level and general at the sectoral
level. In this respect, the mining sectionpacts with a special emphasize on the

surface coal mining, are summarizedieblel.

In Table 1, these impacts are grouped under environmental, social and economic
pillars and their impact levels are considered as local, regional/national and also
global. The sings, shown in brackets, are used to show if the impact is positive (+),
negative {) and neutral (0). Also, how these impacts possibly affect the focused
group isgiven as direct or indirect with letters (d) and (i), respectively. As an
example, if an impact has a direct positive impact at the local level, it is shown as (d)
(+), or in case of an indirect negative impact, it is shown as)(iMoreover, as it
canbe seen imable 1, the impacts of mining operations are highly effective at the

local level than the others.

As it can be seen iablel, all the environmental criteriare directly affected from
the mining sector negatively at the local level. Besides this, almost all the
environmental impacts of mining operations are negatively affected from mining

operations directly or indirectly in a negative way.

Regarding the saal pillar in Tablel, the direct positive and negative effects occur at

the same time at the local level but the majority of these effects do not interact with
the society at the regional, national and globallgevEhus, the economic impacts of

the sector, most of the issues are observed as positive impacts at the local, regional

and national levels.
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Table 1.The impacts othe surface coal mining

Sustainability Impact Group Impact Local Regional/ Global
Pillar National

Surface water disturbance (d) () @ (-) @ (-)
Water Groundwater disturbance (d) () @ (-) @ (-)
Pollution (d) () (d) () (0 ()

= Land disturbance (d) (-) @ (-) (0)
% Earth Erosion (d) () () (-) @) (-)
£ Pollution (d) () (0 () (0 ()
§ Air Quality and pollution (d) (-) @ (-) @ (-)
= Climate change (d) () (d) () (d) ()
L Deforestation (d) (-) @) (-) @ (-)
Ecosystem Flora and Fauna ) () 0 () 0 ()

. Noise and vibration (d) (-) (0) (0)

Miscellaneous Traffic A O (0) (0)

Employment (d) (+) (d) (+) (o)

Local economy Traditional economic activities (d) (-) (0) (0)

Local economic activities (d) () (+) (0) (0)

— . Resettlement (d) () (+) (0) (0)

§ QU2 Acquisition of land @) () (+) (0) (0)

2 . Decent working conditions (d) (+) (0) (0)

H‘k‘)mén ”ghtsh"?‘”d Forced, child labor and unfair payment d) () d) () (0)

usiness ethics g ihery and corruption d) () d) () (0)
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Table 1.(continued)

Sustainability Impact Group Impact Local Regional/ Global
Pillar National

Transportation and physical accessibility d) () (+) (0) (0)
- Infrastructure Energy accessibility (d) () (+) (0) (0)
§ Educationhealth and similar public services  (d) (+) (0) (0)
= Informationaccessibility (d) (+) (0) (0)
3] Labor health and safety (d) () (+) (0) (0)
? Health and safety o, i health and safety @) () (4) 0) 0)
Culture and customs  Local culture, traditios, customs (d) () (+) (0) (0)
Employment (d) (+) () (+) (0)
3 Traditional economic activities (d) (-) (i) (-) /(o) (0)
g Local economic activities (d) (+) @) (+) (0)
5 Taxes ) (+) (d) (+) (0)
L Royalties (0) (d) (+) (0)

Incomes ad taxes from exports (0) (d) (+) (0)




2.3. Sustainability Concept for the Mining Sector

In order to operationalize the sustainability criteria at the strategé decision

making of the mining sector planning and decisiaking, the sustainability
concept is needed to be understood in terms of the mining sector. However, this is
not a simple process because interaction of sustainability and the mining sector is
argued by the different researchers. For instance, as Hilson and Basu (2003, p.320)
stress, after a considerable amount of literature, a number of frameworks and
indicator sets are conducted, defining sustainability within the context of mining is
still challenging.

Negri (1999 in Kirsch 2009, p.90) criticizes such attempts saying that such
approaches achieve nothing than to disburden the concept from its original reference
to ecology. Parallel to this, Kirsch (2009) also stresses that the mining industry uses
this transformation to refer primarily to economic variables under the phrase of

sustainable development.

Besides these, Kirsch (2009) strongly di
miningd or the concept of Apromoting min
through different reports, natural and community projects usoleial responsibility

approaches fdAmakes it more difficult for

recognition of 1its true social and envir

However, among others, such as Laurence, 2011, Fetrdkis 2010, Hison, 2000

given in Giurco and Cooper, 2012 and Worsllal, 2009, Gibson (2006a, p.334

335) highlights the counterintuitive conditions of the mining sector and sustainability
while discussing how the mining sector is under pressure to reduce theegatiVe
impacts and risks as well as how the sector is trying to guarantee the local benefits
for long terms in order to gain social license to operatduild its reputation in

regulatory and investment cycles globally (Gibson, 2006a, 3334

Thus,like some other researchers, such as Hilson and Basu (2003), Azapagic (2004)
and Laurence (2011), Gibson (2006a) also mentions how the leading actors of the
global mining sector as well as regional and international organizations have been

working ambitiausly on this issue since the late 1990s.
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Moreover, besides these studies and projects, key sustainadlditgd issues as well

as the principles are determined by different stakeholders in order to operationalize
sustainability in practice. Some of tleeare defined for a specific country, e.g.
Canada (Ford, 2005) and India (the Ministry of Mines, India and ERM India, 2011)
and others are discussed for a specific region, such as the European Union
(EUROMINES, 2012).

There are also studies, such as Wesh (2002), Azapagic (2004), and Global
Reporting Initiative (GRI, 2011), to evaluate and monitor the sustainability of
operations for contributing to operationalize the sustainability in practice that focus
on the global companies and operators of th@ngisector. Among these, one of the
most widely known approaches is GRI (2011), which was initiated by the study of
the International Council on Mining and Metals (ICMM).

The ICMM defines these principles globally for its members, the leading global
mining companies operating in various regions of the world. In addition, as one of
the earliest initiatives for integrating the concept of sustainability into mining sector
operations, many other concepts and studies have been interacted with the

sustainabiliy principles of the ICMM.

In addition to these principles, the ICMM has initiated an evaluation and folipw
system to understand the operationalization success of the principles into practice.
This system is named Global Reporting Initiative (for mor®rmation on how

these studies interact, please see Appendix A).

In fact, after all these discussions and previous studies given above, no solid answer
or definition has been obtained for sustainability in the mining sector yet. This may
be due to the fases of these studies and discussions mentioned above. As Giurco
and Cooper (2012) also mention, available studies in the literature focus on different
issues at different levels of decisiomaking. For instance, while some of them
merely focus on the lota&ocial and environmental impacts, some others focus on
pure ecological issues and others on natitenadl concerns of the decisianaking

authorities, such as supply security.

In other words, the possible definition for sustainability in the contettieomining

sector changes based on the objective of the study and also based on the studying
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body. For example, ICMM defines the principles fit its members, which are global
mining companies operating in several countries. However, as a governmental body
the Indian authorities focus more on the society and deemaking issues in their
studies.

For this reason, the proposed framework under this study starts with scoping the
sustainability principles in terms of natiodal/el strategic priorities anlbcatlevel
expectations. Without such a stuslyecific scope, indicator selection and alternative
consideration and compression will not be able to obtain reasonable results in terms

of sustainability.

While scoping the sustainability principles under gtudy, it must be considered that
the mining sector is dealing with a limited rReemewable resource mostly in remote
and/or environmentally sensitive locations. Hence, once the natural resource
depletes, all the social and economic benefits will disappéer the mining sector

leaves the region.

In this respect, it is claimed that the mining sector does not providetdomy
benefits, especially for local communities, in a sustainable way (Lins and Horwitz,
2007, p.13). The main reason for facing sadticisms is that the bigger the benefits

will be, such as the number of local employment created during the operations, the
bigger the costs will be after the operation ends in practice. Accordingly, one of the
main characteristics considered under a@ustbilty and the mining sector

discussions in this study is creating lelagting social wetbeing.

However, even though the lothsting social wetbeing involves both the obtained
economic benefits and living in a healthy environment, such appdchnd to be
Ahunrtaennt er edo r at hecentharmne diocc ommsertvat somi
Kirschdés study (Kirsch 2009, p. 89) . Furt
assumptions on achieving sustainability by creating social welfare is ceptable

in terms of sustainability because these approaches shift the term from strong

sustainability to weak sustainability.

The term of weak sustainability means very briefly that interchanging the natural
capital into manufactured capital and so depel tradeoffs during this interchange

Is named as weak sustainably by Kirsch (2009). Such-tuHsgare also mentioned
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in the mining sector and sustainability discussions. As an example, Kirsch (2009)

formulates his criticisms about weak sustainabgitg fna mi ning polluting
causing extensive deforestation may be considered as sustainable if the profits from

the project are successfully converted into manufactured capital with an economic

value equal or exceeding the value of consumed ancodgserd 6 ( Ki r s-c h, 20009,
91) . Contrary to this, strong sustainabilit
human economies and the environment without
(Kirsch, 2009, p.91).

However, it must also be considered that allhef human actions (economies) have
consequences on the environment and therefore every timeofifadgppear. For
instance, instead of a thermal power plant, obtaining energy from renewable
resources, such as small scale hydro plants, may sounds meaiaadist However,

if the number of hydro plants increases on a waterway in a specific ecosystem, trade
offs appear and the nature of the comparison of renewable arr@m@mable energy

investments changes.

Therefore, the main issue is not the occurrentetradeoffs but the lack of
understanding and predicting the impacts of the significant negative consequences of
these tradeffs based on clear, comparable and assessable information during the

decisionmaking.

Regarding this, the second characteristibich is considered under the sustainability
and the mining sector discussions in this study, is obtaining comparable information
on possible tradeffs and their consequences for optimizing the social and economic
benefits and environmental costs whilanning the action before any conflicting
situation and irreversible mistakes and traffe appear. While doing this, tradés

must be clearly defined and the criteria on how to deal with these should be
identified. Gibson (2006b, p.175) suggests approaches to do these;

1 Defining the general rules to decide what types of tafte may be
acceptable and what sorts may not be acceptable;
1 Consulting with the stakeholders to discuss if the proposed-tifsiare

reasonable.
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Last but not the leastf, the relation of mining and sustainability is discussed from a
cycling/continuity perspective with minimum environmental impact and high
economic feasibility, it is considered as an oxymoron by researchers like Horowitz
(2006), Rajaranet al. (2005 in Laurence, 2011, p.278) and Kirsch (2009). However,
this cannot be a fair discussion unless the demand of the minerals may be supplied
feasibly and energgfficiently through recycling and reuse practices. Therefore, the
concept should not be considered gg@blem of limited time frame and continuity

but more like a problem of achieving natural resource efficiency in order to balance
costs and benefits.

This may sound a conflicting argument with the first highlighted point, which is
creating a longdastingsocial weltbeing. In fact, better natural resource management
will help to create permanent local and national social and economic benefits during

and after mining operations.

In short, the mining sector may be or may not be sustainable, or it confibutento
sustainable development from the different perspectives of the discussing party.
However, discussing and trying to evaluate and compare its plans, programs and
projects and their alternatives in terms of sustainability criteria is completely
ressonable. In order to do this, the sustainability criteria for comparing the actions of

the mining sector can be summarized for this study as;

creating a longasting social wetbeing,
obtaining comparable information on possible traffe and their
consguence, and

1 achieving natural resource efficiency for balancing costs and benefits
(including the protection of ecosystems and contribute to-lasting welt

being)

2.4. Evaluation of Sustainability in the Mining Sector

The mining sector has significanbgtive and negative impacts on the environment,
society and economy during and after its operations (Giurco and Cooper, 2012;
D¢zgeéen and De mietat 2010; 2henyflet;al, F0tO0aSh&rma, 2010;
Worrall et al, 2009; Bell and Donnelly, 2006As it is discussed in Section 2.1,

some of these impacts affect specific groups, such as mining sector laborers, local
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communities, indigenous peoples or women in the region where operations are
active. Some of the others have impacts at the nationalegmhal levels, such as
creating a high welfare for the communities or regional conflicts. Furthermore, some
of the impacts even affect the sector itself deeply, for instance, mine incidents, which
cause loss of social license for continuing of the djeTa

Regarding these impacts, different evaluation systems are developed and practiced.
Some these are used to evaluate the impacts of the company and the level of its
sustainability, such as Azapagic (2004). The others, e.g. ODPM (2005a), WB (2010)
and WB (2013), are used by the decisioraking bodies of public and finance
sectors in order to see if and how much the proposed action is fulfilling the set rules
and regulations.

In order to mitigate, minimize or manage the impacts on the conrgaayificcases,

the mining sector has initiated actions that are generally named as corporate
sustainability. Also some of the global mining companies use sustainability
assessment frameworks, e.g. Global Reporting Initiative (GRI, 2011), in order to
evaluate andmonitor the level of achievement after the corporate sustainability
actions. Among these, one of the compapgcific sustainability assessment

frameworks applied in the mining sector is introduced by GRI (GRI, 2011).

Also the World Business Council fouStainable Development (WBCSD) is another
organization which has a similar approach for evaluating the level of sustainability of
business in different sectors (Singhal, 2012). Both of these are the mining sector
specific frameworks in order to coritite to corporate sustainability within the

sector.

In addition to these, decisiemakers of the public authorities, finance institutions
and other related stakeholders use tools for evaluating and analyzing the
environmental, social and economic impaofsthe proposed actions at different
levels in order to mitigate or minimize the negative impacts. Moreover, some of
these are used for operationalization and integration of sustainability during the
strategic decisioimaking process. The tools and at whievels of the decision

making process #se tools are used are showifrigurel.
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Figure 1. Assessment tools for the different levels of decisimaking

Figure 1 shows tle tools that are most widely known and used for strategid

projectlevel decisioamaking processes, which are;

9 Sustainability Assessment (SA): There is no regulation defining how and

when SA should be applied. Even different authorities and stakebaide

different methodologies and frameworks to apply SA. Therefore, as it can

be seen in

1 Figurel, SA is shown a tool applicable at both strategic and project levels.

The main difference from SEA at the stratelgivel application is that SA is

an integrated tool, where the environmental, social and economic impacts

can be analyzed at different spatial levels. The details are discussed in
Section 2.4.1.

9 Strategic Environmental Assessment (SEA): As it is given in
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1 Figurel, SEA is used at the poligyplan and programevel assessment.
The regulation and targets of these decision levels are generally set by the
government, with the approval of the assembly, in cooperatitm the
related ministries.
1 Environmental Impact Assessment (EIA), Social Impact Assessment (SIA)
and Cumulative Impact Assessment (CIA): As Morri&aunders et al.
(2014) also highlight, these are very valuable tools to contribute positively
to the sgcific dimensions of sustainability evaluation. These are used for
the projectlevel evaluation of the impacts and discussing how to manage
these for mitigating or minimizing the harm. Some of these are regulated,
such as EIA, and others are applied vaduihf in most of the cases.
As it is mentioned above, in order to count a tool under sustainability assessment, it
needs to focus at least three dimensions of sustainability, including environmental,
social and economic pillars (Morrisedaunderst al, 2014). However, the level of
consideration and integration of these dimensions into the decsa&ing process
differ within SA and SEA. In this respect, as it is discussed in Section 2.3, the
consideration of sustainability can be weak or strong witha grocess. Or the
primary consideration can be environmental impacts while social and economic
issues are considered to be less important at the deaisikimg due to the objective
of the study. Regarding all these, SEA and SA tools are grouped int(sémbigure
2) as;

1 EIA-based environmentally friendly assessment at the strategic level
(European Union Pective on SEA, 2001)
1 Integrated SEA with an environmental priority while considering the three
pillars
1 Assessment of sustainability with equal consideration of the three pillars
(weak sustainability)
1 Assessment of sustainability based on ecological priority (strong
sustainability)
As it is shown inFigure 2, the strategielevel assessment tools are ordered from
environmentally friendly to sustainable by the author based on their primary focuses.

For instance, the EISEA is considered as an environmentally friendly approach
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because its main objective is environnanprotection and the consideration of
environmental issues during the development of the strategies (EC, 2001). Though
the EDSEA stresses the consideration of the social and economic factors during the
assessment, it is expected that the main discusstonld be conducted on the

possible environmental impacts of the proposed strategic action.

In fact there are casspecific practices aiming to protect the environment and
promote sustainability while applya ng SE
of application is called as the integrated SEA. The main reason for this is that besides

the environment, the consideration of social and economic issues are needed in order

to promote sustainability.

SEA Integrated SEA Sustainability Assessment
E!A-base_:d proces Inte_gration_ of 3 Weak Strong sustainability
\l':\"th Environmenta pillars with | sustainability with anecological

ocus environmenta equal focus on 3 riority
priority pillars
Environmentally
friendly Sustainabl

n
»

env

B B assessmert

Figure 2. Assessment afustainability with different scopes and priorities

As it can be seen ifrigure 2, after two types of SEA practices, the assessment
approach is classified as the sustainability assessment (SA). The main istwee for

assessment approaches under SA is that sustaindbdiged frameworks are either
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weak or strong. The differentiation of weak and strong sustainability is given based
on the defined priorities of environmental, social and economic pillars during the
scoping and assessment steps of SA applications. If the practitioner applies equal
priority to three pillars while defining the objective and scope of SA process, it is
grouped under weak sustainability. Moreover, if priority is significantly given to the
environmental pillar rather than the other pillars, it is counted as a strong
sustainability assessment.

2.4.1. Sustainability Assessment (SA)

The consideration and integration of sustainability at the strategic as well as
company and product levels abecoming a common practice globally (Gibson,
2006b, MorrisorSaunderset al, 2014). Katest al (2001 in Musango and Brent,
2011, p. 87) explain the main purpose of SA as providing information to decision
making bodies by evaluating the sustainable dpreknt alternatives based on the
sustainability criteria at different time periods, decisiand spatiakcales. In this
respect several frameworks are developed and used globally €iagH012).

These frameworks have different methodologies, dioly the use of
indicators/indices, such as Global Reporting Initiative and Human Development
Index and lifecycle processes and rankings, e.g. life cycle assessment and life cycle
cost assessments. The detailed discussions about these are given Bt &less
(2007) and Singlet al. (2012). Some of these are discussed in the thesis in greater
detail than others. Before discussing the details of these methodologies; general

information about sustainability assessment is given based on the literature review.

SA is defined in several different ways as it is not build on a regulation like some
mandatory tools, such as SEA and EIA. Two definitions of SA are selected from the
literature. The first one, given by Morris@aunderst al. (2014, p.3839), states

that any process directing the decisimaking towards sustainability while
considering minimum of environmental, social and economic dimensions is called
SA. A more comprehensive definition for SA is given by Netsal. (2007, p.499) as

the evaluation of ntegrated natureociety systems, without distinguishing any

decision and analysis levels and also time frames in the decisikimg in order to

36



determine the acceptable and unacceptable actions for making the society more

sustainable.

Even though ther have been frameworks and applications starting from the early
2000s, the use of sustainability assessment forms has become more common and the
theory and practice of it has also been established considerably since then (Gibson,
2006b; MorrisorSaunderst al., 2014). Some of these frameworks are applied for
evaluating the sustainability levels of product and processes, i.ecydife
assessment; on the other hand, some others are applied at the regional and municipal
planning, like sustainability appraisin the UK (ODPM, 2005b).

International humanitarian and financial organizations are also initiating such
frameworks to monitor countrgpecific changes of the sustainability level over time,
such as the UN Human Development Index and Organization é@ndenic
Cooperation and Development (OECD) indices (UN, 1990 and OECD, 1998 in
Singhet al. 2012). In addition to these, there are sesgecific frameworks in order

to monitor the sustainability achievement levels of companies in a specific sector, for
instance mining sectapecific sustainability assessment and evaluation frameworks
given by Azapagic (2004), GRI (2011), IIED (2002) and Gibson (2006a).

As a result of early SA practices and their outcomes, better distribution of benefits to
reduce the ga between poor and rich and also a significant degradation of natural
systems, which started to be visible even to individuals, the popularity of SA is
promoted and also increased globally (Gibson 2006b). The detaitgpattsof the
mining sectorhow these are interlinked and thgipssibleeffects on sustainability
issue are discussad Section 2.2. In this respect, in order to consider these issues
while SA is practiced and to succeed in the integration of sustainability criteria into
decisionmaking process in practice, the consideration of the following four major

components of sustainability assessment is recommended by Gibson (2006b, p.172).

1 The decisiormakers of the focused issue must have motivation and
intention to launch potentially signifio& initiatives during the assessment
process considering the outcomes. In other words, such a process should not

be seen as an advisory contribution.
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1 The assessment should consider alternatives, options and strategies
independently without jeopardizingha of them or shifting towards those
seen as favor of decisianakers in order to consider the gains and losses on
all fronts. This is also important while defining and considering tcdtie

91 Stakeholder consultation and informing them must be seen assantial
action while specifying the sustainability decision criteria and tcdtle
rules.

1 Sustainability assessment framework must involve the process elements,
which are clear definition of purpose, consideration and evaluation of
alternatives, choosg (advising) the best available options in terms of
different conditions and monitoring the practice in order to achieve
continuous improvement.

As it is mentioned previously, SA is not a regulated tool and so the application
framework is not defined gpeby-step. However, there are principles and must
include components of SA available in the literature. Therefore, either a framework
can be developed or selected among the available frameworks by the practitioner

body by considering these principles andstinclude components.

In order to make the selection/development within a reasonable concept, Morrison
Saunders et al. (2014, p.39) suggest three SA methodologies, which can be used for

selecting the best possibly fitting one in terms of the aim ostilndy. These are;

1 EIA-driven methodology for minimizing environmental, social and
economic impacts within acceptable limits;
1 Objectiveled methodology for maximizing positive environmental, social
and economic outcomes;
1 Assessment of sustainability foetgérmining whether or not a proposal is
sustainable.
The first given one, the EHlriven methodology, is built on traditional projdmsed
environmental impact assessment. Therefore, it primarily aims to minimize the
negative impacts or ensure that thespacts will remain within legal or acceptable
limits (MorrisonSaunderset al, 2014). This may be applied at project or strategic
levels. Popeet al. (2004 in MorrisorRSaunderset al, 2014, p.39) states that this

methodology is fundamentally bakee driven. This means that the comparison is

38



done based on pmevelopment conditions and limits that can be acceptable.
However, even if such an approach is reasonable for environmental and economic
pillars, the comparison of social issues based on accepiatitie is not affective
because the determination of Gacceptabl

argumentative.

The objectiveled methodology is highly associated with SEA methods (Moryison
Saunder®t al, 2014). The main reason is that it aimgytode the best strategy for
achieving the targeted objective during the planning process (Thetiagl 2009 in
MorrisonSaundergt al, 2014, p.40).

As this model focuses on a specific objective, it has a considerable advantage when
compared to thé&lA-driven methodology, because a stigpecific sustainability
criterion should be defined for each time applying the model. Also if the definition of
specific criteria is conducted with participation of the stakeholders, the priorities of
them can be ats considered for further analysis. Therefore, this is an important
strength of the model over the previous one (MorrSannder®t al, 2014).

The assessment of the sustainability methodology aims to derive the best choice with
positive outcomes by tesy the proposed alternatives in terms of sufficiency for
obtaining the acceptable level of sustainability (MorriSaundert al, 2014). This
methodology also aims to define sustainability uniquely based on the needs and
expectations of the effectedakeholders. In this respect, it is similar to the objeetive

led methodology.

However, the difference between the objecle® and the assessment of
sustainability methodologies is that the assessment of sustainability takes a holistic
view of sustainabily. Also it is relevant to the application of the methodology for a
particular location and community just to observe how the sustainability changes by

changing the conditions without any objective (Morristaunder®t al,, 2014).

In short, these methotbgies can be applied for different purposes with different
methods that range from single indicator methods, focusing on a specific part of the
system, to holistic methods, focusing on the sustainability of the whole system with

comprehensive data setsdaanalysis (Graymoret al, 2008, p.363).
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The methods, used within the three methodologies given above, may be selected
based on the related external and objective parameters. The external parameters are
those other than the objectivend scopeelatedcriteria, such as the availability of

data, available time, financial resources, as well as the availability of experts and

human resources.

Contrary to the external parameters, the objeatlated parameters are those
directly related to the objectivend scope of the study, for instance, regional or local
analysis, sectespecific analysis, strategior projectlevel analysis, integrated or
issuespecific analysis, focusing on three pillars or considering a part of the system,

i.e. ecology, human weebeing etc.

Regarding these, the method used in this thesis is selected based on the objective
related parameters due to two reasons. The first one is that the thesis specifically
aims to integrate sustainability into stratelggel decisioamaking of aspecific

sector. Therefore, the objective of the study is more important than any other external

parameters, such as the availability of data, available time, and financial resources.

Secondly, the scope is important criteria for selecting the methegdban the
objectiverelated parameters. For instance, the scope of the sustainability concept,
involving environmental, social and economic pillars within the thesis, is not
determined based on the external criteria. Indeed, the scope of sustainability is
determined at the beginning of the thesis in order to achieve the objective fully. For
these two reasons, it is decided that the method will be selected based on the

objectiverelated criteria instead of external criteria, which are given above.

In order to do this, first the previous studies on sustainability assessment are
determined. Some of the studies, which are considered within this study, include
regional sustainability assessment (Graymeate al, 2008), urban residential
development (Xu and @ws, 2012), hybrid energy systems (Afgan and Carvalho,
2008), energy technologies (Musango and Brent, 2011; Carrera and Mack, 2010,
Maxim, 2014), sustainability assessment in agriculture (Biatal, 2010; Duartest

al.,, 2013), waste water treatment teyss (Balkemaet al, 2002), marine

technologies (Basurko and Mesbahi, 2012), and new trade agreements (Lee and
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Kirkpatrick, 2004). Other than these, MorrisBaunderset al. (2014) discuss the

details of the followup of different methods after sustainapiassessment.

Besides these, there are also several studies on sustainability assessment applications
using or suggesting different frameworks with a specific focus on the mining sector.
Some of the applicatierand case studgased studies are givéay Gibson, 2006a;
Govindanet al, 2014; Northeyet al, 2013; and Hilson, 2012. In addition, there are a

few studies suggesting frameworks for implementing sustainability assessment in the
mining sector. These studies are Azapagic, 2004; Hilson and BaG3i, Hilson and

Murck, 2000; Worrallet al, 2009; Siet al, 2010; GRI, 2011; Sheet al, 2013;
Erzurumlu and Erzurumlu, 2014, and Marnétaal,, 2015.

Nesset al. (2007) discuss several frameworks and tools used for practicing the
sustainability assssment in detail. Ness and-aothors (2007) group these into three,
which are indicatebased frameworks, produatlated frameworks and integrated
tools. Among these frameworks, more commonly used and flexible ones for the
application of different susir@ability studies are selected and giverilable 2. The

given frameworks are compared based on the characteristics, including coverage,
sustainability scope, decisianaking and spatial levels and finally data axgertize

need levels.

The frameworks iMable2 have strengths and weaknesses in terms of the objective,
scope, decisicimaking and spatial characteristics and also data, time and expertise
needs. Hence, some thiese frameworks, e.g. sustainability reporting guidelines and
cooperate social responsibility, are more flexible than others. This means that these
frameworks can be applicable for different sectors and scopes as well as being less

dependent on the avalilifity of the data and expertise.

The third group, given by Ness al. (2007), is integrated assessment tools. This
group involves tools like system dynamics, muatfiteria analysis (MCA), risk
analysis, cosbenefit analysis and also impact assessmenish as EIA and SEA.

Among these, MCA is discussed in Section 2.4.1.1.

41



A%

Table 2. Indicatorbased and productlated sustainability assessment frameworks and characteristics

Criteria Spatial Level Data and
Sustainability Decisiormaking level (national, expertize
cosrz;;enrgn ;’y\/;zlﬁl regional, local) need
Pillar Product Project Strategie .

Framework specific Integrated related S level level N R L sl e
Ecological
footprint+2 2 A v v . v v \
Wwell-being Vv Vv Vv Vv Vv Vv V. V VvV V
assessmernt?
Quality of life'? \Y \ \ \ \ \ \Y \ \ \ \
Ecosystem health  V \Y \Y; \Y; vV Vv \Y \Y
Natgral' _resource Vv Vv Vv Vv Vv Vv Vv Vv
availability!
Human
Development Vv Vv V \% \% \%
Index? ¢
Sustainability
Performance Vv Vv Vv Vv vV VvV Vv
Index? ¢
Life Cycle Index © \Y} \Y \Y \Y \Y} \Y
Environmental
Sustainability Vv V \% \% \
Index f
Environment Vv Vv Vv Vv Vv v v

Quality Index?
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Table 2 (continued)

Criteria Spatial Level Data and
Sustainability Decisiormaking level (national, expertize
cosrz;;enrgn ;’;2%'; regional, local) need
Pillar Product Project Strategie .

Framework specific Integrated related el level level N R L Al ey
Environmental
Performance \% \% \% \% \% \
Index?
Sustainability
Reporting Vv Vv \% \% \% \ \
Guidelines®
UNCS Dzo S Vv Vv v v v
framework* 9
Social Life Cycle Vv Vv Vv Vv Vv
Assessment
Corporate Social
Responsibility? \ \ v v \ \ \ \
Notes Original works are developed or discussed by Sources:extended from
(these references are given in Simglal, 2012, p.28-295) 1 Graymoreet al., 2008, p.363867
2Wackernagel and Rees, 1996; Chambers and Lewis, 2001 2Singh et al., 2012, p.2815 and Nesst al.,2007
bPrescottAllen, 2001 UN, 1990 3Global Reporting Initiative, 2013
d Narodoslawsky and Krotscheck, 1994 ©Khanet al, 2004 4Balkemaet al, 2002, p.155.56
"WEF, 2002 9 Labuschagneat al., 2005 > UNEP, 2009
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Nesset al. (2007) highlight that integrating the indéased frameworks, given in
Table 2, with the integrated assessment methods, such as EIA, SEA and SA,
contributes to the integration of sustainability into stratégyel decisiormaking
systematically, because it is explained by Nessl. (2007, p.505) that using the
indicators and the integrated assessment methods in the same framework contributes
to meeting the factors, such as the spatial coverage, flexilifity integration

capability, successfully.

Spatial coverage indicates the capability of using the tools at different levels from
project to countrylevel applications. For instance, a specific impact can be
calculated for a region or at the national lelg aggregating the indicators while
different integrated assessment tools are -de¥eloped for different levels of

decisionmaking (Nes®t al, 2007).

Flexibility is the capability of modification and 4@esign of the system components,
like indicatos and indices, based on the need of the deemmkers, such as specific
sectoral studies or different scope and focused studies. Integration capability is
another important factor used in order to integrate the environmental, social and
economic pillarsnto the analysis and decisionaking system successfully (Nests

al., 2007).

For a comprehensive discussion and explanation of indicator and integrated
assessment tools, which are used for sustainability assessment, the studetsaNess
(2007) and Sigh et al. (2012) should be seen. As it is discussed in detail in these two
studies, several different methods are used for evaluating and comparing the
projects, plans, products and companies in terms of sustainability. Thecraltia
analysis (MCA)is one of these methods and it is used in this thesis for the
assessment of mining plan alternatives. Therefore, the reason for selecting it for the

assessment of the alternatives and its characteristics are discussed in Section 2.4.1.1.

2.4.1.1. Multi-Criteria Analysis (MCA)
The multicriteria analysis aims to identify the most preferred option through ranking
them and so distinguishing the acceptable option from the unacceptable one (DCLG,
2009, p.19). The MCA is subject to growing interest in decisi@aking studies and
practices. One of the main reasons for this is given by DCLG (2009, p.19) as the
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need for dealing with the large amounts of complex information in a consistent way
during the decisiomaking process. The Framework Convention on Climét@nGe
(UNFCCC, 2015) of the UN also stresses why the MCA is used often and also
considered as a practical tool for decismaking assessments with different
parameters. Regarding this, one of the primary reasons of its popularity is its
handiness to dealith different subjects with different units througboring, ranking

and weighting approaches.

Another UN organization, Food and Agriculture Organization (FAO, 2015), stresses
the benefit of using multiple qualitative and quantitative indicators simwaiteshein

order to support decision in the field of natural resource management. In this respect
the MCA is regarded as a valuable tool at the natural resource management practices,
because it generates priority ranking of the focused issues. So thisgraakirbe

used effectively to compare relative performances of the management and decision
alternatives based on different objectives and stakeholder preferences (FAO, 2015).
Due to these, the MCA is selected for the thesis. A summary of the prominent

featues of MCA methods are givenrable3.

Selecting the most suitable one among various MCA methods is an important issue
for practicing the MCA. Among several methods, the Mciiieria decision analysis
(MCDA) is used for this study. The MCDA is one of the MCA methods, used by

both private and public sector stakeholders.

The reason for selecting the MCDA is that it can be applied at different spatial levels,
it is flexible and also it allows the practitioner tonsider the pillars of sustainability.
Additionally, the following features of the MCDA completely fit into the targeted

asessment process in this study.

The main feature of the MCDA is that it orders the alternatives from the most
preferred one to thest preferred based on the objectives defined by the practicing
body. In fact, none of the alternatives may achieve all the objectives; however, the
one fulfilling more objectives than others may be considered as the best option or the
best beneficial onDCLG, 2009).
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Table 3. Characteristics of the MCA

Cons Pros

The selection of weighting V Good option for dealing with large ar

criteria leads to subjectivit  complex data

issues V Offering a number of ways of aggregati

The score and weights ust  the data on individual criteria

may lead to subjectivity V Objectives, scoring and weightingriteria

issues (if these are nc are selected/defined by decisiorakers

defined in a clear an V Impacts/criteria in different units can

evidencebased manner) considered

Tradeoffs and conflicts V Both qualitative and quantitative informatic

appear among the objectivi  sources (data) can be used

and alternatives V Considerations and comparison of differe
alternatives, conflicting objec#®s and
stakeholder preferences

Limitations Strengths

While welfare loss is seer V Use of scores and weights is useful for la

improvement in  welfare  auditing

cannot be shown V Useful for internal and  extern:

Single  MCA  approact communication and presenting results

method cannot be applied fc V It is an open and explicit approach

all circumstances V Numeric values, scoring or color coding ¢

The assessment resu be used for perforance assessment

should be considered ¢ V Useful for breaking the complex probler

decision aid, nott h e

into manageable pieces in order to provid

possi bl ed opt coherentpicture for decisiemakers
V It is open to easier auditing and exter
evaluation
V Effectively supporting decisions, involvin

tradeoffs amongconflicting objectives

Sources: extended from Nestsal, 2007;DCLG, 2009; UNFCCC, 2015; FAC
2015; Maxim, 2014, Wangt al,, 2009

Moreover, the MCDA is applied to see possibly more beneficial alternative(s) among
different possible decision altatives; its outcome helps the decisimaking
authority to focus on these for detailed analysis-carst timeeffectively. Therefore,

the outcome of the analysis should be used and considered as a d®aikiog aid,

not the decision itself (DCLG, 2009n this way, the obtained MCDA results at the
strategic level prevent decision authorities to spent time and financial resources to
anal the Oworsto det ai l

yze alternative(s) 1in

For these reasons, for the mining sector, this means that after elimifgng tb wor st 6

alternative(s) at the strategic level, the preferred projects that are dependent on
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alternative plans must be analyzed with tools like EIA and SIA to understand the
impacts and minimize and mitigate the negative ones. Although this study does no
aim to discuss neither the MCA nor the MCDA comprehensively, the steps for
applying the MCDA and the details are given below (DCLG, 2009, p.50);

1. Defining the decision context
1.1.1dentifying the aims of the MCDA, decision makers and key players
1.2.Designing he societechnical system for conducting the MCDA

1.3.Considering the context of the assessment
2. Determining the alternatives

3. Determining the objective and evaluation criteria (sustainability criteria in the

case of this study)
3.1.1dentifying the criteria fomssessment

3.2.ldentifying the priority of the criteria in a hierarchy

4. Assessig each alternative against the criteria (with indicators in this study).
4.1.Score the options on the criteria (based on the indicators)

4.2.Check the consistency of the scores on eaitbrion

5. Determining the weights for each criterion (indicator) to reflect their relative

importance to the decision

6. Combining the weights and scores for each option to derive an overall value
(Determining weights for each sustainability pillar in erdto obtain the

sustainability score of each indicator)

6.1.Calculating overall weighted scores at each level in the hierarchy

(calculating the weights of each pillar based on their priority)

6.2.Calculating the overall weighted scores (of each alternatives)

7. Examining the results (evaluating and reporting the results in this study)
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8. Sensitivity analysis

8.1.Conduct a sensitivity analysis: do other preferences or weights affect the

overall ordering of the options?

8.2.Look at the advantages and disadvantages of tlextedl options, and

compare pairs of options

8.3.Create possible new options that might be better than those originally

considered.

84Repeat the above steps until a O6requisit
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CHAPTER 3

THE SUSTAINABILITY INDICATORS FOR THE MINING SECTO R

The principal aim of this study is using indicators for evaluating the sustainability
levels of plan alternatives in the mining sector. Therefore, among the available
indicators, the determination of the best fitting indicators with the objective and
scope of the thesis is needed. In fact, as sustainability assessment (SA) can be
applicable at different decisiemaking levels and the thesis focuses on the strategic
level SA, the obtained indicators must be classified in terms of the characteristics of

the corporate/projedevel and strategitevel assessment.

Regarding these, the chapter involves two sections. The first section, Section 3.1,
discusses what an indicator is and the main features of indicators. Section 3.2
presents the global environmahtsocial and economic indicator sets, which are

developed based on the literature review and these are highly related to the mining
sector. In addition to this, the section discusses the systematic inventory of the

indicators as applicable at projeatd strategielevel.

3.1. Definition of Indicator

Before discussing the mining sector, the specific indicators in Section 3.2 and the
definition and basic functions of indicators are discussed in this section. An indicator
is defined byPagina (200@itedin Moleset al, 2008, pl54) as;

Al ndi cators are pieces of i nformati on

phenomena and highlight the trends of system functioning,
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through summarizing or typifying the characteristics of particular

systemo

Hence, indicators are aafsl source of information for understanding, monitoring
and evaluating the systems and their interactions with society and/or ecosystems,

such as the mining operations and their impacts.

Indicators are practical tools for simplifying and compressingdidia as well as
obtaining scientifically credible information on measuring complex issues (Hatber!
al., 2004 cited in Moles et al, 2008 p.154). Furthermore, three basic functions of
indicators are given by OECD (199%ited in Moles et al, 2008 p.154) as

simplification, quantification, andommunication.

Simplification is important for analyzing the complex systems and phenomena as
well as trends of a system within a time frame. This is also an important function for
achieving effective communicaticmmong the stakeholders. As simplification is an

important aspect of indicators, the indicator sets or indices should also accomplish
this. Therefore, the number of indicators in a set or index is also important in order to

simplify a complex system asi# aimed (Molest al, 2008, p.154).

However, the simplification feature should not cause the elimination of indicators
more than necessary in order to avoid the exclusion of important information (Moles
et al, 2008). Contrary to this, if too many arsed, this may cause management
problems, including timeand costrelated problems (Graymoeg al., 2008). Also,

such complicated large indicator sets conflict with the simplification aspect.

In order to obtain and monitor the sustainability level of lanpalternative,
compression must be done in a standardized approach. Therefore, the quantification
feature of indicators is also highly significant. This is especially important for social
indicators since most of the available social indicators givediténature are
gualitative. Once the quantification is achieved, the compression of indicators
relative to a reference value, i.e. threshold, becomes possible. In this way, what an
indicator says about sustainability can be better understood (Castelthrsaden

2013).
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Communication is the third function of indicators to be discussed here and it involves
two targeted audiences, which are internal and external stakeholders. As there are
many examples, different actors of the mining sector, including goetal bodies,
international organizations and companies, investigate sustainability of their actions
either for internal auditing and monitoring purposes or external stakeholder
communication purpose. And indicators are used for some of these analgbess su
Global Reporting Initiative (GRI) of ICMM (GRI, 2011) and Azapagic (2004). By
using such approaches, the sustalitglperformance of a compangr a decision

can be possibly communicated with the stakeholders (GRI, 2011).

In this respect, selectinghdicators with easily internalized and understandable
characteristics I's of big i mportance. £
translate both internalyelevant and externalynportant sustainability issues into

the representative measuresof jeor manceo ( Azapagi c, 2004,
is not an easy task because translating all the sector/comgatsd issues into
sustainability assessment indicators may conflict with the simplification feature, as it

was discussed previously.

Besices the above given definition of an indicator and three important features of

indicators, indexing indicators under different dimensions are also considered for
further discussions in this section. In fact, different terms, i.e. dimensions, principles,
themes, domains, capitals, pillars and a number of groups, are used for indexing the
indicators in different studies, based on the scopes of the studies. For instance,
ecological instead of environmental and also technological and governance
dimensions are esl by Giurco and Cooper (2012) besides social and economic

6di mensions©®6.

Another example is taken from Moles al. (2008), in which indicators are grouped
under four oO0domains?©o, which are environr
economic. Worraleta. @ 009) have grouped the indicat
which are environmental, soemlitical and economic. The fourth and final example

is from the study of the United Nations Commission for Sustainable Development

that has four core inditor groups, which are economic, social, environmental and
institutional (Singhet al,, 2012).
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As a result of the previous studies, especially those about the mining sector and
sustainability assessment, as well as by considering the objective andbeo$the

study, three dimensions of sustainability are used in this study. These dimensions are
environmental, social and economic. The inventory of the indicators is conducted

under these dimensions in Section 3.2.

3.2.Classification of the Mining Sector Related Sustainability Indicators

Using theindicatorsis proposedfor evaluating the strategic alternative$ the
mining sector plansn terms of studyspecific sustainability criteriaand land
degradation Therefore, seleain of appropriate inditars is necessaryfor
conducing such an assessment.

In order to select the indicators that are applicable under a specific study, alternative
indicators are needed. For this purpose a global indicator set is developed for
practicing indicatotbased sustaability assessment of the mining sector. The
indicators are collected from the mining seatelated sustainabilityliterature
published in scientific journal articles, international and sectoral organizasool
as,the United Nations (UN), the WarIBank (WB), the Organization for Economic
Cooperation and Development (OECD) and also sectoral organizations, i.e. the
Mining Association of Canada, the International Institute for Environment and

Development (IIED).

As a result of the literature revievd23 indicators, which are applicable for the
mining sectoirelated sustainability studies, are determindte collected indicators
are grouped under themes and these are listed under environmeaiall, and
economic indicatortables, given in AppendixB. These tablesinvolve 146

environmental, 131 social and 46 economic indicators, respectively.

Even though all the collected indicators are directly related to the mining sector, their
application scales and scopes are quite wide. Therefore, thesetdrslicae
considered as a global indicator set for the sustainability evaluation of project and
strategy alternatives in the mining sectdihe global indicator set is a useful
directory for conducting indicatdsased sustainability assessment studies with

different objectives and scopes in the mining sector for different cases.
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In this respect, before implementation of the indicator selection step in the developed
framework for the strategidevel assessmenbf the mining sector plag the
indicators are rexed to be classified in terms of the characteristics of stradBagt

(SL) and projectevel (PL) assessments. These characteristics are givabie4.

As it is given inTable4, the PL assessment considers the impacts of specific projects
or companies and mitigating the negative ones and enhancing the positive outcomes.
Hence, a specific and concrete project with all the details lies at the center of the
assessment. dvever, the SL assessment considers the sustainability criteria and it
aims to integrate them into the decisimaking process while preparing the strategy.
Therefore, in such case, no concrete action has been taken yet. In this respect, very
tangible infamation is available in the PL as all the details of the focused subject are
known. For instance, specific health and safety risks or the ratio of employed women

and men are assessable in detail at the PL and corporate level.

However, none of such tangéinformation is available at the SL level because the
SL assessment does not aim to evaluate any specific project or organization in a
specific area but it aims to understand the pros and cons of proposing a plan and
program, which may affect several Iticms and also environment, society and

economy cumulatively.

Moreover, as the scale and alternative consideration criteria are consid@uldn

4, PL issues are at the micro level with a specific time frav@eover, possible
design and location parameters can be comparable. Contrary to this, the SL scale and
alternative criteria are uncertain in terms of spatial, technological and time frame

characteristics.

As an example, if the SL focuses on energy potiog maximal use of domestic
natural resources with the SL is aimed, there are several possible plans developed
and these may lead to hundreds of projects. In such a case, the SL cannot evaluate
the health and safety risks of all the possible alternatypexifically but it can
discuss the limits that must be considered during further studies based on the
previous experiences. As a result of considering these criteria, the classification of

the indicators in terms of the SL and PL is conducted.
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Table 4. Characteristics of projedevel and strategitevel assessment

Characteristics of

Criteria : ,
Project-Level (PL) Strategic-Level (SL)
Decisiormaking with full Decisionmaking with the
knowl edge of aintegration of environmental
significant environmental considerations into the
Objective effects, and that any negative preparations and adoption of
effects are prevented, reduced plans and programs with a
or offset, while positive effects view of promotiry sustainable
are enhanced development
1 What are the  mair o
characteristics ~ of  thd 1 What are the objectives o
projects? decisionmaking body?
f Where is it located? I What are key drivers?
1 What are projec 1 What are strategic options”
Scope alternatives? 1 What are key restrictions?
1 What are its main physica q \what are major interests?
social, economic effects? _
_ o 1 What are the most importal
1 What are its major impacts? — ngjicies to be met?
1 What are the mitigatiot
measures?
Considered impacts: Micro Considered Impacts: Macro
scale, global, national and
scale, mostly local .
Scale regional
Consdered time: medium to . .
Considered time: long to
short term .
medium term
Spatial balance of location,
Alternative Specific alternative locations, technologies, fiscal measures

consideration

design, construction, operatior

Depends on the specific case
and mostly quantified.
Examples of tool and

economic, social or physical
strategies

Quantification of assessment
more difficult due to greater
degree uncertainty but
quantified approaches also

Tools and techniques: field surveys for .
. . possible. Examples of tool an
techniques data collection, overlay . _ )
: . techniques: forecasting,
mapping, lifecycle assessment g . .
: . : scenario analysis, muti
cod-benefit analysis, muki L . .
o . criteria analysismathematical
criteria analysis :
modelling
Sources: Developed based-80n TRhSRRB vx
2005, Yayl-hk,e R®»OBi:d8MWi o 2011, MoE

54



Consequentlyglobal SL indicator setsnder the environmental, social and economic

pillars are degloped and these are given iffable 5, Table 6 and Table 7,

respectively. The rest of the indicators in Appendix B, which arginet in the SL

tables below, are classified as PL indicators under the environmental, social and

economic indicator sets and these are also given in Appendix C. In this respect, the

indicators given under the PL tables can be used for sustainabilitysesnally

projects orcompanies with the developed sustainability assessment framework in

this thesis for théuture studies.

Table 5. Strategielevel global environmental indicator set

Indicator
ID Indicator Unit IDin
Appendix B

Percentage of each resource extracted relati

E1l the total amount of the permitted reserves of % 3
resource

E2 Percentage of the expected solid loss and h % 4
lossto the current conditions

E3 IPercentage of the expected reduction of the % 5
andscape quality

E4 Total water withdrawal by source Description 19

E5 Water sources significantly affected by Number 23
withdrawal of water

E6 Decrease in the groundwater level m3 24

E7 Shortage of water that sustains biodiversity Descripion o5
sectors

E8 Total land area that needs to be rehabilitatec ha 42
Percentage of the land area rehabilitated rel:

E9 to the total land area occupied by the closed % 43
mines/quarries awaiting rehabilitatiomeed to
be rehabilitated
The net numbeof trees planted (after thinning

E10 and after subtracting any trees removed fort Number 46
extraction activities)
The number of IUCN Red List species with
habitats in areas affected by operations (Nur

E11 of IUCN Red List species and national Number 50

conserv#on list species with habitats in area:
affected by operations, by level of extinction
risk.)
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Table 5. (continued)

Indicator
. : ID in
ID Indicator Unit Appendix
B
E12 Percentage of forest damaged by defoliation % 52
The number and percegiof total site areas Number &
E13 . o = A ) 58
identified as requiring biodiversity managem: %
E14 Habitats protected or restored Description 59
E15 Loss of high mountain vegetation 60
E16 Loss of wildlife habitat 61
E17 Death and displacement of wildlife 62
E18 Effected area of selected key ecosystems ha 63
E19 Size of land in/ on protected areas and areas ha 64
high biodiversity value outside protected are:
Amount of land disturbed or rehabilitated dut
E20 . - ) ha 65
mining operations
Total areaof permitted development (mines a
E21 .1l other facilities) IE! 22
E22 Tot_al_ I_and area newly opened for extraction ha 93
activities
Percentage of newly opened land area relati 0
= total permitted development & A
E24 Total land area covered by andier rain forest ha 95
that was cleared for extraction activities
The number of sites on environmentally
E25 protected or sensitive areas, including both  Number 96
current and planned developments
E26 Loss of arable land ha 97
Loss of arable lanfdue to power station and
=21 other infrastructure) i 2
E28 Amount of land consumption ha 99
E29 Area change from greenfield to brownfield ha 100
E30 Land qnder erosion risk due to mining ha 102
operations
£31 Land u_nder salinization risk due to mining ha 103
operations
£32 Land qnder contamination threat due to mini ha 104
operations
Total waste extracted (nesaleable material,
= including overburden) UCIES Lt
E34 Total amounts of overburden, rock, tailings, i m3& 109
sludge and their associatasks. Description
Reduction of landscape value due to 0
232 infrastructure problems caused by operation: & L2
£36 Cutting the biological wildlife corridor due to Number 129

mining sector operations
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Table 6. Strategielevel global social indicator set

#in
ID Indicator Unit Appendix
B
S1 Percentage of indirect relative to direct jobs % 3
Net employment creation expressed as percent
S2 L ) . % 4
contribution to employment in a region or count
s3 Tota! number of operaties taking pl_ace in or Number 51
adjacent to Indigenou
The number and percentage of operations or si
S4 where there are formal agreements with Number & 52
|l ndi genous Peoplesbd c %
The number of proposed developmethiast
2 require resettlement of communities NS %
Percentage of employees sourced from local
S6 communities relative to the total number of % 61
employees
S7 Reduct.lon of basu; services for the people (hea % 69
education, recreation, etc.)
Thenumber of households resettled due to
S8 proposed developments (Displaced population) Number  70&78
S9 Population growth rate change before after % 72
310 Dependency of women and people aged 18 an % 73
older [before and after]
S11 Change in urban popuian % 74
S12 Net migration rate (incomers/outgoing) % 75
S13 Change in qualified population % 76
s14 The number of archaeological sites affected fro Number 77
the strategy
S15 P_grcentage of migrated population to different % g2
cities in displaced populain
S16 Infrastructure expenditure per capita mounneittary 83
Change in the number of schools Descrigion
LY or Numbel 5
s18 Change in the number of health service points Descriptior 85
open to public or Nbr
S19 Change in the number of publtildings Descriptior 86
or Number
$20 Vehicle acceSS|b|I|t3§ffected Number g7
settlements/population
s21 égfv?(fs;blllty of information/communication Descriptior 38
S22 Recreational area per capita m2 89
S23 House price to income ratio % 90
S24 Net income change per capita % 91
S25 Total new land acquisition ha suggested
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Table 6. (continued)

_ : #in

ID  Indicator Unit A ppendix B

S26 Change in recreational area after mining opera ha ngg:gtgg
(due to mining operations) #21 anl 22]

Percentage of local population thinking
S27 of/observing a change in recreational area aftel % suggested
mining operations (due to mining operations)
Percentage of local population observing/expec
positive change, sourced from current/plashn
mining operations in their region in terms of soc
background
Percentage of local population considering the
mining sector investment as a potentially positi\
contributor to overcome local problems in terms
employment
Percentage of local population considering the
mining sector investment as potentially positive
contributor to overcome local problems in terms
infrastructure
Percentage of local population thinking
of/observing the mining seatas a potential sourt
of conflicts at the local level in terms of corrupti
social instability
Percentage of local population thinking/observii
the mining sector as a potential source of confli
at the local level in terms of envimnmental issues,
including land use and land acquisition
Percentage of local population thinking
of/observing improvement in
information/communication among the mining
sector actors and local public
Percentage of local pafation thinking/observing
S34 accessibility to information about land % suggested

management, new mining plans etc. is in place

Percentage of local population thinking/observii

S28 % suggested

S29 % suggested

S30 % suggested

S31 % suggested

S32 % suggested

S33 % suggested

S35 ways of public consultation/participation are in % suggested
place
Percentage of local population thinking suggested
S36 of/observing the mining sector as a potential so %

of problems at the local level in terms of

environmental pollution

Percentage of local population thinking/observii suggested
the mining sector as a potemtsurce of problem: %

at the local level in terms of health and safety

issues

S37
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Table 7. Strategielevel global economic indicator set

. , #in
ID Indicator Unit Appendix B
Ecl The amount of sellable product production tonnes 2
Earnings from all sellable products based o1 monetary
Ec2 N : . 4
todayos mar ket price uni
Added value to primary resources by further
: : monetary
Ec3 processing to seamanufactured and . 5
unit /tonne
manufactured products
Ecd Value-added per unit value of extracted monetary 6
reserve unit/tonnes
Ec5 Ratio of lowest wage to national legal % 13
minimum
Percentage of revenues that are redistribute
Ec6 to local communities from the relevant areas % 20
of operation, relative to theet sales
Investments into community projects (e.g.
Ec7 schools, hospitals, infrastructure) as % 21
percentage of net sales
The total sum of all types of taxes and monetar
Ec8 royalties paid/will be paid by extraction of th unitlyr y 22
natural resource
Eco Direct economic value generated and monetary 27
distributed unit/yr
Development and impact of infrastructure
investments and services provided primarily monetary
Ecl10 ; . , A : 34
or public benefit through commercial,-in unit/yr
kind, or pro bono engagement.
Understanding and describing significant
Ecll indirect economic impacts, including the Descriptior 35
extent of impacts.
Ecl2 Tax payment of the mining operations mounneittary 37
Ecl3 Percentage of royalty payments to expectec % 39
revenues fromelling the extractable reserve
Ecl4 Produced goods or services per land input % 44
Ecl15 Total cost of land acquisition mounne;ttary suggested
Ratio of economic growth in the region
Ecl16 before and after the mining sector % suggested
investment(s)
Ratio of share of ¢ttt
Ecl17 national GDP before and after the mining % suggested
sector investment
Recovery of reserve
Ecls tonne / estimated tonne) % suggested
Ec19 Ratio of total tax payments in the feq % suggested

before and after the mining operations
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Table 7.(continued)

#in
ID Indicator Unit Appendix
B

Ratio of tax payment of the mining operatior
Ec20 t ot all l ocal /traditd. % suggested
payment specifically in the mininigense aree
The number of families (individuals) need to
change somehow their traditional source of
income, i.e. forestry, fishery, farming etc. du
land acquisition and/or mining operations
Ratio of the numbeof local families benefiting
from the mining sector directly by employme
in the mining company to the number of
families benefiting from the traditional
economic activities on the mine operational
area
Ratio of the number of familiesbefiting from
the mining sector indirectly by employment i
the auxiliary sectors of the mining sector to
number of local families benefiting from the
traditional economic activities on the mine
operational area
Ratio ofunit land vdue in the region before a
during (after) the mining operations
Ratio of generated economic value on per u
Ec25 land before and during (after) the mining % suggested

operation

Ec21 Number suggested

Ec22 % suggested

Ec23 % suggested

Ec24 % suggested

In addition to the collected indicators from the literafuseveral indicators are also
suggested in this thesis. The suggested indicators are marfeegjgssted]in Table

5, Table6 andTable7. As it can be seen in these, there are 13 indicators under the
social pillar and 11 indicators under the economic pillar are suggested for the

strategielevel global indicator sets in this thesis.

The first reason for suggesting indicators @sidering and covering the missing
significant issues in the classified SL sets. These missing significant issues are
determined during the literature review on the sustainability and the mining sector

and these are given in Chapter 2. By consideringntieeaction of sustainability and
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the mining sector during the classification of the indicators, the missing subjects are
covered with these suggested indicators.

Moreover, especially the issues suggested with indicators given in the social pillar
are hidily related to the observed subjects, problems and needs mentioned by the
local stakeholdersduring the facdo-face discussions and focus group meetings in
the case study region. The suggested indicators due to the lack in the available
indicator lists a& given inTable8.

Table 8. The suggested indicatobased on lacking dlhe strategidevel

ID Indicator
S25 Total new land acquisition
S07 Percentage _of_ local popl_JIation thinking_m_arving a change in recreation:
area after mining operations (due to mining operations)
Percentage of local population observing/expecting a positive change
S28 sourced from current/planned mining operations in their region in tern
social backgrouth
Percentage of local population considering the mining sector investme
S29 a potentially positive contributor to overcome local problems in terms «
employment
Percentage of local population considering the mining sector investme
S30 a potenially positive contributor to overcome local problems in terms o
infrastructure
Percentage of local population thinking/observing the mining sector a:
S31 potential source of conflicts at the local level in terms of corruption, so
instability
Percentage of local population thinking/observing the mining sector a:
S potential source of conflicts at the local level in terms of environmenta
issues, including land use and land acquisition
Percentage of local population thinking/observingriovement in
S33 information/communication among the mining sector actors and local
public
Percentage of local population thinking/observing accessibility to
information about land management, new mining plans etc. is in place
S35 Percentage of local palation thirk/observe ways of public
consultation/participation are in place
Ec15 Total cost of land acquisition
The number of families (individuals) needing to change somehow thei
Ec21 traditional source of income, i.e. forestry, fishery, farming éte to land
acquisition and/or mining operations
Ratio of unit land value in the region before and during (after) the mini
operations

S34

Ec24
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The second reason for suggesting an indicator is that after the inventory of the
indicators as PL and SL, & bbserved that the subjects of few indicators, which are
classified as PL, are not covered by any ofcBissified indicators, for instance,
health and safetyrelated issues, adde@lue related issues and letgyms benefits

of the mining sector at theegional and local levels. In order to prevent the lack of
these important subjects in the assessment of the mining plan alternatives, the
indicators given inrable9 are suggested in this thesis.

Table 9. The suggested indicators based on the strateget assessment needs

ID Indicator
S26 Change in recreational area after mining operations (due to mining
operations)
Percentage of local population thinking/observing the mingujos as a
S36 potential source of problems at the local level in terms of environment
pollution
Percentage of local population thinking/observing the mining sector a:
S37 potential source of problems at the local level in terms of health and s
iISSLes
Ratio of economic growth in the region before and after the mining se:
investment(s)
EC17Rat.i.o of. share of the regionbs
the mining sector investment
Ec18 Recovery of reserve (ratio of alternaiv s </ estimated tonrs}
Ec19 Ratio Qf total tax payments in the region before and after the mining
operations
Ratio of tax payment of the mining operation to total local/traditional
economic activitiesd t axlicgnaeyaraz n
Ratio of the number of local families benefiting from the mining sector
directly by employment in the mining company to the number of famili
benefiting from the traditional economic activities on the mine operatic
area
Ratio of the number of families benefiting from the mining sector indire
by employment in the auxiliary sectors of the mining sector to the nun
of local families benefiting from the traditional economic activities on t
mine operational area
Ratio of generated economic value on per unit land before and during
the mining operation

Ecl6

Ec20

Ec22

Ec23

Ec25
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As a result of adding the suggested indicators, which are discussedimi@ze 8
andTable9, the total number of indicators, under the global indicator sets, increases
to 349. The resulting new distribution of the indicators is as follows: 148
environmental indicators, 144 social indicators and 57 economic indicators,

including both the strategitevel and also the projettvel indicators.

As it is given inFigure 3, the environmental indicator set under the SL includes 36
indicators. The SL under the social indicator set involvem@itators, 13 of which

is suggested. The third SL includes also 35 indicators under the economic indicator
set and 11 of them are suggested in the thesis. The rest of the indicators are grouped
under the PL tables, which are also given in Appendix C.

Global Indicator Set
(349Indicators)

- v
Environmental Indicators Social Indicators
(148 Indicators) (144 1ndicators)
/\ /\
SL SL
GS: 36 f1L2 GS: 24 PL
S: 13 107

GS: Indicators obtained from the global set
PL: Prgect-, companylevel indicators

S: Indcators suggested in this thesis

SL: Strategielevel indicators

Figure 3. The number of indicators under three sustainability pillars
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CHAPTER 4

THE DEVELOPED SUSTAINABILITY ASSESSMENT FRAMEWORK

The primary objective for developing the framework is to integrate the sustaina
criteria into the strategitevel decisioamaking of the mining sector plans. The
framework is discussed based on the details of the methodological steps, which are
shown inFigure4. The figure shows theegs of the framework in colors. The steps,
given in the orangeolored boxes, are related to the strategy under investigation. The
boxes with green color ifrigure 4 indicate the sustainabiliselated steps of the

framework. The blue boxes indicate the analysis steps of the developed framework.

The-codor bFgweedsi nidn cat e the screening cri
conduct the action shewn aire tnpadecpeabdeend,
whi chtimaant Hrernycoudty tb €oentry, region to region and company to
company. In this respect, the actions, which are given in colored boxes, are directly

affected from the independent parameters, shown nexdio colored box.

Hence, the practitioner should be aware that she/he should start to apply the steps
determined in the colored boxes after identifying the issues in tfe®loo boxes.

Lastly, the lines between the boxes illustrate which action affeetsether one. The
direction of the arrow and the color indicates the affecting and affected actions. The
dash line inFigure4 means that the screening criteria also affect the action shown in

the colored box.
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4.1 Objective of the Strategy (Step 1)

The application of the strateglievel impact analysis is expected to be initiated while
the development or revision of a policy, plan or any other regulative action at the
strategielevel is raised by the decisianaking bodies. This is enormously important
because strateglevel analysis is considered as the most convenient level for
understanding, mitigating and minimizing the negative impacts while increasing the
positive ones, especially in the field of naturaaerce management (Coelabal,

2006; Forman, 1995; Brunckhorst, 2000 in Graynwiral, 2009, p.454).

In this respect, once such development or revision is initiated, the first step of
starting the strategievel sustainability analysis is definindpe objective of the
strategy that is under consideration. In this way the direction of the possible
developments and impacts of the issue can be identified. Without determining the
objective clearly, the implementation of the sustainability assessmdnhatilbe
effective. The reason for this is that the identification of a clear and sound objective
will improve the efficiency of the whole process and will be the primary requirement

for obtaining the reasonable SA result.

While determining the objectivef the strategy, global and/or counspecific
conditions should be considered in order to observe the reason for development or
the need for revising the strategy. This is also showsigare4 with a nacolor tox

as an independent parameter in the framework. Regarding this independent
parameter, the objective of the study should be determined based on the related
legislation, official documents, i.e. white paper, international treaties or higher

strategic docunms, such as policy documents.

4.2. Scope and Targets of the Strategy (Step2)

The second step of the developed framework is defining the scope of the strategy and
targets to be achieved within the scope of the strategy. Once the objective of the
strategyis determined considering thé @ b a | ands/poercicfowntcroyndi t i ons
scope of the strategy can be seopesobthedef i ned ¢
developed or revised strategy is highly shaped by the political stakeholders through

policy dowments, where the direction of the plans and programs are shaped.
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Figure 4. Theindicatorbased sustainability assessment framework
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Once the scope is determined considering the objective of the strategy, the targets are
determined or obtained from the strategic documents. The targets are the aimed final
destination of the applied actions and the limits of them are generally defined by
decisionmakers. Increasing the share of energy generation from the domestic
primary energ resources from 10% to 15% by 2020 is an example for such targets,
which are defined by the decisimmaking authority. As it is seen, the target involves

numbers and also a time frame.

In this respect, the scope and targets of the strategy are affeatedrom county
specific conditions than global issues. Therefore, it can be said that the determination
of the scope and targets of the strategy is conducted by examining the policy while

implementing the framework.

4.3. Sustainability Concept (Step 3)

Sustainability, especially the relation of sustainability and the mining sector, is a
complicated issue. In case of practicing the developed framework in practice for the
mining sector strategic planning, the outcome of the discussion in Chapter 2 can be
used. However, if the framework is applied for a different sector, than the
sustainability concept must be discussed in terms of the focused sector by following

the discussion given in Chapt&arThese are also illustratedkigureb.

First of all, the literaturdbased understanding of the mining sectdated
sustainability concept is important. As the sector has highly conflicting
characteristics with the concept of sustainability, the literature will help the
practitioners unerstand the main issues about the context of sustainability for a
specific study. This study should be conducted in terms of international and eountry
specific studies and discussions. Based on these studies, global and national

sustainability concepts ierms of the sector is determined, as it is showkigureb.

Once the context of sustainability is obtained from the literature, this should be

discussed in terms of the scope and the targets of the focused strategy. Tteese step
act like a kind of a screening approach, which helps the practitioner localize and also
focus the concept for the studied strategy. At the end of these, the sustainability

concept of the SA is obtained.

68



l denti ficati o-n l denti ficati on-
related sustaatitmgabi (|lriet] yat Setdu iuess aati hi

global | eve focused coun

N\ N4
Determination of the sustainability Determination of the sustainabili
characteristics and contexts unddr characteristics and contexts unc

these studies these studies

Considering and integrating the obtained sustaiitgloiharacteristics and
contexts in terms of scope and targets of the focused strategy

\

Identification of the study specificsustainability concept (Step 3)

\ 4
Determining the expected i mpac

t arsgpeagci fic frameworKk

\ 2
Determining the regional/local and sectoral characteristics throug

V Stakeholder consultation

V Sector specific regulations and characteristics

V Natural resource charagtistics

\ 4
Identification of the study specific sgtainability criteria (Step 4)

Figure 5. Identificaton of SAspecific sustainaliy concept and sustainability
criteria

4.4, Sustainability Criteria (Step 4)

The fourth step of the framework is the identification of the sustainability criteria,
which is determined specifically fahe SA study. As it ishown inFigure 5, the
outcome of the sustainability concept is used for identifying the stpdgific

sustainability criteria. In order to do this, first the expected impacts on the
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environment, society and economy of the scape the targets of the strategy should

be determined specifically in terms of the studied sector.

Secondly, the characteristics of the mining sector should be determined specifically
for the country based on the literature review, previous experiendhs decision
makers and legislations (Walkg al, 2007 in Graymoret al, 2009, p.454). Thirdly,
regionspecific and/or local characteristics, including the environmental, social and
economic characteristics, needs and regpecific conditions, shodlbe determined

and understood through stakeholder consultations.

The consultation can be practiced via focus group meetingsiddaee discussions

and surveys with local stakeholders and experts. In addition to these, the
characteristics of the focusenatural resource should also be determined based on
the literature review and expert consultations. As a result of these, the sustainability
criteria, which should be used to determine the alternatives and select the indicators,

are obtained.

4.5. Detemination of Alternatives (Step 5)

The fifth step of the proposed framework is the determination of alternatives. The

main consideratiosfor identification of the alternatives are;

1 The capacity for contributing to achieve targets of the strategy and also
meeting the limitations of the scope of the study;
1 Fitting into the stakeholder concerns and local and sectoral characteristics,
which determine the sustainability criteria;
1 Being realistic / reasonable in terms of applicability in practice and
evaluation in assessment stages (with available finance, expertise and time).
Il n any case and condition, the fi+ st alterr
actiondé alter nat-lewleassesdmerk ¢oolsailel thesSEA, ahee gi ¢
developed frameworklas o0 s u g gaecsttiso na® Ganlot er nat i ve as t he
be considetednddBdOternative means consider.

the first alternative and implementing the assessment step for these conditions.

The current situation @xesses the environmental, social and economic conditions

before the discussed str adcetgiyond alrtaecrtn ateidv. e
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not mean considering the situation before any hudiaven action interacts with
natural systems. Actually, means accepting the conditions as they are now for
analysis and compare other alternatives with it in order to obtain the sustainability

scores of all the alternatives.

Besi desactthieonédbnoal t er nat i ve, at |l east one
comparison. Other than the above given three criteria, the alternatives should be also
determined by considering the sectoral characteristic in the county, including the
investment environment, regulations, the qualification and capacity of employers,
acessibility to financial resources and technology. In addition to these, the
characteristics of the natural resource as well as the -spetyfic objective and

scope are significantly important parameters that must be considered while

determining the alt@atives, as it is shown igure6.

4.6. Determination and Selection of Indicators (Step 6)

The sixth step of the framework is the determination and selection of indicators that
are used for the assessment & pan alternatives. Before discussing the details, it
should be stressed that the indicator selection is highly interacting with the steps of
alternative selection and sustainability criteria determination, which are shown with

the green arrow ifigure4.

The main reason for this interaction is that the selected indicators must be technically
capable of evaluating the selected alternatives in terms of the sustainability criteria.
Based on this, the determinatiom the sustainability indicators, applicable at the
strategielevel sustainability assessment of a specific sector, and also the selection of
the indicators, used for the evaluation of the alternatives, involves severstepsb

that are shown ifigure®6.

As it can be seen irFigure 6, the indicator selection process is conducted
systematically. This is necessary to avoid from the possible problems, such as
selecting irréevant indicators or management difficulties of selecting more than the
necessary number of indicators might be faced by the practitioners (Elokds

2008; Graymoret al, 2008).
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Additionally, it should be also considered that managing a significant number of
indicators at once within the assessment step is difficult,-¢mmsuming and

ineffective. This is because the field of use and the objectives of thetordicae
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different. Therefore, the indicator selection methodology, giverFigure 6, is
helpful for the assessment practitioner to consider the selection criteria, which are the
objective, the expected outcomesdathe characteristics of the assessment, e.g.
guantitative, qualitative, and projeletvel (Horsleyet al, 2015).

4.6.1. Determination andClassification of Indicators (Sep 6a)

In order to select the indicators that are capable of evaluating thesgediic
alternatives, a comprehensive set of indicators is needed. Therefore, the
comprehensive indicator set, named as the global indicator set in this thesis, is
developed by collecting the indicators from the previous studies, given in the
literature.As it is shown with a dash line iRigure 6, global and countrgpecific
sustainability characteristics of the focused sector is also considered while

determining the indicators

The collected indicators are groupander themes within each sustainability pillar,
which are given in Appendix B. Once the determination of the focused sector and
subject specific indicators are completed, the classification of these indicators is
conducted. For the classification, likeodt and Garnett (2010) highlight, indicators
are evaluated based on their capacities for covering the plan/prteyraimor

project/compamyevel, local or nationallevel issues.

As a result of such classification, the stratdgieel global indicator sefor the
mining sector is obtained for further selection steps. The global indicator set is used
as a pool for selecting the countryegion and studyspecific indicators in the

following steps of the framework. These are shown with green boXagure®6.

4.6.2. Selection of Indicators (Step 6b & 6c¢)

After completing the development of the global indicator set, the selection of the
indicators is conducted in two steps. The first step (Step @higuare 6) is the
selection of the countryand/or regiorspecific indicators by considering the focused
sectoral conditions, characteristics, regulations as well as the outcomes of the
stakeholder consultation. As a result ofkthihe county/regiogpecific indicator set

is obtained as it is shown Figure6.
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The next action is the consideration of the stgpgcific sustainability criteria, the
determined alternatives, natural resotspecific conditions and also the objective
and scope of the study in order to develop the final sspaygific indicator set (Step
6¢ in Figure 6). Regarding the introductory start about the indicator selectian, t
details of the indicator selection methodology is discussed below.

Indicator selection is important for obtaining accurate information on the focused
aspects of the study (Oudenhowetral, 2012), which are choosing the alternative to
achieve efficiehnatural resource management and minimizing the land degradation
related negative impacts in this study. In addition to obtaining relevant indicators for
the scope of the study, the indicator selection process itself is particularly important
to prevent pssible problems and difficulties arising from loss of information,
obtaining a huge set of indicators and data availability problems (Mailat,2008).

Indeed, several criteria are given in the literature for selecting the final set of
indicators, whit will be used for further analysis in this study. For instance, the
selection of indicators is conducted based on five criteria for the regional
sustainability assessment conducted by Wood and Garnett (2010, p.1878). These

criteria are;

Relevance: Obtaing most suitable indicators for the study subject;
Coverage: Reflecting capacity of both local and global issues;
Complementary: Complementing but not replication of the existing
literature;

1 Comprehensiveness: Focusing on environmental, social and eiconom

pillars;

1 Quantification: Having the ability of quantification and data availability.
Another simple approach is given by Castellani and Sala (2013, p.3430). The
indicator selection is conducted based on the scope of the study in order to identify
the most relevant themes with reference to sustainability concept of the strategic
level planning action. In addition to this, Castellani and Sala (2013, p.3430) also
stress that there should be a reference value, i.e. a threshold, for the selected

indicatorss in order to understand what the indicator says about sustainability.
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Like Castellani and Sala (2013), Hiremathal (2013, p.556) also contributes to this
discussion with a simple approach as associating the indicator selection with the
characteristis of the study area (spatial area). According to Hireraaid. (2013),
selected indicators should have the capacity to evaluate spatial characteristics and so
differences of actions can be seen.

A more systematic approach is discussed by Mascarenhhq2015) based on the
data reduction technique to obtain a smaller set of indicators from a global set. The
Principle Components Analysis is mentioned as one of these techniques by
Mascarenhast al. (2015).

Additionally, scoringbased indicator seld@on criteria approach is also discussed in

the study of Mascarenha al. (2015). This approach suggests a scoring matrix,
where indicators are scored versus the selection criteria defined by the conducting
body. In their study, these criteria are defiligydViascarenhas and -@uthors (2015)

and these are asked to be scored by key stakeholders in order to see the relevance of
them for selecting the indicators.

The criteria are divided into two as core and side criteria and three core criteria have
obtaingl high relevance scores from the stakeholders. These criteria are
(Mascarenhast al.,2015, p.305);

1 Link to planning goals,
1 Relevance,
1 Conceptual robustness.

Besides these, five of nine side criteria have also obtained high scores, which are;

1 Availability of data and quality of data,
1 Demonstration trends,

1 Spatial variability,

1 Interpretative capacity,

1 Clarity.

Other four criteria with low scores are given as;

1 Range of covered domains (obtained the lowest score with the following),

 Costs,
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1 Compatibility wih other indicator systems,

1 Flexibility.
Oudenhovert al.(2012) also suggest a framework for indicator selection in order to
assess the effects of land management and ecosystems services based on The
Economics of Ecosystems and Biodiversity approacte@ 010 in Oudenhovest
al.,, 2012, p.110). The framework of Oudenhowdral. (2012, p.111112) involves
three selection criteria and related steps that are developed based on a comprehensive

literature review. These criteria are;

1 Flexible and consistén selection criteria: Indicators should be
understandable by different end users and the selected ones must fit in the
scope and objectives of the assessment.

1 Appropriateness criteria: The selected indicators and also the set of
indicators should be relemt to the study subject in terms of the studied
subject, quantification and modelling.

1 Data availability, credibility and portability criteria: Data is a significantly
important issue for the assessment. In other words, higher data availability
and appopriate selection of indicators means obtaining higher reliable
information. Moreover, it is expected that the selected indicators should be
applicable for other studies in different regions.

Juwanaet al. (2012) discuss the indicator selection as ameit of sustainability
assessment and so it is mentioned that it is generally conducted based on the
literature reviews of previous frameworks and indicator sets. Among these, Liverman
etald s (19 8 8 etialn201R,upv@@0nagpproach for selectirg tindicators is

summarized through seven characteristics, which are;

Time sensitivity,

Space and focus group sensitivity,

Being anticipatory,

Availability of thresholds or reference values,
Being unbiased,

Suitable for data transformation, and

= =4 4 A4 A4 - -

Being ntegrative.
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Based on these literature reviews, the scoring matrix approach of Mascageahas
(2015, p.298) is selected for this study while establishing thenslidator sets in

Step 6b and Step 6¢ Figure6. The reasons for deciding to use the scoring matrix
approach can be summarized with the characteristics of the approach, which are

given as;

1 Being a systematic approach: As it is mentioned in Section 3.2 and Section
4.2.8, indicator selection is importafor obtaining accurate information on
the focused aspects of the study (Oudenhaateal, 2012) as well as for
preventing the possible problems and difficulties arising from loss of
information, obtaining a huge set of indicators and data availability
problems (Moleset al, 2008). Therefore, a systematic approach is
considerably helpful and preferred to prevent the above given problems.
Hence, the scoring matrix approach highly fulfils this in practice.

1 Being easy to apply: Even if it is a systemapg@ach, the scoring matrix
does not need specific expert human resources to apply compared to some
other systematic approaches based on data reduction technique, such as the
Principle Components Analysis (Mascarenégal, 2015, p.296).

1 Being free of tkb characteristics of the study area and the need for a
threshold value: These two characteristics are given by Castellani and Sala
(2013) and Hirematlet al. (2013) based on the approaches they used. In
fact, as in most cases of stratelgigel (SL) assessent with indicators,
obtaining a threshold value for a specific subject, e.g. most of the social
indicators, is difficult and even impossible for many of the qualitative
indicators. Additionally, consideration of the spatial characteristics of the
study aea is not possible in some SL assessments as the study is not
specifically applied for an area, for instance, SL assessment of a strategy
related to energy efficiency. Therefore, using an approach free of these is
preferred in the thesis.

1 Flexibility in the determination of the selection criteria for scoring: The
criteria, which are used as the baseline to understand the fulfiiment level of
the indicator to the focused issue, can be determined with different

approaches, for example through expert judgemenrvey with the
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stakeholders or by practicing the preferences of the body. Therefore, the

scoring matrix allows such practices effectively.
Concerning the reasons discussed above, the use of scoring matrix for indicator
selection is decided for thithesis. Like using the scoring matrix for indicator
selection, the first selection criteria need to be defined in order to score the indicators
against these criteria. For this purpose, the studies Wood and Garnett (2010),
Oudenhovenet al (2012), Juwanaet al. (2012), Castellani and Sala (2013),
Hiremath et al. (2013), and Mascarenhag al. (2015) are considered for the

determination of the selection criteria.

Regarding these, the criteria, used at the scoring matrix for indicator selection, are
derivedby considering the objective, scope and study level of this thesis. Based on

these, the selected criteria for this study are;

1 Scope:The criterion is mainly used to select the indicators that fit into the

scope and targets of the studied strategy andfdbesed sustainability

i ssues. Thi s i S gi ven as ocomprehensi\

environmental, social and economic pillars by Wood and Garnett (2010,

p.1878) and olinking t oetq.(2@l5 p.80B)g goal so

1 Relevance:Wood andGarnett (2010, p.1878) explain relevance criterion as
selecting the most suitable indicators for the specific study subject. Also this
criterion is given as 0coetake(porsy) a l
p.305) and Oudenhoveret al. (2012, p.111112) discuss this as
Oappropriatenessod6 in their study.

91 Data availability: In order to implement the assessment, data need to be
accessible. Additionally, data availability is important for obtaining reliable
assessment outcomes. This criterion is highlightgdll the studies given
above.

1 Quantification: Almost all of the studies discuss the threshold number or
reference values, except Wood and Garnett (2010, p.1878), yet none of them
mention quantification capability as a criterion. However, in order toced
subjectivity during analysis as well as to increase demonstration capability

of trends, especially for social issues, higher quantification capacity of an
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indicator is helpful. Therefore this is determined as the last indicator
selection criterion useith the scoring matrix.
As these criteria are selected, the indicator selection process can be explained with
the help ofFigure6. As it is given in the figure, the indicator selection is conducted

under two levks, which are;

1 Selection of indicators that fit in the characteristics of the specific
country/region and are applicable at stratdgie!| decisioamaking (Step
6b)
1 Selection of indicators that fit in the characteristics of the objective and
scope of thestudy (Step 6¢)
For starting the selection process, the indicators in the global set are used. The
development of the global indicator set is shown under the determination of
indicators step, which is Step 6akhiigure 6, and it is discussed in Section 3.2 in
detail. As the indicators, which are specifically useable in the analysis of the mining
sector, are obtained based on the literature research in Chapter 3, the further selection

for the analysis can be perfoechusing these indicators.

The selection of the countgpecific indicators can be practiced as the next step for
analysis of the mining sector plans at the stratkyiel in Turkey (Step 6b iRigure

6). However the selection of countrgpecific indicators, Step 6b, and the selection

of objective and scope specific indicators, Step 6c, are conducted simultaneously in

this thesis because the total global set involves manageable a number of indicators.

As it canbe seen irFigure6, the objective and targets of the strategic action as well
as the characteristics of the country in terms of the focused sector should be
considered under the scope criteria. Additionally, dtalkder expectations and
localized sustainability criteria in terms of the focused sector is used as the

evaluation under the scope criteria in the scoring matrix.

The third step, Step 6c¢, is applied by considering the stpdyific objective and
scope ofthe study (thesis in this case) as well as the characteristics of the plan
alternatives and the natural resource. At this step, the relevance, data availability and

guantification criteria of the indicators are scored by the expert(s) with the matrix
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given in Table 10. As a result of these, the final set of the indicators used for the

assessment of the plan alternatives is obtained.

Table 10. Indicator selection matrix

Parameter

Scope Relevance Data

availability Quantification  Score

Indicator
I
P
I3

n

For the scoring matrix, given ifable 10, a threelevel scoring is use@s low,

medium, and high fuiliment of criteria that are scored as 1, 2 and 3, respectively.

Score of O is given for oOnot applicabled or
indicator against criteria, indicators obtain a final score which is calculated by adding

all the givercriteria scores.

Afterwards, the indicators are listed based on their final scores from the highest score
to the lowest one. Based on this list, the final indicator set is selected, beginning from
the top of the list to the lowest scored one. The totahber of the indicators,
selected for the subet, can be defined by the experts and/or stakeholders. Therefore,
no threshold score is given. However, the number of indicators that are selected and
used in the assessment is important to prevent lossasmation and also eliminate

the difficulties of management during the assessmbfiles et al, 2008 and

Graymoreet al, 2008).

Therefore, for this study the first ten highest scored indicators are recommended to
use for the further analysis in each séthe sustainability pillars. The main reason

for defining such a limit is obtaining an optimal number of indicators for the
assessment. In other words, it is aimed to have an indicator set that can be
manageable within a limited time and limited hurmesources while preventing

excluding important sustainability issues in the assessment step.
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For defining this number limit, the suggestion of Bell and Morse (1999 in Mxdles

al., 2008, p.154) is taken into consideration. They suggest that using 20 onslicat

an assessment is reasonable in order to have a manageable number of indicators
while preventing having too few, which causes exclusion of the important
information, and having too many to face time and data obstacles. A similar

suggestion is alsogn by Gustavsoat al. (1999 in Graymoret al.,2009, p.454).

In fact, as the assessment is conducted with the indicators under the three pillars in
this thesis, the threshold of the selected number of indicators is determined as 10
indicators for eaclpillar. As a result, it is recommended in this study that maximum
10 indicators per the sustainability pillar indicator set or index can be used for the

assessment of the alternatives.

Last but not the least, instead of single expert judgement fongdbwe indicators, as

it has to be applied in this thesis, in order to obtain the final indicator set, the
importance and fulfillment of the indicators with the scoring matrix can be
determined by the stakeholders and/or group of experts as it is prabyced
Erzurumlu and Erzurumlu (2014) and Mascarerdiad., (2015) in their studies.

However, such a practice could not be conducted during this thesis due to time
limitations. In fact, the local knowledge gained during feeéace discussions, focus
groy meetings and the questionnaire surtr&tare applied in the case study region
during this thesis, provides considerable information for practicing reasonable
scoring of the indicators in the case study in this thesis. However, it is recommended
that the scoring for selection of the indicators should be conducted with more than

one expert and even with local stakeholders in the future applications.

4.7. Collection of Data &tep 7)

Data collection should be preceded by considering the scope, scaldedselec
indicators and alternatives as well as the planned assessment method. In some cases
obtaining the needed quality data is problematic. For such cases, as Bell and Morse
(2003 cited in Moles et al, 2008, p.147) explain, data might be generated through
surveys, filed works and other similar actions in order to avoid the selection of

irrelevant indicators for assessment due to data limitations.
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Therefore, as it is given as a criterion in the scoring matrix of indicator selection in
Section 4.1.6, the acssibility of the data should be considered carefully. This is
especially important at the stratedgwvel assessment because these actions are
practiced in a limited time based on the determination of the policy by the political
decisionmaking authority.Therefore, as it is mentioned in the characteristithef

SL assessment ifiable4 in Chapter 3, the alternatives cannot be defined in detail as
it is at the projectevel. Moreover, the consideration of the scalast be at the

macro level as much as possible.

Additionally, depending on the planned assessment methods, the need for detailed
data, covering longer periods of time, increases. For instance, if the assessment is
planned to be conducted with a mode¢ tieeded data is significantly different from
conducting the assessment with other methods, such as most of the iFgasatbr
assessment methods, €3RI (2011).

Moreover, the country of the applied assessment should also be considered in terms
of accesibility to quality data in a timely manner. For instance, it is experienced
during this thesis that the availability and also accessibility of comprehensive data
with a reasonable time and scale coverage was significantly problematic. This causes
a congilerable amount of time loss and increases the need for financial and human
resources in order to generate and collect the needed data for the analysis. Therefore,
while selecting the indicators, considering the countand regiopspecific

conditions and lao defining the scope of the study is of great importance.

4.8. Assessment and Evaluation (Step 8)

The eighth step of the framework is the assessment and evaluation step. Among
different qualitative and quantitative assessment methods, the most suitable
alternative should be selected to analyze the plan alternatives. The SA characteristics
and components and also different methods and frameworks used for the SA are
studied in order to determine the significant issues for the selection of the assessment
method. Based on Gibson (2006b); Netsal. 007); Graymoreet al. (2008) and

Singh et al. (2012), the criteria for the selection of the assessment method are

determined as;

1 Scope of the strategy and sustainability principles;
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Determined plan alternatives;
Selected indicators;
Available data;

Available time,

= =/ =4 4 -

Available expertize and human resources

9 Available financial resources.
Regarding the above given criteria and also the discussion and compressions about
the SA frameworks in Section 2.4.1, two studNssset al. (2007) and Singlet al.
(2012), discuss the different methods in detail. As it can be also seen in Section
2.4.1, some of the discussed methods are fitting better than the others to be applied in
the indicatorbased assessment frameworighich are given inTable 2. Among
several others, see Nessal. (2007) and Singlet al. (2012) for details, the Muki
criteria decision analysis (MCDA) is used for this thesis.

The primary reason for selecting toeutie MCDA is its capacity to deal with large
amounts of complex information in a consistent way during the deaisaking
process and to identify the most preferred option by ranking them and distinguishing
the acceptable option from the unacceptablel({G2009, p.19). Additionally, using
multiple qualitative and quantitative indicators simultaneously in order to support
decision in the field of natural resource management is possible with the MCDA
(FAO, 2015). Also MCDA can be applied at different spldgvels, it is flexible and

also it allows the practitioner to consider the pillars of sustainability.

Additionally, the MCDA helps the practitioners order the alternatives from the most
preferred to the least preferred based on the objectives defindae lpyracticing

body. In fact, none of the alternatives may achieve all the objectives but the one
fulfilling the most objectives than others may be considered as the best option or the
most beneficial one (DCLG, 2009). Furthermore, the MCDA can be tifsedieely

to rank decision options at the stratelgigel and also in the natural resource

management field (Graymoet al, 2009, p.455).

Moreover, the developed framework uses indicators and the selected assessment
method allows using indicators eftaely for evaluating and comparing the plan
alternatives. Regarding this, as it is showrFigure 7, the use of indicators for the

assessment of the selected alternatives is possible with two ways. These are;

83



1 Using indicators without developing indice$ indicator setbased

assessment

1 Developing indices by aggregating the indicatoirsdexbased assessment

Collection of Data
Continue fronFigure6

Developing Indices

Transformatiorof Indicators
(See Figure 8)

Y

Indicatorbased Y E ¢
assessment methoc

based orindices®?

\ 4
Weighting Indicators

(SeeFigure §

NO

Establishing \ 2
(not consider Aggregation of Indicators

(SeeFigure §

\ 4
Assessment and Evaluation
of the Alternative

(not consider

Proposi ngalmreefv|

Figure 7. Steps of assessment, evaluation and reporting

The main reason fateciding to use an index instead of an indicator set is mainly due

to the differences and characteristics of the indicators under environmental, social

and economic pillars. In order to use an indicator set, the used indicators should be

either quantitatie or qualitative and they should have some unit and scales in the

related pillar as well. Otherwise, an index must be developed by following the steps

given in Figure 7. Based on the obt aiablecallernatieesisul t s, t

selected and proposed for the implementation with a report (Step 9), where the
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details of the analysis and evaluation are given. These are shown with blue boxes in
Figure7.

Developing anindex and evaluating the selected indicators for obtaining an index
score are shown with the blue dash lined bokigure8. After obtaining the index
scores, these are aggregated to obtain a final sustainauibte of the analyzed
alternative, which is shown with a pink dalgted box in Figure 8. Finally, the
sustainability scores of the alternatives are evaluated with a threshold value for
valuation purpose, which ghown with the purple dadmed box inFigure8.

By following these steps, the selected sustainability indicators (SSls) are evaluated
within an index. The SSis are selected in Step 6 as it can be seguiia4. These

SSis are transformed, evaluated for determining the weights (relative importance)
and weighted for obtaining an index score (1S) for each index, as these are shown in
Figure8. Also the relative impotence of each index is determined, and based on the
weights of the indices, a Sustainability Index Score (SIS) of each alternative is

calculated. After obtaining the SIS of all the alternatives, these are evaluéteahsn

of a threshold or with each other, as the last actidfigare 8. The details of these

are given below.

4.8.1. Aggregation and Index Scoring

In order to obtain an index, which must involve more than ogieator, aggregation

of indicators in some manner is necessary (Ngsd., 2007). If aggregation is not
applied, the assessment of the alternatives needs to be conducted in an indicator
based manner for each indicator in the set. So the comparisonaifettmatives can

only be performed separately in terms of the score of each indicator. (Shertbinin

al., 2013, p.6). For instance, the resettlement indicator and the resource recovery
indicator are used for scoring the alternatives. However, the obtadoed can be
compared separately for each of the indicators because the units and scales of the
indicator are different. Therefore, obtaining a joint score based on these two

indicators is not possible in the indicator set.
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Figure 8. Aggregation, scoring and valuation steps
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However, this is not always a negative feature. For example, some studies highlight
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objectives, scope and other factors, using indicator sets over indices may be

preferable.
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On the contrary, it should be kept in mind tbaing indices has also advantages over
using indicator sets as working with the indicators, having different units and scales.
However, even though the aggregation of the indicators allows the researcher to
obtain a single score, it also causes loss dfegaand information as a result of the

aggregation process.

The aggregation of indicators is converting different units of indicators to a common
unit or a unitless scale (Sherbirehal.,2013) in order to obtain a final score for the

index. The UN Dpartment of Economic and Social Affairs (UNDESA, 2000 in
OECD, 2002, p.15) describes aggregation
with similar properties to come up with a single number that represents the

approximate overall value of its individu c omponent s. 0

The comprehensive study by OECD on aggregation methods discusses mainly three
aggregation methods (OECD, 2002), which are;

1 Spatial aggregation, which is depending on the geographic scale of the
indicators. For instance, national indicesasuring specific parameters on a
specific area is spatial aggregation;

1 Temporal aggregation, which is monitoring of parameters over a time, such
as hourly and daily measurements, annual averages;

1 Thematic aggregation, which is establishing tools baseddata for
subcategories.

The framework uses thematic aggregation for establishing the environmental, social
and economic indices. Several steps, such as selection of indicator, transformation,
weighting, valuation, are implemented for aggregating@wmore indicators into an

index (OECD, 2002; Liu, 2014). For this study these are modified because the
indicator selection is conducted under separate steps in this study. Transformation

and weighting actions are applied under Step 8.

4.8.1.1. Transformation
This step aims to obtain a comparable dimension for the selected indicators.
Indicators can be quantitative and qualitative. Besides, indicators may have different
units and scales. Consequently, if such different indicators are selected to @d&velop

index, these must be converted into unitless and same scaled indicators
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systematically. This may be conducted with two approaches. The first one is
normalization and it is given in the equation below (Eq.1). Moreover, standardization
is applicable forhe transformation of indicators. The equation of the standardization
is also given below (Eq. 2).

iy nor— T (1)

li, su= —— (2)

In equation 1 and;2

li, nor: NOrmalized value of an indicator I,

li, sta: Standardized value of an indicator I,

li : original indicator value,

lref: Simple average of all the indicators in the same pillar or the regulation threshold,
» . Standard deviation.

4.8.1.2. Weighting
It is deciding on the impact/importance level of an indicator within the index
relatively to other indicators in the sanmedex. There are different weighting
methods and only two of them are applied in this study. These are equal mgighti
(EQW) methodand analyticahierarchy process (AHP) method.

Weighting of indicators is a decision given by the practitioner eitheivi® more
importance to some indicators than others and the level of this importance or to give
equal importance to each indicator during the assessment. Indeed, there is no defined

systematic approach or methodology for choosing one of these alternatives.

Maxim (2014, p.287) <c¢claims that @Athe equal
in sustainable energy assessments due to the minimal additional input required to
conduct the analysis. o0 However, Liu (2014,
fit modern assessment methodologies because it cannot reflect different importance

of various indicators. The alternative of the equal weighting is the-oeddsr

weighting method and there are three categories, which are subjective, objective and
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combined (Ma¥n, 2014). For more details about these methods, study of \&ang

al. (2009) can be seen.

Like Maxim (2014), Afgan and Carvalho (2008) also use the equal weighting method
in their study for assessing the sustainability of energy systems. Additionaly, the
(Afgan and Carvalho, 2002) also implement the equal weighting method for multi
criteria assessment of power plants in another study.

One of the advanges of using the EQWnhethod is minimizing the subjectivity

while weighting the indicators. This is gghted by Graymoret al. (2009, p.455)

as weighting cannot be practiced without decisma k er s 6 and st akeho
judgements. This causes a problem of subjectivity in weighting of indicators. In
order to avoid this, besides the AHP method,ER¥V method is also used for this

study. The equation of tHEQW method is given below (Eqg. 3).

wi=— i= 1,2,3, é. n (3)

wi: weight of each SSI
n: total number of SSI

One of the alternative ways for weighting indicators while determining the index

score is the AHP method. The AHP method is based on determining relative
importance vales of the indicators, where the relative preference of eachvsar
comparison is represented by these values (Liu, 2014). So the AHP is not about
finding the O6écorrectdé answer but findin.
defined problem or to &@eve the objective in terms of decisioma ki ng bodyo

understanding@boutthe problem or criteria.

In order to apply the AHP, the first syiopoblems of the studied problem need to be
defined within a hierarchical system. These should be analyzed séparatesub
problems may cover all or some of the specific aspects of the problem, which are
highly related to the scope of the study. In fact, there is no limitation for determining
the aspects of the sydvoblems. The suproblems may be tangible or ingible,

carefully measured or roughly estimated, etc. (Saaty, 2008)
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The problerrelated criteria (indicators in this thesis) are also determined for
evaluating t he alternatives?o achievement [ ¢
problem. Once this hierarchicatructure is created, the comparison of a criterion

with other two at a time is conducted systematically. In this way, the impact of each

criterion on the above problem is determined (Saaty, 2008).

As a result of this, the impact weight of the compagégments is converted into
numerical values. Afterwards, the determined numerical impact value of each
criterion is used for calculation of the overall value of the subject, one above in the
hierarchy.

The compression of indicators is applied with a prdgnt matrix, which is shown
below (Eq. 4).

l1é éé e In

—_ L E L
@ 2 4
= o & E @& 4)
Q =~
= — E —
|l 1,é.,n shows each criterion (indicator) of

other criterion based on the relative importance among them. The relative importance
values (wn) in Eqg.4 are used for thexqmarison of the criteria, and these values are
given by Saaty (2008, p. 257) and showable11.

Once the matrix of the relative importance of the criteria is developed, the
eigenvalues of the matrix should bstimated. By obtaining the eigenvalues of the

matrix, the weight (or priority) of each criteria and index can be determined &8i
2010, p. 165).

For this, the following equations (Eq. 5 and Eq. 6) are used to solve the eigenvalue
problem, which aregiven by Saaty (2008, p.2&16 2 ) . I n eacguheti on 6, f
principle eigenvalue of A, and one has a nonzero solutiand for normalizing its

entries by dividing by their sumstomaket ni que o ( Saaty, 2008, p. 26
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Table 11. Scde for comparison of criterion pairs

Intensity of Definition Explanation
Importance
1 Equal importance Two acti\_/itie_s contribute equall
to the objective
2 Weak or slight (intermediate value)
Experience and judgement
3 Moderate importance slightly favor one activity over
another
4 Moderate plus (intermediate value)
Experience and judgement
5 Strong importance strongly favor one activity over
another
6 Strong plus (intermediate value)
An activity is favoredvery
5 Very strong or demonstrate« strongly over another; its
importance dominance is demonstrated in
practice
8 Very, very strong (intermediate value)
The evidence favoring one
9 Extreme importance ﬁptivity over another is of the
ighest possible order of
affirmation
A better alternative way to
When activiies are very assigning the small decimgl; is
y close decimal is added to 1 to. compare t.WO close aCt'.V't'es
1.17 1.9 with other widely contrasting

Reciprocals ol
above

Measurement:

From ratio
scales

show their differences as
appropriate

If one criteria (i.e. 1) has one
of the above nonzero
numbers assigned to it whel
compared with the other
criteria (i.e. b), then hhas
the reciprocal value when
compared with

ones, favoring the larger one a
little over the srall one when
using the 19 values

A logical assumpon

When it is desired to use such
numbers in physical
applications. Alternatively, ofter
one estimates the ratios of sucl
magnitudes by using judgemen

Source: The content of the table is given by Saaty (2008, .257
Explanation: All the content is copied from the original text of Saaty (2008
keeping the clear and detailed explanations for the sake of the thesis.
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(Eq. 9. As a rule of thumb of the AHP, the developed matrix should have a
consistency ratio (CR) lower than 0.1. In order to calculate the CR, the consistency
index (CI) and the random index (RI) are used. The calculations of the CI and the CR

are given in equ#ns 8 and 9 respectively, where n is the number of criteria.

Omax— B - (7)
Cl=— (8)
CR=— (9)

The RI values, which are used in (EqQ.9), are taken from the table given by Saaty
(2008), which is shown iTable 12. The calculation of RI values is discussed in

detail by Saaty (2008) while discussing the positive reciprocal matrix consistency.

Table 12. Random index values for number of critenadHP

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0.00 0.000.52 0.37 0.22 0.140.100.05 0.05 0.04 0.03 0.02 0.02 0.020.01

The values inTable 12 are calculated by selecting 17 pairwise comparison values
(9,18, é¢. , 1, 2, éé, 8gableldand putingdhesmValpesinan m
by-n reciprocal matrix above and below the diagonal 1 values. After this, those put
down the diagonal are used for calculating the cosrsistindex. After repeating this

50,000 times and taking the average, this is called the random index by Saaty (2008,
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p.264). After practicing this once with simulation and obtaining their first order
differences for the matrices of size from 1 to 15,uhkies inTable12 are obtained.
The details of the RI calculation can be seen in Saaty (2008, {2653

4.8.2. Assessment

The assessment section, the pink boKigure8, is implemented after obtaining the
index scores (ISi) of each pillar. By conducting the aggregation steps, each pillar will
have a sustainability score. This means that there will be n number of scores if there
are n number of pillars. Therefore, thesessment step involves obtaining a single

score out of n number of scores by using the equation below (Eq.10).

sis=B "O™WQ Q (10)
In equation 10

SIS: Sustainability index score of the assessed alternative

ISi: Index score of'l dimension

wi: weight of I" dimension (pillar) index in SIS

As a result of applying the equation 10 for all the index scores of all the alternatives,
a single SIS can be obtained for each alternative. The weight of the pillars can be
determined by usingeveral approaches and methods. Like previously discussed, the
EQW method andthe AHP methodare also used at this step in the developed

framework.

4 .8.3. Evaluation

Once the SIS of each studied alternative is obtained, the comparison and
determinaton® t he fAbest o alternative is conduc
as shown inFigure 8. Valuation is comparing the index scores of the alternatives
based on the predeter mi nadd olad uueisf. i cTahteir ce
order to compare the SIS results of each alternative, thresholds or some sort of limit
values are needed. However, as SISs are aggregated scores of each alternative based
on n number of pillars, legislation based on formal limis these indices are not

available. Consequently, this comparison is conducted among the obtained SIS of the
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alternatives. So as the wultimate objective
option among several alternatives, the alternative with igbebt score can be
selected as the 6ébestd option.

In addition to this, for obtaining the sustainability ranking of the alternatives, the

weighted sum approach is used for energy seelated sustainability studies (Wang

et al, 2009; Maxim, 2014). Ina=l, if the framework is applied for a specific index,

for instance environmental index, and if the assessed subject has threshold values

based on the legislation etc., these thresholds can be used for valuation purposes. If

there is not any legislation alothe comparing subject but the proceeding body is

willing to do such valuation, Castellani and Sala (2013) suggest a simple

met hodol ogy. Castell ani and Sal ads (2013,

following sources to define such thresholds;

Using polcy and similar official strategic documents and reports;
Determining objective physical limits (availability of resources, permitted or
geographical limits/borders, engineering limitations etc.);

1 Determining values coming from literature.

4.9. Reporting (Step 9)

Reporting of the process and the findings is necessary for presenting them to the
stakeholders. Additionally, reporting is necessary for monitoring and improvement
actions in the future in order to follewp the success and shortcomings of the
process and given decision. Different reporting formats and documents are available
for tools like EIA, SEA and also for SA, i.e. GRI. In this respect, there is no format
defined for this study. The main reason of giving this step under the framework is
discwssing the importance of reporting within a stratdgiel assessment tool and

also making the framework complete so that the developed framework can be
applicable for the assessment and evaluatisustainability of strategiess one of

the most impornt parts of the report, assessment results and sustainability ranking
of plan alternatives should be given. Based on these rankings, the analyses of each
alternative and comparison among them should be clearly done in terms of
environmental, social and @somic pillars. Last but not the least, the sensitivity

analysis and the outcomes of the analysis should be given in the report.
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CHAPTER 5

IMPLEMENTATION OF THE SUSTAINABILITY ASSESSMENT
FRAMEWORK FOR THEBAXKSKKMN COAL BASI N

The developed sustainability framework, discussed in detail in Chapter 4, is
implemented with a case study in Chapter 5. In this respect, the chapter focuses on
two main subsectiond.he first one is the introduction of the case study area, which

i s t h-&lbisfah €dalnBasin (AECB), and the second one is the step by step

implementation of the developed framewdwok the mining sector plans BRECB.

Before discussing the characstics of the selected case study region and the
implementation of the developed framework for the mining sector strategic planning
in AECB, the reason for selectilECB as the case study area is discussed. In this
respect, he main factor for selectinfECB as the case study region is the energy
policy of Turkey. From this point of view, the situation of the energy sector is also
discussed in the country as the facts of the energy sector affect the energy policy in

place.

According to the British Petrolea (BP) and the Statistical Office of the European

Communities (EUROSTAT) studies in 2014, given in the Electricity Generation
Sector Report of E!] Ak (E} Ak, 2015a) ,

energy sector is significantly high in Turkey compatedmost of the European

Union (EU) member countries. Specifically, Turkey is the leading country within the
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EU member countries in terms of the increase in the demand for the electricity, coal

and natural gas within the last 10 years.

In fact, Turkey $ a net importer of fossil energy resources and 73.4% of the total
energy demand of the country was supplied from the imported resources in 2013

( E} Ak, ). Mdelspeaifically, the energy from petroleum, natural gas and hard

coal was supplied from the imported resources with the shares in the total supply of
93% in petroleum, 99% in natural gas and 94% in hard coal inQE3 Ak, ).2015 a
Additionally, 51.7% of the total natural gas supply was used for electricity
generatonintir key in 2013 (E} Ak, 2015a

On the consumption side of energy, more specifically electricity, the sectoral facts
are discussed based on the electricity demand projectpart of the Turkish
Electricity Transmission Company, owned
2013). According to this report, the electricity demand in Turkey increased by 9.4%
in 2011 and 5.2% in 2012 (TEKAK,ge2n013) .
the annual electricity demand is given as 5.6% in reference (base) scenario, 6.5% in
high demand scenario and 4.6% in low demand scenario for the next 10 years based
on the studies of the Ministry of Energy and Natural Resources (MOENR) of Turkey
(TEK Ak , 2013) . Therefore, because of the
energy resources in electricity generation as well as the expected increase in the
energy demand for the next 10 years in Turkey, the energy policy of the country is

shaped mainlyowards securing the energy supphfe} Ak, ). 2015 a

The total installed electricity generation capacity in Turkey i$5R4 MW in 2014

adE|] Ak owns a n&r9.b\N\eaf the taad installed capacity in Turkey.
Hence,E | A &wns and operates 31.47%tbe installed capacity in Turkey at the

end of 2014 (E] Ak 2503143WhV, thatl i8 12.33%Mbthedotah e r |,
installed capacity is lignite and hard coal burning power plants &&2.6 MW, or

8.7% of the total installed capacity is importedchaoal burning power plants in
Turkeyatt he end of 20.14 (E} Ak 2015b

In fact, two lignite burning power plants, with the total installed capacity of 2795
MW, are located imPAECB. Accordingly, the installedapacity inAECB equals to
4.02% of the totalnstalled capacity of the country and it equals to 32.60% of the
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total installed capacity in terms of the lignite and domestic hard coal burning power
plants in Turkey (E} Ak, 2l DH)s.t alhh & Atowa n|
have installed capa@ts of 1355 MW and 1440MW, r espectively (E} A

In terms of the electricity generation by primary resour@355.4 GWh of
electricity was generated from lignite and domestic hard coal in 2014, in which the
total electricity generation was 249(¥0 GWh. Hence, the share of the lignite and
domestic hard coal in the total generated electricity in Turkey was 15.36 % in 2014.
The shares of natural gas and Liquefied Natural Gas (LNG), hydraulic resources and
imported coal in the generated electrickyere 47.93%, 16.16% and 13.96%
respectively in 2014. (E} Ak 2015b) .

As it is mentioned above, the energy policy of Turkey is primarily aimed at securing

the energy supply. Therefore, in order to achieve the policy target of the security of
energy supply, # energy programs and plans, given in thé" Five-Year
Development Plan (MoD, 2013), target the use of all the available domestic primary
energy resources for electricity generation. More specifically, this is stressed in the
electricity sector report oE | Ak E| Ak, 2015 a, p.13) as fnu.

l ignite and hard coal reserves in electr.i

Regarding the energy policy of Turkey as well as the strategic targets mentioned in
E|] Akeport ( E | AEKEB is dibgaone, of thpoints of interest as

38% of the total lignite reserve of Turkey is located there. Additionally, the basin
hosts two thermal power plants with the total installed capacity7@62MW, which

equals to 4% of the total installed capacity of the countryth@dotal lignite reserve

in the basin has not been benefitted completely, the basin is going to become an
important alternative for further mining and electricity generation investments in the

coming years.

In fact, the 18 Five-Year Development PlarMoD, 2013: 104) also highlights that

the domestic coal reserves should be extracted through private sector investment with
clean and environmentailfyiendly technologies. Therefore, the policy document
also stresses the need for considering sustainabggyes by indicating the
expectation of environmentalfyiendly actions. For this reason, the consideration of

sustainability issues is also expected while exploiting domestic primary energy
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resources, including the lignite reserves. In this respectcahsideration of the
sustainability principles while ming the lignite reserves IAECB becomes highly
important as well as being a complicated issue due to the following reasons.

First of all, even t hough -RBlbistanibasinis ame d
important agricultural plane in Turkey. 53% of the vegetable production of the
Kahr amanmar ack Province is conducted [
popul ations of Afkin and EIl bistan are
(TURKSTAT, 2015). Regarding these factors, the subject is becoming significantly
complicated. Currently two active mining operations are located in the basin. The
lignite mining in the basin is practiced with strip mining, a surface mining method, in
very wide areasTherefore, initiating new mining operations in the basin will cause
the acquisition of land for the operations and the active mining area is extended

towards agricultural lands. Therefore, these issues are conflicting significantly.

Secondly, the basin @ensely populated. In order to practice new mining operations,
obligatory resettlement is most probably necessary. Additionally, as the agricultural
activities are still important for the local communities, the acquisition of agricultural
land will causeloss of traditional economic activities of the locals. This may push
them to resettle from their original settlements to other towns and maybe cities

domestically.

In addition to these conflicting and possibly negative impacts of new operations, the
estatishment of new thermal power plant(s), changes in the surface structure, water
resources etc. may also negatively affect the local communities in the future. Due to
all such issues, strategievel planning of possible new mining investments in the
basinis needed to be conducted. Therefore, as the developed framework aims to
integrate the sustainability consideration into stratésyel decisiormaking and
planning of the mining sectoAECB has a potential to observe how the framework

works in practice.

5.1.0verview ofthe A f kElbistan Coal Basin

as

t he

8 2,

1.

The Aflkiilmt an Coal Basin (AECB) i s | ocat ed
Tur K

districts of Kahr amanmar ak Province i
|l ocated at the nort h odfthede awo are snaoundedrby K
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the province of Sivas in the north, the province of Kayseri in the west, Malatya in the
east and G°ksun, Ekin°z¢ and Nur hak di st

south and southeast, respectively (Siegire9).

GURUN
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(::}ELBETAN
Legend
SOKSU
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P ] Districts
0625125 250 375 500
[ — s— B
Figure 9. Locatiorso f Af ki n and EIl bistan in -

Kahr amanmar ak P biggest prognee amsng 81 previndes in Turkey

in terms of its sur f ace reawide plains suitablecfdr i s 1
agricultural activities in the province,
Mar ak, Andeér én, Mizmil | i, Narl & and Knek

districts in the south (sdeigure10). The most significant mountains of the province

are Nur hak, Binboj a, Engi zek, Uludaz and
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Figure 10. Agriculturalpl ai ns of Kahramanmarak Provi.
(source: EMDA, 2015)

The major streams oftig,r ovi nce are the Ceyhan River, Hu
Sar éz, Er kenez a frigureAlh @ihe soarce ofCeyban Riser i is e e
Pénarbaké, which is |l ocated FigueRBl). en sout heas

Ceyhan River, with a total length of 509 km., is one of the most important rivers for

¢ukurova Plain together with the Seyhan Rive

59.7% of the surface area of the province consistsountains, 24% of plateaus and
16.3% of plains (MoOEUP 2011:4). The Elbistan Plain, with a length €dG&m in
the eastwest direction and a width of 226 km. in the nortfsouth direction, has
roughly a surface area of 160800 kni. Hence the plaiiis accepted as the fourth

biggest plain in Turkey in terms of the surface area and agricultural potential, after
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the C¢ukurova, Konya and
of 11001150 m (GoK, 2014).
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5.1. 1. Electricity Generat i oBlbismmG@a Mi ni ng Ope
Basin

The lignite reserve in Turkey is 14.5 billion tonnes and 52% of this is owned by

E! Ak18.3% by the Turkish Cba Ent er pri se ( TKK) , 18. 1% b
Directorate of Mineral Research and Exploration (MTA) and 7.5% is owned by
private sector. Regarding this, t he Dbiggest
El bi stan Coal Basin (AECB) (E} Ak, 2015b) .

AECB coversa license area of 34,310 ha,, 290 ha of which is owned Wby | Ak

and the license area &, Ak ided irdoi fivel suksectors by | Ak ( E| AK

201 3; E| AR.Acc@ding b Ak ()2a0dititEbK K (),2.@ hillion

tonnes of proven lignite reservelecated in the Elbistan Plain. The amounttiogé

lignite reserve given b} Ak and TKK corresponds to al mos-
38% of the total Ilignite reserves of Turkey

The location of the lignite license area in the ElbistasiB is shown with red

borders inFigure 12 and the five sufsectors and their locations within the license

area are also shown figure12. As it can be seen iRigure12, the major section of

the mine license areaislocdte i n t he Afkin district and the

approximately 2830% of the Elbistan Plain.

The first exploration activities were initiated with the German technical support by

Otto Gold GmbH and the General Directorate of Mineral Research xguidr&tion

of Turkish Republic, MTA, in 1966. As a result of the systematic exploration

activities, the first lignite was explored in 1967. The feasibility studiefAlBGEB

were conducted between the years 1969 and 1970 and the basin were divided into
fvesubsect ors, as Keklak®°y (Sector A), ¢ol l ol al
Sector E (se€igurel?).

The first surface mining operatiomgere planned and startedhe ct or A ( Kékl ak?®°y
in 1973 for exploitabn of 582 million tonnes of lignite. After starting the first

excavation in 1973, the operations with the buekietel excavators (BWE) were

started in 1981 for stripping the overburden. In order to increase the lignite
production in the basin, SectorB? | | ol ar) was subcontracted fo
the agreement signed beB/wekni Pa2®&09T.ekhhd& detk
timeline of the operations in AECB is given based on Ural (2014) in Appendix D
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Parallel to the nming operations, the construction work for the first thermal power

plant (A Thermal Power Plant) was also started in 1973 and the first unit of the plant

was commissioned in 1984 with the lignite provided from Sector A. The construction

of the second poweplant, B Thermal Power Plant, was started in 1999 to increase

the installed electricity generation capacityABCB. The first electricity generation

was started in the B PRBlwkeirstPdmnfi Ad nT Rer0rn
Planthasa,B55 MW i nstalled -Ebhpasiagy BABd Ther i
Planthasa 4 40 MW installed capacity (E} Ak, 20

The Ignite layer in theSector A(K € k | a k °)ys al@astchoripontal in the central
parts of the basin, where it dip§ ® 2@ towards the southern end of the sector.
Continuous mining operation is practiced with buekeel excavator (BWE) and
belt convegor system in the sector (Mert, 2010). A BWE from t8ector A
operations is shown iRigure13.
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Figure 13. BucketWheel Excavator in the Sector A
(sourceD ¢ z getah,2014)

The opeations are conducted in six benches in the Sé&ci{eeeFigurel14). A BWE

works on each bench; hence there are six BWEbarSectorA. The excavation

capacities of the BWEs are 300ank m*hr for overburden an@900 tonnes/hr for

|l ignite excavation (Mert, 2010; Gének, 2007)
above the bench where it stands and 4 m. below the bench. The bench heights change

between 18 m. and 20 m., which are mainly determined based on theahthes

wheel. The belt conveyors are 1800 mm in width and the working velocity of the

conveyors is 5.2 m/sec. (Mert, 2010).

In addition to the BWES, spreaders are used for spoiling both overburden material

waste as well as waste ashes of the thermal pguamnts in the excavated mine area

in the Kéeklak%°y Sector. For t hi sloogeur pose, 5
mhrand 5.2 m/sec. working velocities are useEe

spreaders and also the spoils in 8eetor Awaste dmp area is shown iRigure 15.
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Figure 14. Lignite excavation énches irthe Sector A

Figure 15. Waste dump site and wasfgodls inthe Sector A
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The Sector B( ¢ ° | lisadhle second active mining operation in AECB. The license

of the sector is owned iy ;| Ak . I n fact the sector was pri vi;
excavate the lignite reserve (Bakar an, 20009
operations inthe Sect@i s t o provide the -Eighstenn@Bded
Thermal Power Plant. The sectis located at the center of AECB and the Hurman

creek passes from the southern border of the sector. The characteristic of lignite is

highly similar in bothA andB Sectors. The thickness of lignite in the sector changes

between 40 and 60 m (TMMOB, 2012

The agreement about the excavation of the Sector B lignite was signed between

E} AazndP&kTekni k A. k for a period of 28 years
first three years were pl aetalg201l)t ©he r each t h.
mining plans were completed for excavation of 1,260 millichofmwaste material

and 431.25 miion tonnes of lignite with an annual lignite production of 17.25

million tonnes. (Bakaran, 2007).

The excavabns in the Sector Bvere started with hydraulic excavator and truck

systems in order to open the boxt. The excavated waste material wasdparted

with trucks to outside dump. The outside dump is located on the southwest border of

the sector, where the baxut was al so started to be opened
et al. (2011, p. 233), the beaut extended about 26t at a depth of about @@n at

the end of the third year and the mining area was planned to extehd a8@ depth

of about 142m at the end of the fifth year. Additionally, siari to theSectorA in

AECB, the mining operations were planned as continuous mining with the BWES

and belt conveyor systems after three years in the S8¢tof u t | etad, 2011, p.

233).

However, two slopedflures occurred in th8ectorB in 6" and 1¢' February 2011.

As a result of these failures, one worker died in the first failure and two engineers
and eight workers died in the second failure (TMBIQ012).Approximately 2625
million m® of material slid into the open cast mine due to the first slope failine
failure is shown irFigure 16. The second failure caused sliding of 50 milliof @
material ino the open cast mine. The failed slope is showrFigure 17. The
dimensions of the slid slope is given as 1000 m long and 600 m wide by TMMOB
(2012, p.5).
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Figure 16. Slope failure athe southernlspe ofthe Sector B

Figure 17. Slope failure at the norttvest slope othe Sector B
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5.1.2. State of Sockc ¢ 0 n 0 my i RElbistaneCoahBagin n

The population of Kahr amanmarhe distri@ofovi nce i s
Elbistan is the most populated district with a population of 142,168 in 2014 after the
Kahramanmarak city center (TURKSTAT, 2015) .
in 2014 (TURKSTAT, 2015) and it is the third most populated district aftastan.

The city of Kahramanmarak i s below the aver
density, which is 74 people/krand 98 people/kArespectively. Also, according to

the report by the Eastern Mediterranean Development Agency (EMDA), the average

éul

housthol d si ze of Kahramanmarak Province is 4.

According to the data of 2012, the literacy rate in Turkey has been determined to be

93.3% and it is 91% in the same year in Kahr
women are literate in Kar a ma n mar aKk . When exaswmdlenied wit hin
can be seen that 90. 4% of the tot al popul at

literate (EMDA, 2014).

The <city of Kahramanmarak i s one of t he mo
Turkey in termsof economic activities. Besides being one of the important trade

centers on the historical Silk Road, it also serves as a crossroad connecting other

important industrial and commercial centers such as Gaziantep, Malatya, Kayseri,

Osmaniye and Adana today.

Production is performed in 35 different industrial branches with an annual turnover
of approximately 2.5 billion USD in the province and 35,000 people are employed in
these sectors. Among these, textile and food sectors are the primary sectors in the
province. Besides these two, electricity generation, mining and production of

industrial kitchen tools are other important sectors.

According to the Industrial Status Report of the province, prepared by the General
Directorate of Industry of Ministry of Saiee, Industry and Technology (MoSIT,
2012), it is seen that 25% of the production and industrial activities are in food
production sector, 24% is in textile, 13% is in manufacturing fabrication and metal
products and 12% is in the mining sector excepligrate and coal in the province.

Hence the mining sector is an important i ndu
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Although vegetable oil, ice cream, pepper, flour, cheese, milk, yoghurt production
are at the forefront in the food sector, the necessityrightion in the Elbistan Plain

Is expressed as an important need in order to use the full agricultural potential of the
city (MoSIT, 2013. The city has 27.4% of the cotton production of Turkey (MoSIT,
2012).

Kahramanmar ak has an ial mpons of the énergy sextoro mi ¢
A f kHlbistan A and B Thermal power plants correspond to 30% of the installed
thermal power plant capacity of Turkey. In addition to the energy generation capacity
from nonrenewables, the province also has a significanewable energy potential.
Recently, 21 hydroelectric power plants are in operation by the end of 2012 and 12
hydroelectric power plant projects are under construction. (MoSIT, 2012).

In terms of agricultural production, 2.9% of the total agriculturat laf Turkey is

|l ocated in the TR63 Regi on, which incl
Osmaniye, and 5.4% share of the agricultural production of the country is produced

in the region (EMDA2014 . According to 2011 dd&ta, Ka
rankin terms of plant production in Turkey (EMDA, 2014).

Regarding the agricultural production st
Af ki n, El bi st an, Pazarcék and centr al di
production (EMDA, 2014, p.164). Inddition to this, 30% of the vegetable
production in the Kahramanmarak Province
(EMDA, 2014, p.169). Regarding this, 53% of the vegetable production in the
Kahramanmar ak Province i s temiongopeatdnsi n t h
are planned.

Af kin and EIl bistan are also two i mportar

stockbreeding. According to the Eastern Mediterranean Development Agency
(EMDA, 20149 approximately 20% of nHbestancat t | e
and 11.5% is in the district of Afkin in
the province with 10.6% and Afkin is the
sheep. In terms of the number of poultry, though there is not anyficagh

i nvest ment in EIl bistan, Af Kin hosts 16% ¢

109



5.2. Implementation of the Developed Framework fot h e Albistan €oal
Basin Case

The indicatotbased sustainability assessment framework, which is developed under
this sudy, is applied in a case study in order to observe if it works as it is aimed and
planned. For this purpose, the stratdgie v e | pl an ni-EbgtanoCoal t h e
Basin (AECB) in terms of the mining sector is selected as the case study. As it is
discused at the beginning of this chapter, the main reason for sel&dEG is the
energy strategy of Turkey, which aims to exploit the lignite reserve potential in the
basin, where the agricultural sector is still highly important. As a result, these two
secbrs, agriculture and mining, which are important for Turkey, are seriously
conflicting with each other.

Therefore, before taking any action, evaluating and understanding the potential
impacts of the mining sector on the society, environment and econamegeassary

at the strategitevel in order to mitigate any irreversible faulty planning practices.
For this purpose, the potential local costs and benefits should be analyzed at the
strategielevel in order to determine environmentaitiendly, socially esponsible

and economically feasible mining sector development alternatives.

The developed framework is applied step by step in this section with a specific focus
on land degradation and efficient natural resource recovery properties of potential
mine plan alternatives INAECB. The details of the developeilamework are

discussed in Chapter 4dthe flowchart of the stepsskiown inFigure4.

5.2.1.Identification of the Strategical Objective (Stepl)

The first ¢ep of all types of assessment tools like the EIA, SEA and SA is
determining the objective of the policy that potentially affects all the future
development actions through plans, programs and projects. In the case of this study,
the focused policy is thenergy policy of Turkey. To study the policy, thé"ive

Year Development Plan of the Turkish Republic (MoD, 2013) is focused as it is the

main policy document for lonterm planning in Turkey.

Regarding the document, the objective of the energy yalfcthe country is to

achieve the following items (MoD 2013);

1 Security of the energy supply
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Increasing the use of alternative energy resources

Achieving resource diversification

Extending the use of the domestic natural resources in the energy production
Achieving sustainability

Creating free energy markets

= =/ =4 4 -4 -

Improving energy efficiency

5.2.2.1dentification of Scope and Targets of the Strategy (Step2)

The second step of the framework is the identification of the scope and also the
strategic targets thatill be used to monitor thachievement of the objectivAs it is

given in Step 1, the energy policy indicates comprehensive and diverse concepts to
consider, such as renewable energy resources, energy efficiency and using the
domestic energy resourceaagcluding the nofrenewable resources. Therefore, like
analyzing all these issues in a single assessment practice, scoping is necessary to

focus on the strategic assessment subject.

As the study is conducted for the mining sector plans, the scoping giotiogy
should focus on fHnextending the use of
productiono. Because, the policy ai ms
resources, this also involves using the domestic lignite and hard coal resources. And
these resources are highlighted as an important alternative for securing energy supply

in thedevelopment plan (MoD, 2013).

In addition to this, sustainability is another strategic objective, because the
exploitation of these resources should be condutetikeidg sustainability issues into
consideration. As a result of these, the scope of the strategic plan involves the
beneficiation of domestic lignite and coal resources for energy generation purposes
by considering the sustainability issues. The scopgven in the development plan
(MoD, 2013, p. 104as;

Domestic coal reserves should be exploited for generation of
electricity by the private sector through using highly efficient and
environmentally friendly technologies. Lignite reserves tlhe

A f kEibistanBasin areused for electricity generation.
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The above given policy issues are determined and defined by the policy making

authorities, which are government, specifically the ministry, and the assembly as the

approving authority of the pigly. The next step is practicing the policy. In order to

implement the policy and succeed in the above given objective by focusing on the

scope given above, the targets of the strategic action are mostly determined by the

practicing public actors. As theld€tricity Generation Authority of the Ministrgf

Energy and Nat ur al Resour ces HEAIlgk&) , t he s
considered for this case.

As the | icense -Hhstare Coal @ddsin, the etratégic planming

documents oE | A kre considered to understand the targets. In this regpect

target for achieving the objective is exploiting the lignite resources with the possible

highest recovery IAECBas 1n1é [ exploitation of l'ignite r

Sectorsunderpublpr i vat e partnership approach]. .. o (|

5.2.3.1dentification of the Sustainability Context (Step 3)

As it is given in detail in Section 4.1.3, the identification the sustainability context in
terms of the focused sector is performed based on a detailed literature review. For
this purpose, this studg iapplied in Chapter 2 in this study. As the details of the
discussion can be seen in Chapter 2, the sustainability context in the mining sector is

determined as;

Creatinglong-lasting social welbeing;

Obtaining comparable information on possible tradls and their

consequence, and

1 Achieving natural resource efficiency for balancing costs and benefits

(including protection of ecosystems and contribution to dasting welt

being)
Regarding these, the primary scope and the targets of the sustainalbii mining
sector are determined specifically in the case of this study in terms of the strategic
planning alternative iPAECB in Step 4 by considering the local understanding of

sustainability in the basin.
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5.2.4.Defining the Sustainability Criteria (Step 4)

In addition to the general understanding of the sustainability context for the mining
sector in Step 2, the sustainability criteria is also needed to be determined at the local
level in order to obtain applicable and reasonable outcomes endhafthe analysis.

The main idea behind this is that the serious and direct negative impacts of the sector

are observed at the local level. These impacts are discussed in detail in S@ction 2.
Additionally, it can be seen ifiable 1 that the majority of these impacts are direct

and negative at the | ocal l evel . I'n t hi.
perception of sustainability and integrating these into decisiaking process is

essential.

For ths purpose, public consultation is practiced in the study. As one of the methods
for public consultation, a survey is applied with the participation of the targeted

stakeholders. This is also valuable for integrating the local stakeholders into the
decisicm-making process as early as possible to avoid any possible conflicts that may
occur in the future. Besides the survey, such involvement may be also practiced
through meetings with community representatives and stakeholder organizations, as

it is discussedh a case in the Central America by Erzurumlu and Erzurumlu (2014).

Before the development and application of the survey, the process sh&iguiia

18 is recommended to be applied as a part of the developewvork. Firstly, the
stakeholders with legal personality, who are directly affected or represent those
directly affected or who have a potential to affect the decision, should be defined
(Step 4.1 irFigure18).

Secondly, organizing focus group meetings with these stakeholders is recommended

to understand their expectations and needs (Step 4Egure 18). Thirdly, the

outcomes of these focus group meetings should bel dee developing the
guestionnaires (Step 4.4 Iigure 18). The pilot scale questionnaires should be

applied in the focused region as the fourth step in order to see whether the
highlighted points fully cover the o ¢ a | i ndividual sé6 expectat
in Figure18). If so, the questionnaire is applied in the focused area (Step 4.5); if not,

the questionnaire should be modified based on the obtained input Hemilot

study. The results of the survey and the focus group meetings are analyzed as the

sixth step and the local sustainability criteria are determined by following these steps.
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Figure 18. The approach for local sugtability criteria determination
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By following the approach inFigure 18, the local sustainability criteria are
determined. First of all, the stakeholders with legal personality are determined. These
stakeholdersare given in Appendix E. In order to reach an understanding about
sustainability, specific needs and problems at the local level, meetings were
organized in Ankara and Kahramanmarak as
between October 2013 and Dece&mB013.

In fact, among these meetings, the focus group meetings were conducted with the
stakeholders that are directly connected with or affected from the mining sector
operations INAECB. Other stakeholders, given in Appendix E, were visited to

inform, to discuss the subject and obtain their vision and comments about the subject.
In this way, the achievement of higher and extensive stakeholder participation is

aimed.

As a result of these meetings, sustainabiélated issues are used for the
developmaet of the questionnaire. The questionnaire that is developed and applied is
given in Appendix F. The questionnaire was first applied at a pilot scale to the
representatives of local organizations and also the locals in 10 settlemARES

in December 203. The outcomes of the focus group meetings andtéatace
interviews with locals, the key issues, highlighted by local communities, are

considered as the sustainability principle framework priorities for this study.

These are grouped under three pillaf sustainability and given ifable 13 below.
The given sustainability issues and priorities are compared with the global
sustainability context obtained from the literature in Step 3. The comparison matrix

is given inTablel14.

According to the comparison Tfable 14, the local sustainability concerns are clearly
collected under creation of a lotasting social welbeing in AECB. The second
highly stressed issue is obtained as the effective natural resource management in
AECB in terms of the mining and agriculturelated land use and land degradation

subjects.

The land acquisition is a financially, socially and environméntalerlapping
subject, stressed by the local stakeholders and it is highly related to mine planning

and also loss of agricultural land in the region. Therefore, the land acqureitzed

115



local sustainability issues are counted under the effective abana@source

management.

Table 13. Sustainabilityrelated priorities irAECB

Pillar Key Issues and Priorities

mining and energy sectors in the region

Practicing the land acqui&n lump sum

Sharing the benefits and contribution to the so
economic development

Environmental A Mitigating air pollution emerging from the therm
power plants
A Water management
A Land use planning ararotecting the agricultural land
Social A Positive discrimination for the locals during ne
employment practices
A Timely accessing information on land acquisition pla
A Considering negative impacts of land acquisition
loss of traditional economactivities
A Improvement in the infrastructure
A Investing in the community for development of t
gualified local work force
Economic A Promoting development of auxiliary industry of t
A
A

To sum up, the sustainability criteria within this study are determined as;

1 Creating longlasting social wetbeing through;
o Employment: Prioritizing local employmenand capacity buildingni
local communities
o Land acquisition management: Minimizing the land acquisition and
lump sum land acquisition;

o Infrastructure: Improvement in the infrastructure.
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Table 14. Global and local sustaindiby priority comparison matrix

Global Sustainability Issues
Local
Sustainability Issues

Creating long-
lasting social
well-being,

Obtaining comparable Achieving natural resource
information on possible efficiency for balancing
trade-offs and their

costs and benefits
consequence

Mitigating air pollution emerging from therm:
power plants

Water management
Land use planning and protecting agricultural lar

Positive discrimination for the locals during ne
employment practices

Timely accessing information on land acquisiti
plans

Considering negative impacts of land acquisit
and loss of traditional economic activities

Improvement in the infrastructure

Investing in the community for development
gualified local work force

Promoting development of auxiliary industry of t
mining and energy sectors in the ragio

Practicing the land acquisition lump sum

Sharing the benefits and contribution to the seo
economic development

Total Overlapping Issues

Very important issue on the local level but the mining se
planning approach can not directly interfere with the suk

i out of scope

X

X
X X
2 4




1 Obtaining comparable information on possible traffe and their
consequences;

o Changein the local economic activitiesimpact of land acquisition and
land use change due to mining operations versus created local
employment in the mining sector and auxiliary sectors;

o Change in the practice of the local economic activitiesmpact of land
acquisition and land use change on the agriculture due to mining
operations versus positive impact on the practice of the agriculture due to
accessing groundwater, used for irrigation.

1 Balancing costs and benefits by effective natural resource management
through;
0 Land use management:Minimizing the land use for the mining
operations;
o0 Land acquisition management:Minimizing the land acquisition;
o Water management: Minimizing groundwater drainage and using
the drained water for agricultural purposes.
Howe\er, the use of groundwater for agricultural purposes and the expectations of
the locals about this is conflicting with the sustainable use of natural resources. The
groundwater management is a complicated subject and it should be considered and
studied indetail in order to understand its impact and to evaluate the level of
sustainability of using the groundwater as irrigation water. However, the irrigation
issue is a subject of infrastructure. Regarding this, the irrigation issue is considered
under the ifrastructure parameter as improving the irrigation infrastructure in
AECB.

5.2.5.Determination of the Plan Alternatives (Step 5)

The fifth step is the determination of the alternatives that will possibly be
implemented in order to achieve the strategiojective by consideng the
sustainability criteria. Even though the strategievel environmental and
sustainability analysis are discussedmany different researchesase studypased
publications are limited. The practice in most of these studidiseigiefinition of

alternatives and analysis of them, and finally the outcomes are shared with the
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stakeholders. Apart from these, Gibson (2006a) explains how the early alternative
consideration based on public consultation is conducted in Canada inedmiole
project at the projedevel.

Regarding the approach given by Gibson (2006a), in the proposed framework, the
public participation and stakeholder consultation is conducted before the alternative
development phase. In this way, early consideratidnthe local needs and
expectations will be practiced at the strategy level and also at the gesjekin the

future and also the achievement level of the sustainable development concept in
practice will be higher.

As it is discussed in previous stepbe scope of the strategy and sustainability
criteria are determined based on the 1|o
these factors, the alternatives are determined for achieving the strategy and

sustainability criteria by considering the ecomoland also engineering limitations.

While working on the alternatives, first the decisima ki ng aut hor i tyos
approaches and also the mine planning practices are considered. This means that as
the reserve has been divided into sectors by thesideagnaking authority

previously, any alternatives aboutdwiding these sectors are not considered for this

study.

However, the consideration of the alternatives, includindivieling of the reserve,
is definitely suggested for further studies abdat basin. In fact, such a study is not

practiced during this research study because of two reasons;

1 As the reserve is owned by a governmental authority, the political
motivation and willingness must lead such a study. Otherwise, the obtained
outcomes willnot be accepted and taken in consideration in practice if the
objective of the study does not overlap with the decislmmk i ng aut hor i
previous planning actions and;

1 Such a study needs more time and expert contribution as well as extra field
survey toanalyze the engineering limitations for exploiting the reserve

under different reserve sections.
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As a rule of thumb of the strategievel analysis, the first alternative should be a no
action alternative. In addition td&SA practices at the strateg@vel, this is also
important and must be a fulfilled condition for the SEA practices. Therefore, as the
proposed methodology is compatible with the SEAanton should be considered

as the first alternative. Other alternatives are developed based otmatiegys and

sustainability scoping outcomes of the applied framework. These are giVeibls
15

Table 15. The Mining Sector Plalternatives for AECB

Condition - A Condition T B

No change in the Hman Creek bed = Change of the Hurman Creek bed ar
and highly staying within the current  extending the current license area ir
license area order to maximize the reserve recove

Alternative 1: No-action T continue Alternative 4: Extractingthe Sector C-

operations inthe Sector A( K & kK | Intervention with the Hurman Creek b

andtheSect or B ( ¢° | | no intervention withthe Sector B and E
Power Plant

Alternative 2: Extractingthe Sector D Alternative 5: Extracting Sectors C an
Reservel No intervention with the D together - Intervention with the
Hurman Creek, B Power Plant an Hurman Creek but no intervention wi
Sector B Sector B and B Power Plant

Alternative 3: Extractingthe Sector E
Reserve

The predefined sectors areamed aghe Sector A the Sector B,the Sector Cthe

Sector D andhe Sector E, which are shown Figure19. IntheSect or A ( Kékl ak?®y
and the Sect or B (¢°llolar), t he mi ning oper at
Therefore, a safe distance is needed between these operations and the suggested
alternatives. The possible alternatives are explottiegector C, D and Eeparately

and the joint combinations of these sectors. In this respeitte&se ct or B (¢° 1 |1 ol a
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is recently active, the only possible combination can be the combinatibeSéctor

C and D. As a result of tardseoomdxpéoetat i
theSect or céo, the3ptobot aDibon deptbot atEibomr
6jointly dhepeotiomatCoandfDO.

Legend

®  Settlement
Creek
% Thermal Power Plant

D License Area

e Kislakoy drainage canal

Figure19Mi ning | icense area in AECB and min

In fact, as the location athe Sector C is considered (séagure 19), potential
interaction with the B Thermal Power Plant and also wi#hnSedor B operations

must be taken into account. Indeed more importantly, the Hurman Creek passes from
the northwest to the soutkast througththe Sector C. As a result, if the sector is
going to be mined, the bed of the Hurman Creek must be changed atttie/est

end of the sector. Therefore, changing the bed of the Hurman Creek is a preliminary
condition for all the alternatives, including the excavation tie Sector C.

Consequently, the alternatives, including the operationthenSector C, demand
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changing the bed of the Hurman Creek but others may be mined without such a
change; the alternatives are grouped under two conditions, as Condition A and
Condition B, inTable15.

Among the above listed alternativethose highly accomplishing the strategy
objectives and targets, obtained in Step 2, and local sustainability scoping outcomes
given in Step 4, are tried to be used for further discussigyssthe sustainability
criteria are minimizing the land use forimmg operations and alswonsidering the
waterrelated concerns of thécal communities;the alternativesincluding the
changeoft he Hur man afdrestendiiyshe hicende arshould not be
considered.

Therefore as these two criteria gigenunder ConditiorB in Table 15, alternatives

under Condition B are nabnsidered for further discussions. This is because even if

these alternatives may have a higher potential to achieve the strategic targets (Ste

2) , these are definitely unsustainabl e in
view. As a result, only three alternatives are left to anadyw€ase 1n this study.

The details of these alternatives are given below.

5.2.5.1 Alternative 1: No-action
As it is mentioned previously, the first alternative must be thaation alternative.
The noeaction alternative means that the conditions should be accepted as they are
before any suggested alternative is applied in the basin. Therefore, all ttiegexis
conditions and operations are considered under trection alternative without any
modifications or changes. In this respect,-astion means continuing mining
operations irthe Sector A andhe Sector B, as it is shown iRigure 20. The other
suggested or developed alternatives are compared against-#utiamoalternative.
In this way, possible change in the sustainability level might be evaluated according

to the existing situation (existing sustainakilivel).

In other words, the sustainability index score (SIS) of theactmn alternative is
accepted as the threshold. Thus if the compared alternative will have positively

higher SISthannact i ondés SIS, it shoul d efaivesel ect ed.
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will have a lower SIS in a negative way than theaction, the compared alternative

should not be selected for implementation.

Figure 20. The mine operation area foroMction alternative in AECB
(Source: Landsat 8,ugust 2013, sourcenttp://earthexplorer.usgs.gov/

5.2.5.2. Alternative 2: Extracting Sector D

The second alternative is extracting the lignite resenibearSector D (Sed-igure

21). For this alternative, thiollowing conditions must be considerethe possible
mining operations irthe Sector D should not interact with the Hurman Creek, B
Power Plant anthe Sector B. For this purpose, a pillar distance is set based on the
expert opinion (Ural, 2015). The @l is determined as 300 m on the surface that
approximately equals to a distance of 1300 m at the bottom of the reserve due to the
overall slope angle. In addition to these, the operations should stay within the current
license area as the local stakehoddelearly stress that the land use for mining

operations should be minimum. Therefore, the pit should be designed within the
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current license area as it is shownFigure 21. The details of the alternative are

given in the data collection step (Step 7).

] Legend
—— Waterways
9 Power Plants
- T N p D License Area
01,2525 5 75 10 = Image: Landsat ETM+ / Natural color composile
O — m— Acquisition Date: August 2014 | Source: http://www.usgs.gov/ (Last accessed: April 2015)

Figure 21. The mine operation area faiternative 2 in AECB

5.2.5.3. Alternative 3: Extracting Sector E
The last alternative, which meets the conditions given in Condition A, isngini
Sector E Figure22). As minimal land use and staying within the current license area
are important criteria, the mining operations should be planned by using the opening
of Sector A. In this way, as no pillarilivbe left betweerthe Sector A andhe Sector
E, the recovery amount and the land use for the mining operations will be optimal.
These conditions are determined before the data collection and assessment phase

based on expert opinion while considering gle@eral engineering factors.
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However, a pillar must be left betwethe Sector E andheSect or B (¢° 1 | ol
pillar betweenthe Sector E andhe Sector B has the same parameters, which are
applied in the Alternative 2. These are leaving a-B@@er pillar on the surface

between these operations and an approximately-&886r pillar is also needed to

be left at the bottom of the lignite reserve to keep the overall pit slope within the
acceptable limits. As the alternatives are finalized, the negt stdicator selection,

should be completed based on the identified sustainability criteria as well as the

alternatives within the scope of the strategy.

Legend
—— \Waterways
9 Power Plants

¥ oA
el
D License Area
Image: Landsat E'TM | / Natural color compe

Acquisition Datc: August 2014 Source: http://www.usgs.gov/ (Last accessed: April 2015)

Figure 22. The mine operation area foltérnative 3 in AECB

5.2.6.Determination and Selection of Indicators (Step 6)

The indicators, classified in Chapter 3, are evaluated in the indicator selection matrix
in Appendix G The used scores are modified from the analytidalarchy process

(AHP) method of Saaty (2008). The siog is not conducted based on the relative
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importance of the indicators; in fact only the scoring scale of the Aldthodis
simplified to classify and select the indicators in this stutlye details of these
parameters, criteria and the scoring scateggaven in Appendix GAfter scoring all

the indicators based on the parameters in Appendix G, the final set of indicators are
obtained for the environmental, social and economic indicator sets and these are

given inTable 16, Table17, andTable18 respectively.

The environmental indicators are scored in Appendix G and the number of the
highest scored indicators, obtaining 15 and 14 points, is only eight. As the number is
lower than the determined indicator number threshold and there are four indicators
with a score of 13, these are also selected and given in the environmentdlagde in

16. The indicators inTable 16, Table17, andTable 18 are not listed based on their
scores. Therefore, the order does not show any importance among the selected
indicators. Also, some of the given indicators are marked ijhand[s]. The[m]

means that the indicator is modified from the original indicator in Appendix B and
the[s] indicates that the indicator is suggested in this thesis, respectively.

As it is discussed in Section 4.6, maximum 10 indicators are planndak to
considered for each set in order to keep the total number of indicators within a
manageable amount, based on the literature review (Bell and Morse, 1999 in Moles
et al, 2008, p.154; Gustavsa al., 1999 in Graymoret al.,2009, p.454).

Contrary to his, as there are seven indicators given in the in the social set and six in

the economic indicator set, the following highest scored indicators are not selected in

order to get 10 indicators. This is because other than the selected indicators, the

relevac e parameter scores of other indicators |
that if these indicators were selected for the purpose of obtaining 10 indicators in the

social set as it is applied in environmental set, the added indicators would be out of

the scope of the thesis. This is not true for only one indicator that is given 3 points

for relevance but 0 point for data availability. As data availability is a limitation for

assessing the indicator within this study, it could not be selected. A siitiiaticn

is also seen in the economic indicator selection in Appendix G. Besides the
indicators with 606 scored relevance par amet

scores but 6006 data availability score are n
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Table 16. Final environmetal indicator set for Case 1

ID Indicator Unit

% of resource is left relative to the total amount of the permit %
E1l reserves of that resourcph]

g2 Total land area that needs to be rehabilitatef [ ha
g3 Percentage of forest damaged by defoliation %
g4 Amount of land (will be) disturbed due to mining operatian$ [ ha

Total area of permitted development (mines and all other

E5 facilties) ha
Total land area newly opened for extraction acsitjincluding ha
E6  area for overburden storage and tailings)
Percentage of newly opened land area relative to total permi o
E7  development 0
The number of sites on environmentally protected or sensitiv Nbr
E8 areas, including both current and planned depralents
Eg Loss of arable land ha
E10 Amount of land consumption ha
E11 Areachange from greenfield to brownfield ha
Total waste extracted (nesaleable material, including P

E12 overburden]m]

*The original indicator is needed to be transfodnte negative impact as all tf
other selected indicators in the set indicate negative impact conditions (the o
version is given in Chapter 3 and Appendix G).

Table 17. Final social indicator set fadzase 1

ID Indicator Unit

S1 The number of proposed developments that require resettler Nbr
of communities

S2 The number of households resettled due to proposed Nbr

developments (Displaced population)

S3 The number of archaeological sites affected from the strateg  Nbr
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Table 17. (continued)

ID Indicator Unit

S4 Vehicle accessibility negatively affected by Nbr
settlements/populatiorfm]

S5 Total new land acquisition**d ha

S6 Percentage of local population thinking/observing the mining
sector as a potential soerof conflicts at the local level in term
of environmental issues, including land use and land acquisr

[s]

*The original indicator is needed to be transformed to negative impact as
other selected indicators indicate negative impact comdit{the original versiot
is given in Chapter 3 and Appendix G).

%

**Contrary to economic indicator set, land acquisition is seen as a negative i
in the social set in this study because most of the purchased land is agric
land and it is an impaoant local economic activity of the locals. The appl
guestionnaire shows that local communities see land acquisition as a ne
impact on their society.

Table 18. Final economic indicator set f@@ase 1

ID Indicator Unit
Ec1 Production amount of sellable produpty tonnes
Ec2 Produced goods or services per land input %

i monetary
Ec3 Total cost of land acquisitions] unit

Recovery of reserve (ratio

0
Ec4 tonnes) § &

The numberof families (individuals) that need to chang
somehow their traditional source of income, i.e. fores

EC5 fishery, farming etc. due to land acquisition and/or min
operations** f|

Nbr
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Table 18. (continued)

ID Indicator Unit

Ratio of the numberfdocal families benefiting from the minin
sector directly by employment in the mining company to

EC6 number of families benefiting from the traditional econol
activities on the mine operational area*¥j [

%

* The cost of the land acquisition is a aéige indicator for the investor but it has
positive impact on | and owners frc
case, the cost of land acquisition can be accepted as a positive impact beci
public will benefit from the payment and thest of the acquisition will be covere
by the investor(s).

**In case of changing the source of income from traditional economic activiti
employment in the industry and in the service sector, the vocational qualific.
of the locals need to be ingred as well as resettlement etc. is necessary. H
the indicator is indicating a negative economic impact. For the sake c
economic index, the indicator needs to indicate positive outcome in order to
a cumulative positive result from the eowonic index. Therefore, the indicat
value will be standardized as a dominator of 1.

***As a rule of thumb, an industrialized and regulated mining sector creates
paid jobs for its employees compared to small scale and traditionally pra
econanic activities, such as agriculture, livestock. This is also seen fron
applied questionnaire, as 16.2% of the individuals from the households
participated in the survey are working as unpaid family laborer in the agrici
sector. Therefore, theigh employment number of the locals in the mining se
improves the economic wetleing of locals during the mining operations.

5.2.7. Data Collection and Baseline Conditions (Step 7)

The data collection is conducted based on the finalized alersaand also
considering the selected indicators. First, the needed data and the sources of
obtaining the data are determined by studying the alternatives and indicators.
Regar di ng t hea atlithe®ebdigal andheSector EEnming planning

related information is needed to be focused. These are discussed in the reserve model

subsection below.

The selected indicators under the three sustainability indicator sets are ghadsdn
19. The indicatorsare tagged with IDs as those in the environmental set E1 to E12;
social set, S1to S12 and economic set, Ecl to EE8be19. These IDs are used in

the assessment step. In addition to the IDs and units afdieiors, also the source
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of the needed data for analyzing these indicators is also given in the fourth column of
the table.

Table 19. The needed data and data sources for the selected indicators

ID Indicator Unit Data SourcéNed
% of resource is left relative to the _

g1 total amount of the permitted %  Reserve modeland min
reserves of that resourbﬁe] |ay0Ut of the alternative:
Total land area need to be ha _

E2  rehabilitated iin] Mine layout

£a Percentage of forest damaged b % Mine layout and land
Amount of land (will be) disturbed ha o

E4  due to mining operationsr] Mine license area
Total area of permitted developmen Mine layout of the

ES  (mines and all other facilities) alternatives
Totalland area newly opened for _

Eg extraction activities (including area ~ ha ~ Mine layout of the
for overburden storage and tailings) alternatives
Percentage of newly opened land a _ .

g7 relative to total permitted %  Mine layout and mine
development license area
The number of sites on

E8 enva_nmentally protegted or Nbr Mine layout and land
sensitive areas, including both use/land cover maps
current and planned developments

Eg Loss of arable land ha  Mine layout of the

alternatives
£10 Amount of land consumption ha  Mine layout and land
use/land cover maps

£11 Area change from greenfield to ha Mine layout and land
brownfield use/land cover maps
Total waste extracted (nesaleable e Reserve model and min

E12 material, including overburdeiin] layout of the akrnatives
The number of proposed _
developments that require Nbr  Mine layout and land

S1

resettlement of communities

use/land cover maps
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Table 19.(continued)

ID Indicator Unit Data SourcéNeed
The number of households resettlec Mine layout and land
s2 due to proposed delopments Nbr yse/land cover maps ar
s The number of archaeological sites " Mine layout and land
affected from the strategy use/land cover maps
Vehicle accessibility negatively o Mine layout and land
S4  affecting settlements/populatiorifn] use/land cover maps ar
questionnaire results
g5 Total new land acquisitiors] ha Mine layout
Percentage of local population
thinking/ observing the mining sectc
as a potential source of cowrtls at the o _ _
S6 local level in terms of environmenta 0 Questionnaire results
issues, including land use and land
acquisition[s]
Ecl Progucttion amount of sellable tonnes Reserve model and mir
productgm] layout of the alternative
Ec Eroc{uced goods or saces per land % Reserve model and mir
inpu layout of the alternative
Ec3 Total cost of land acquisitiors] monetary Reserve model and mir
unit  |ayout of the alternative
Recovery of reserve (ratio of Mine layout of the
galternativeds to % alternatives and unit
tonnes) § land prices
The number of families (individuals)
needing to change somehow their
traditional source of income, i.e. Nbr  Reserve model and mir

EC5 forestry, fishery, farming etc. due to
land acquisition and/or mining

operations §|

Ratio of the number of local families

benefiting from the mining sector

directly by employment in the minin

Ece company to the number of families

benefiting from the traditional
economic activities on thaine

operational areas]

%

layout of the alternative

Mine layout of
alternatives, land
ownership of land and
employment
information
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5.2.7.1. Reserve Model and Mine Layout of the [fernatives
As it is given inTable 19, the data for 22f the selected indicators out of 24
indicators can be generated from the lignite reserve and mine layout of the
alternatives. In addition to these, data for two of the indicators can be obtained from
the license area and from the results of the condustevey inAECB. For this
purpose, the model of the lignite reserveAlBCB is developed within this research
study.

The reserve model data is obtained from the
2014. The drilling studies were conducted by MTA in different time periods in

AECB. All the data is given as Logs of the drill holes in fimtimat. The distribution

of the nunber of logs along with the sectors is giver able 20.

Table 20. Sectorbased distribution of the used log data in AECB

Sector Number of drill holes
Sector C and SectorD 775
Sector E 562
Sector B (¢°1 1ol : 186
Total Drill Hole Data 1523

For a better presentation, the drill holes used for the reserve model are shown on the

sector map oAECB in Figure23. Three different colors are usedthis figure. The

green colored drill holes are located tive Sector E and part ofhe Sector A
(Keklak®°y), which i s ntheSeadr A Bhe comidorp&o r r i dor S
of the Sector A is located at the nonvest of Sector E.

The red coloredirill holes are shown itheSect or B (¢°I1 |l ol ar) . The
drill holes are those ithe Sectors C and D as it can be seeRigure23. In fact, the
drill holes at the nortleast end othe Sector C ardocated within the area of B

Power Plant. The power plants are shown with yellow sigRagiare23.
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Figure 23. Distribution of drill holes iIPAECB mine license area

Regarding the ditihole Logs in pdf format, firstly, the calorific data for 1523 drill
holes are transformed from pdf format to Excel tables. During this transformation,
only the calorific values of the drill holes are taken into consideration. The reason for
consideringonly the calorific value is that the study does not aim to develop a
detailed mine plan to be used in the production at the prlejeet Additionally, due

to the time and humaresource limitations, other parameters, such as Sulphur, ash

and moisture cdents, could not be transferred into Excel tables.

After completing entering the calorific values of each drill hole from pdf to Excel,
this is used for modelling the reserve in the basin. The reserve model is developed on
Micromine 2014 Version 15.0.3.8oftware, licensed for the Mining Engineering
Department of Middle &st Technical UniversityThe histogram of the lignite
reserve based on calorific value is giverFigure 24. The statistics of the reserve is

given inTable21. The cut of grade of calorific value for lignite is considered as 750
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kcal/lkg, which is the minimum usable calorific value in the A and B Thermal Power
Plants inAECB (Ural, 2015; Besbellet al, 2009, Y° r ¢ ko] ). u, 1991

Table 21. Summary statistics of lignite reserve in AECB

Minimum  Maximum Mean Median Standard
Value Value Deviation

751.00 2,915.00 1,166.21 1,162.00 224.48

Calorific Value
(kcal/kg)

In order to see the dishution of the lignite reserve, QQ Plots are drawn for the
normal or lognormal distributions of the calorific value in Micromine and these are
given in Figure 25 and Figure 26, respectively. Although there are some slight
deviations from normal QQ line in the datgure25), the data is considered to be
normal as the deviation is attributed for high calorific values, which ardréspsent

in the data Figure 24). As it is seen fronFigure 26, lognormal QQ plat is not

appropriate for the data.

As it is mentioned previously, the reserve model iy ised to obtain the needed
data for the assessment of the indicators, which is givaralie 19. Therefore, a
detailed mine plan and a model usable for production is not created. However, the
general mine openain parameters of the current operating mining sites are

considered.

For this purpose, the parametersttd Sect or A ( Kékl ak?®y) mi ning

obtained as (Ural, 2015);

Overall slope angle : 102°
Bench slope angle: 3%5°
Bench height: 2@25 m

1
1
1
1 Bench width: 100 m
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According to the mining operational parameters in the Sector A in AE@Bmine

plans of the alternatives are created based on the following parameters;

1 Overall slope angle: 22

1 Bench slope angle: 40

1 Bench height: 15 m

i Bench width: 100 m
The Inverse DistarcWeighted (IDW) grade interpolation is applied to complete the
3D block model in Micromine. In order to calculate the total reserve, the
approximate reserve recovery and the land use need of the each alternative in the
assessment step, an optimal blodess tried to be used.

Regarding this, as the bench height is accepted as 15 m., the block size for this study
is determined as 7.5 m, which equals to the height of 2 block$ench. Topiew

reserve modeligure is given inAppendix L The results bthe reserve model for

each sector and the average calorific values of these are givEabla 22. In

addition to these, the details of the reserve calculation are given in Appendix H.

Table 22. Reserve estimation results of the sectors in AECB

Sector Volume Lignite Reserve Average Calorific Value

(m°) (tonnes)* (kcal /kg)

A (Kéekl 284599828.1( 398,439,759.4( 1,057.34

B (¢°1 516,899,390.6( 723,659,146.9( 1,035.86

C 459,931,921.9C 643,904,690.6( 1,034.18

D 539,386,171.9C 755,140,640.6( 1,096.87

E 590,157,984.4( 826,221,178.1( 946.51

B Power Plant  135,064,125.0C 189,089,775.0( 1,055.72

overlain

Total 2,526,039,421.9( 3,536,455,190.6( 1,031.19

*Density = 1.4 t/m (Ural et al, 2005)
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ALTERNATIVE 1: NO -ACTION

The first alternative is the maction alternative. It involves two currently active
mining gperations inthe Sector A andhe Sector B. Figure 27 shows the mining
operations inthe Sectors A andhe Sector B in AECB. Based on the developed
reserve model, the calculated parameters of thacton alterative are given in
Table23.

Sector A (Keéexklak®%y)

TheSect or A, also known as Keéklak®°y, is an ac
of lignite reserve left in the southern part of the mining afba.Sector A is shown

with the green area irFigure 27. The total licensed sector area is 5,334.60 ha in

Kékl ak°y and the actual open cast mining ar
the future mining area is located in (corridor aredhwan area of 1,259.0 ha. 920.23

ha of total mining area is outside the dumping site, which is being reclaimed. As

there is no mining operation in the remaining part, which is called the corridor, this

area will need to be expropriated.

The stripping rao in the Sector A is 2.26:1 (Uradt al,, 2005) and it is assumed that

the recovery ratio of the remaining lignite reserve in the corridor region will be

85.30% based on the overall recovery ratio in the sector, which is calculated based

on stripping rab. The future mining area, the corridor area, is located on the

agricultural land; there are no villages or other settlements in this area. However, the

main road connecting the villages of Al emdar

District passes thragh this area.
Sector B (¢°l 1ol ar)

The neaction alternative also involves the active mining operation in Sector B, also
named as ¢°Ill ol ar. T the Seatoe B ag A2%659i146.90e st i mat e
tonnes. The current planned operational area involvels tha lignite excavated

mining area and also the outside waste dump site. The surface areas of these are
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1,352.19ha and 604.30 ha respectively. The total mine license area is 2,354.44 ha.
The stripping ratio itheSect or B is 2.21:1 (¢ankaya,

"‘{""/ .ll

g S TN,
4 I'E ",
5 A A
Legend
¥ |
9 Power plants
¢
OO 1 icence Area
y y c

‘,

Figure 27. The mine operational area for theJdction alternative
(Source: Landsat 8, August 2013, sourh#p://earthexplorer.usgs.gov/

Table 23. Summary of the parameters foo-action dternative

Parameters Sector A Sector B
Lignite reserve (tonnes) 398,439,759.4( 723,659,146.9(
Overburden () 768,061,000.0( 1,266,473,208.0(
Stripping ratio (r/ton) 2.26:1** 2.21:1%**
Recovered reserve (tonnes)* 339,850,000.0(¢ 573,064,800.0(
Reco\ery of the reserve (%)* 85.30 79.20
Mine operation area (ha) 2301.03 1352.19
Outside dump area (ha) 920.23 604.30
New opened mine operatic 1259.0 459.98
area (ha)

Total planed mining area (ha) 4480.26 2416.47
Total Defined Sector Area (ha) 5334.60 2354.44

*calculated based on stripping ratio; **Uretlal.,2 005; * * * ¢ank
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ALTERNATIVE 2: EXTRACTING THE SECTOR D

The second alternative covers the mining operatidherSector D, which is shown

in Figure28. In order to calculate the parameters for this alternative, the mine outline
is developed with Micromine. It should be considered that the developed mine plan
is a very rough plan that cannot be used for production planning or other assessment
purpo®s at the projedevel in practice.

| Legend

Waterways
9 Power Plants

: 3 D License Area
Image: Landsat E'TM + / Natural color composite

Acquisition Date: August 2014 | Source: htip://www.usgs.gov/ (Last accessed: April 2015)

Figure 28. The mine operation area for Alternative 2

Based on the developed mine outline, the parameters, which will be used at the
assessment step, are calculated and these are givehl@24. The total surface area
of the open cast mine is calculated as 3,425.32 ha. The sector area, defined by
E | Als calculated as 4,225.93 ha. As there is not an active mining operation in the
sector, the minig operations should be started by opening aduix The waste

material of the boxcut opening will be dumped outside the open cast mine area.
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Table 24. Summary of the parameters for Alternative 2

Parameters Sector D
Lignite reseve (tonnes) 755,140,640.62
Overburden () 2,428,525,648.9¢
Intercalation (r#) 113,098,782.0(
Stripping ratio (n/ton) 3.79:1
Recovery of the reserve (%) 88.84
Recovered reserve (tonnes) 670,841,325.0(
Outside waste dump @n 617,821,160.57
Interral waste dumgn) 1,923,803,269.6°
Total waste dumpe(in®) 2,541,624,430.9¢
Mine operation area (ha) 3425.32
Outside dump area (ha) 973.70
Total planed mining area (ha) 4399.02
Total Defined Sector Area (ha) 4225.93

After opening of the boxut, the lignite excavation starts and the rest of the
overburden will be dumped in the excavated mining area. Theutogpening is
shown inFigure29 and the total mining operation area is showhigure 30 below.

More detailed figures for the alternative are given in Appendix I.
ALTERNATIVE 3: EXTRACTING THE SECTOR E

The third alternative covers the mining operatioth@Sector E, which can be seen

in Figure31. In order to calculate the parameters for this alternative, the minésplan
developed with Micromine.As it is set during the development of the alternatives,
planning the mining operations within the license area is expetteztefore the

Sector E open cast mine plan is developed within the license area but it covers a
bigger surface area than the sector arda pfA, kvhich is given as 2,728.84 ha. The
total surface area ahe Sector E is calculated as 4,927.73 ha accgrdm the
preparedmine layout under this studyAlthough there is not an active mining
operation in the sector, it is planned that the mining operations can be started without
a boxcut if the excavation is continued from the openinghaf Sector A. In tis

way, the recovery in the sector can be increased and also the wasteSettor E

can be dumped in the minedit part ofthe Sector A.
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Figure 29. Top-view of the boxcut opening irthe Sector D

Figure 30. Top-view of the mine layout ahe Sector D
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Figure 31. The mine operation area for Alternative 3

In fact this is determined after developing a plan with adaxand a pillar between

the Sector A during the planningf the alternatives of this study. It is seen that if the
operation is planned with a baxit opening, the waste material from the box cut will
be dumped outside the mining operational area. This will cause extra land
acquisition. In addition to the need extra land just for the waste dump, it is also

realized that such a plan causes a significant decrease in the lignite recovery.

In order to avoid these, the plan ftwe Sector E is developed as it will be practiced

as an extended excavation from tlericlor section othe Sector A. The total mining
operation area based on the mine layout developed under this study is shown in
Figure32 below. A more detailed figure of the mine plan is givedppendix L As

it is seen irFigure32, the southwest ofthe Sector E mine overlaps with the Hurman
Creek. However, according to the primarily defined conditions, no interaction with
the Hurman Creek is aimed. It is assumed Bicfice that the original basin of the

Hurman Creek will be kept and so the interaction seen in the above figure will not
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occur. Based on the above given mine layout, the parameters, which will be used at

the assessment step, are calculated and thesesaneigi able25.

Figure 32 Top-view of the mine layout ahe Sector E

Table 25. Summary of the parameters for the Alternative 3

Parameters Sector E
Lignite reserve (tonnes) 826,221,178.1:
Overburden () 4,292,318,278.5-
Intercalation (r#) 451,214,718.7¢
Stripping ratio (r/ton) 11.08
Recovery of the reserve (%) 51.80
Recovered reserve (tonnes) 428,011,762.5(
Outside waste dump @n -

Internal waste amp (m°) 4,743,532,997.2¢
Total waste dumped (m3) 4,743,532,997.2¢
Total planed mining area (ha) 4,927.73
Total Defined Sector Area (ha) 2,728.84
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5.2.7.2Land Use and Land CoverMa p s o f -Ellbistan @oflBasin

In addition to the lignite reservaodel and the mine layouts for the plan alternative,

the maps for land use and land cover are also needed to obtain the data to analyze the
indicators given inTable 26. In order to obtain data for analyzing thesdicators,

two maps are preparedhe first one is given ifrigure 33. The figure is developed

by D¢etd.@2014). The figure indicates the classification of the land in terms of

its purpose of use, which dludes agricultural, settlement, forestry, water ways,
green and brown lands. The map is studied at the ArcGIS ArcMap 10 software in
order to calculate the data that is used for analyzing the indicators with IDs, E3, E8
and E9, given imable26.

Table 26. Data, used for indicator evaluation, generated from the land use and land

cover maps

ID Indicator

E3 Percentage of forest damaged by defoliation

E8 The number of sites on environmengglrotected or sensitive areas,
including both current and planned developments

E9 Loss of arable land

S1 The number of proposed developments that require resettlement
communities

S2 The number of households resettled due to proposed developmen
(Displaced population)

S3 The number of archaeological sites affected from the strategy

S4 Vehicle accessibility negatively affecting settlements/population

The lad use map is usetb obtain the data indicating the possible impacts and
interaction abut the infrastructural changes, resettlement needs and possible
interaction with the archeological sites due to the applicatidgheoélternatives. The

satellite image withthe roads, settlements, mine license ateaSector D andhe

Sector E mine layuts as well as the water ways, is givelfrigure 34. The locations

of the archeoloigal sites are obtained frola| A K . The figure 1 s ma
determine the data for the indicators with IDs of S1, S2, S3 and S4, gileblia

26.
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Figure 33. Land use land cover map of AECB
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5.2.7.3.The Data Obtained from the Survey
The surveybased data is only used for the indicatoth the ID of S6, which is

Opercent age of

| ocal

population thinking

source of conflicts at the local level in terms of environmental issues, including land

use and |l and acquisitiond6 in

the anal ysi

In order toobtain this data for the paction and other alternatives, the outcomes of

the three questions are needed to be usedjuAstitativeinformation is tried to be

obtained for a subject on the personal observation of the survey participants, different

gueston results are needed to be used. The needed data is about the evaluation of the

likeness of facing a positive or negative situation in the future related to the active

mining operations and also possible mining operations, which are not observed or

informed to locals. Therefore, this is asked to the locals and share of different

opinions in the sample group is used as the quantitative data for analyze.

For this purpose, two questions results are used to provide data for-Hutiaro

alternative. Thesgquestions and obta#d answers are given Trable27 andTabe 28

below. The highlighted percentages are used for calculating the percentage for the

no-action situation. Irfact, as there are two different results, the mean of these are

used as the obtained data for analyses.

Table 27. Consideration and fulfilment of the expectation of the locals about land

acquisition

(Q85) Frequency Percent  Valid Cumulative
Percent Percent

Increase 42 4.2 4.7 4.7
Decrease 111 11.0 12.3 17.0
Samg no posrgve change in th 715 70.9 79.5 96.6
positive direction
No idea 31 3.1 3.4 100.0
Total 899 89.1 100.0
Missing answer 109 10.9
Total 1008 100.0

147



Table 28. Compression of the likeness change about the conflicts between the
mining companies and the local communities

(Q86) Frequency Percent  Valid Cumulative
Percent Percent

Increase 464 46.0 48.7 48.7

Decrease 25 2.5 2.6 51.3

Same no positive change in t

. S 400 39.6 42.0 93.3
positive direction
No idea 64 6.3 6.7 100.0
Total 953 94.4 100.0
Missing answer 55 10.9
Total 1008 100.0

Other than these for the Alternative 2 and Alternative 3, the related percentage of
sunwey question given below is used as the data for analysis. The question, the
guestion 39, asks the |l ocal stakehol der 6s e:
Elbistan region. Several answers were provided in the questionnaire but only one
choice is alleved. Regarding this question, 30.4 % of the participants chose the
answer Omore mining operations and power pla
basin and all these wil/l cause more probl em:

for analysis of Alernative 2 and Alternative 3 for the indicator S6.

5.2.8. Assessment and Evaluation of the Alternatives (Step 8)

The assessment step and evaluation step involve the application of transformation

and weighting processes. These are discussed in detal fallbwing sections.

5.2.8.1. Transformation
The first step for the assessment is the transformation of the selected indicators. For
this, the standardization method is applied. The reason for selecting standardization
over normalization is that many the selected indicators do not have any threshold
values. Without threshold values, normalization cannot be applied. In fact, as the
standardization method uses the standard deviation of values of alternatives for each

indicator, the standardization ipgied for each selected indicator.
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The values and standardized values of the indicator under each alternative are given

in Appendix J After the application of the standardization, two indicators under the
environmental set do not use further analysise $he i ndi cat or s ar e
forest damaged by defoliationd (E3) and
protected or sensitive areas, including
The reason for this is that the values for these indicato are 606 in te
alternatives. Therefore, the standardized values are not obtained for these indicators.
Hence, these two indicators are eliminated from further analysis.

5.2.8.2. Weighting
As it is discussed in Chapter 4, two weighting methar@sapplied. The first one is
the equal weighting method, in which all the indicators are given the same weights
while calculating the index score (IS) and also the sustainability index score (SIS) of
each pillar. The second one is the analyiuatarcly process (AHP), where
different weights are used for each indicator in order to calculate the IS of each
pillar. Additionally, the index weights of each sustainability pillar are also calculated

with the AHP to obtain a final SIS of the alternatives.

a. Evaluation of the Plan Alternatives under Case 1by using the Equal
Weighting (EQW) Method

The weights of each indicator under the environmental, social and economic pillars

are calculated based on the equation given below (Eq.11);

— T@rTuv (11)

The standardized values of each indicator for each alternative are multiplied by a
weight of 0.045 and all these are summed in order to obtain the index score of each
pillar. The results are given ihable 29. The first 10 indicators are environmental
indicators and as it is given iAppendix J the environmental indicators give

negative impact results.

The second group imable 29 is social indicatrs, which numbers six. The
standardized results of each social indicator are also multiplied by the weight and all

these are summed to get the social index score (ISs). Social indicators also have a
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negative impact on the sustainability. Therefore, lokesults of these indicators are

more favorable for obtaining higher sustainability scores.

The third pillar is the economic pillar, where six indicators are given and the
standardized values of them are also multiplied by the weight and afterwards the
reailts are summed to obtain the economic index score (ISec). The economic index
score has a positive impact on sustainability as it is given in Appendix J. Moreover,
as the neaction alternative (Alternative 1) involves two separate mining operations,
the aithmetic average of the standardized values of these two operations is used as

the standardized value of Alternative 1Tiable29.

The calculated index scores of each pillar are shown with grey rofiabie29. The
environmental pillar scores, named as the environmental index score (ISe), of
Alternative 1, Alternative 2, and Alternative 3 are 0.69, 1.05, and 1.34 respectively.
The social pillar score, ISs, of three atf@tives are-0.02, 0.33, and 0.09
respectively. Lastly, the economic pillar score, 1Sec, of Alternative 1, Alternative 2,

and Alternative 3 are calculated as 0.45, 0.58, and 0.36 respectively.

As it is mentioned above, the 1Se has a negative effect tairsalsility. Therefore, a
higher ISe means a higher negative impact, so this indicates a poor sustainability
situation. This must also be considered while calculating the cumulative
sustainability scores (SIS) of the alternatives. In order to considetheitSe should

be added as)(score to the SIS calculation.

Therefore, these results must be multiplied-bywhile calculating the cumulative
sustainability score (SIS). A similar situation is also applied for ISs. The scores of
the social pillar indies (ISs) of the given case af02, 0.33, and 0.09. As ISs also
indicates a negative impact, the social index scores are also multipliedl) bytie

ISec has a positive impact on the sustainability score; therefore these results are used
as obtained iTable29.

The index scores are visualizedRigure 35. The figure mainly shows the score of
each alternative for three pillars. The green line indicates the minimuairglstity
level as a threshold. The threshold, shown with a green line, is determined as 0 for

this case study because the SIS involvear{d (+) index scores.
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This means the sum of (+) values should be at least equa) talges while
calculating tle cumulative score in order to mitigate the possible negative impact by
implementing the alternatives. The index scores of the alternatives are also shown
with three different colors. In this way, it can be compared which alternative has a
score equal torohigher than O for environmental, social, and economic pillars. Also

the finalized index scores of the three pillars are givelraivle 30.

Table 29. Index Scores (IS) of the alternatiwesh equally weighted indicators

Al Al average

Indicator Weight : A2 A3

ID (EQgW Se:torSeé:tor AEIIEI;-r?;ttiI\?(; (Sector D) (Sector E)
method)

El 0.045 0.01 0.43 0.22 -0.23 2.31
E2 0.045 2.75 1.55 2.15 3.64 4.19
E4 0.045 3.63 1.5 2.57 3.55 4.09
E5 0.045 3.47 0.97 2.22 2.54 1.29
E6 0.045 -0.35 -0.76 -0.56 1.28 1.55
E7 0.045 ' -0.64 -0.70 -0.67 0.57 1.74
E9 0.045 433 152 2.93 2.86 3.10
E10 0.045 3.63 1.50 2.57 3.55 4.09
E11 0.045 5.18 2.67 3.93 4.63 4.99
E12 0.045 [-0.43 -0.07 -0.25 0.79 2.17
Environmental Index Score (ISe) 0.69 1.05 1.34
S1 0.045 -1.00 -1.00 -1.00 1.31 -1.00
S2 0.045 -1.00 -1.00 -1.00 1.31 -1.00
S3 0.045 -1.00 0.41 -0.30 1.83 0.41
S4 0.045 -1.00 0.11 -0.45 0.66 1.77
S5 0.045 -0.21 -0.71 -0.46 1.76 1.16
S6 0.045 2.74 0.62 0.62

Social Index Score (ISs -0.02 0.34 0.09
Ecl 0.045 1.66 3.48 2.57 4.25 2.35
Ec2 0.045 2.76 2.30 2.53 1.12 0.21
Ec3 0.045 -0.01 -0.64 -0.33 1.54 1.70
Ec4 0.045 4.86 4.44 4.65 5.11 2.56
Ec5 0.045 0.03 1.83 0.93 -0.60 -0.62
Ec6 0.045 [-0.01 -0.64 -0.33 1.54 1.70
Economic Index Score (ISec) 0.45 0.58 0.36
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Figure 35. Index Scores (IS) of the alternatives according to the equal weighting
method

Table 30. Index scores ote alternatives based on the equal weighting method

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (IS¢ -0.69 -1.05 -1.34
Social Index Score (ISs) 0.02 -0.34 -0.09
Economic Index Score (ISec) 0.45 0.58 0.36

As it can be seen iRigure 35, all the alternatives have higher scores than 0 in the
economic pillar and considerably lower scores in the environmental pillar. Among
these alternatives, Alternative 1 has the closest score to 0 é@mtirenmental pillar
compared to the other two alternatives. For the social pillar, Alternative 1 has a
slightly higher score and Alternative 3 has a score that is negative but very close to 0.

In fact, this figure allows only the pillavased sustainaliyi comparison of the
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alternatives. For the cumulative comparison, the Sustainability Index Score (SIS) of

the alternatives should be calculated.

After the calculation of all the three index scores, the final sustainability score of
each alternative is obdined based on the equal weighting method. The weights of
each sustainabiitpillar arecalculated as (Eq.12);

—=0.333 (12)

The Sustainability Index Scores (SIS) of the alternatives are calculated with the
equation given beloEq.13);

SIS= [¢ ISe x 0.333) +{ISs x 0.333) + (ISec x 0.333)] (13)

The minus signs are given before the 1Se and ISs because these two indices have
negative impacts on the cumulative sustainability score, as it is discussed/Aabave
result, two index scores that negatively affect the total score (environmental and
social indices) and an index score that positively affects the total score (economic
index) are summed with equal weights in the final cumulative sustainability store
each alternative. The obtained final score of each alternative is used to compare the
relative sustainability of each alternative among the others systematically. The results

of the SIS calculation are givenTable31.

Table 31. The sustainability index score of the alternatives based on the equal
weighting method

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (ISe) -0.69 -1.05 -1.34
Social Index Score (ISs) 0.02 -0.34 -0.09
Economic Index Score (ISec) 0.45 0.58 0.36
Weight of each pillar in SIS 0.333

Sustainability Index Score (SIS) -0.07 -0.27 -0.36
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As it can be seen ihable31, the obtained sustainability rdts for Alternative 1 (the
no-action alternative), Alternative 2 and Alternative 3 a@e07, -0.27 and-0.36
respectively. This means that based on the selected indicators and the equal
weighting method used, the most sustainable alternative amonggessed three
alternatives is Alternative 1, which is the-action alternative, with a SIS score-of

0.07.

b. Evaluation of the Plan Alternativesunder Case 1,by using the Analyticd-
Hierarchy Process (AHP)Method

The second method used to determireetieights of the indicators under each pillar

as well as the weights of the pillars while calculating the SIS is AHP. The hierarchy
system of the AHP process for selecting the sustainable mining plan alternative in
AECB is given inFigure36.

As it is given in the figure, each determined alternative is evaluated with the
indicators, which have different importance weights. Additionally, the importance of
each sustainability pillar is also considered while obtaiairsyistainability score for

each alternative.

At each criteria level ifFigure 36, the contribution of each parameter, indicator or
pillar is determined based on the pairwise comparison by the practitioner(s). The
contribution is determined based on the judgments of the decisasmers and
practitioners. However, expert or stakeholder consultation is used to avoid obtaining
subjective contribution weights. For more detail about such an approach, the study

by Erzuruntu and Erzurumlu (2014) can be seen.

For this study, the relative importance of the indicators are determined according to

the indicator selection score matrix scores, which are given in Appendix G. The

reason for this approach is minimizing the subyeétstiand maximizing the reflection

of local stakeholders and decisioma k i n g authoritieso prioriti

comparison. For these, only the scope and reliance criteria scores are considered.
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Figure 36. Decision hierarchpf selecting the sustainable mining plan alternative in
AECB based on AHP
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For the environmental indicators, the indaaselection scores are givenliable32.

As indicators, E3 and E8 have the same valuesliftieaalternatives and so these do

not affect the sustainability scores of @lgernatives; these are not used for further
analysis. For this reason, these are not also considered for the pairwise comparison
and further analysis.

Table 32. Environmenal indicator selection scores and pairwise comparison
importance levels

Scope Importance
Indicator ID A B Relevance Score order

El 3 1 3 7 3
E2 3 2 3 8 2
E3 3 1 3 7

E4 3 3 3 9 1
E5 3 3 3 9 1
E6 3 3 3 9 1
E7 3 3 3 9 1
E8 3 1 3 7

E9 3 3 3 9 1
E10 3 3 3 9 1
E1ll 3 2 3 8 2
E12 3 1 3 7 3

As it is seerTable32, the highest importance is given to the indicators E4, E5, EB6,
E7, E9, and E10. The second important indicator grouplves the indicators E2

and E11. Finally, E1 and E12 are considered to be the least important indicators
compared to the others. For the comparison, the scales and criteria used are given in
Table33. The origindtable is given by Saaty (2008), which is in Table 4.1.2.

Based on the given scales Table 33, the comparison matrix for each indicator
group under three pillars is developed. The comparison matrix of theoeméntal
indicators is given irmable 34. While this matrix is developed, the scales are given

according to the importance order determined above. As the indicators E4, E5, E6,
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E7, E9 and E10 are more importantrtha ot her s, these are sco
i mportantd® compared to E2 and E11, and 6
The main reason to avoid using scales of 7 and 9 is that the total indicator selection
scores of all these indicators are very claseach other as it can be seemable

32

Also the AHP weights are calculated with an open source Microsoft fbaseld

AHP calculation template tool that is downloaded online (SCB, 2015). As a rule of
thumb d the AHP, the consistency ratio (CR) of the matrix must be equal to or
smaller than 0.1. Therefore, the given scores and obtained weights are determined by

considering the CR during the pairwise comparison.

Table 33. Pairwise corparison scales

Definition Scale of importance
Extremely less important 1/9

1/8
Very strongly less important 1/7

1/6
Strongly less important 1/5

1/4
Moderately less important 1/3

1/2

Equal importance
Moderately important
Strongly more important

Very strongly important

O 0O ~NO OB WN P

Extremely more important
Source: Saaty, 2008
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Table 34. Pairwise comparison matrix of the environmental indicators

:Bdicato' El E2 E4 E5 E6 E7 E9 E10 E11E12 WAe'?gPht CR
£1 L U3 15 15 U5 15 15 15 13 1 40,7 oo1
Eo g 1 13 13 13 13 U3 13 1 3 (g
£ e 3 1 1 1 1 1 1 3 5 .4
- e 3 1 1 1 1 1 1 3 5 .4
E6 e 3 1 1 1 1 1 1 3 5 .4
- e 3 1 1 1 1 1 1 3 3 44
Eo e 3 1 1 1 1 1 1 3 5 .4
E10 s ¢ 1 1 1 1 1 1 3 5 g4
£11 s 1 13 13 13 U3 U3 13 1 3 (g
E12 1 13 15 1/5 1/5 13 1/5 1/5 1/3 1 0.030

In order to determine the importance level of the social indicators, the same approach
is adopted. In fact, only two importandevels are determined for the social
indicators. The importance legebdf the indicators are given irable 35. According

to the obtained results, indicators with IDs S1, S2 and S5 are moderately more
important tha S3, S4 and S6. The comparison matfisocial indicators is given in
Table36.

As the third indicator set, the importance level of economic indicators is determined
based on the selection scores, as it is gimefable 37. Based on this, the most

important economic indicators are determined as Ec2, Ec3, Ec5 and Ec6. Ec4 is
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obtained in the second importance order and lastly Ecl is determined as the least

important indicabr in this group.

Table 35. Social indicator selection scores and pairwise corsparmportance

levels
Scope Importance
Indicator ID A P B Relevance Score F())rder

S1 2 3 3 8 1
S2 2 3 3 8

S3 2 2 3 7 2
S4 2 3 2 7 2
S5 2 3 3 8 1
S6 2 2 3 7 2

Table 36. Pairwise comparison matrix of the environmental indicators

SI S2 S3 S4 S5 S6  AHP weight CR
S1 1 1 3 3 1 3 0.250 0.00
S2. 1 1 3 3 1 3 0.250
s3

3 13 1 1 13 1 0.083
S4 T3 w3 1 1 13 1 0.083
S5 1 g 1 3 3 1 3 0.250
6 43 w3 1 1 13 1 0.083

Considering the scores of economic indicators, it is seen that the scores are close to
each other. Therefore, the same approach is used in the environmental indicator
scaling for the importance of thezonomic indicators ifable 38. Regarding this,
indicators Ec2, Ec3, Ec5 and Ec6 are scaled as moderately more important than Ec4
and stongly more important than Ecl ifiable 38. The CR for the economic

indicators weight is 0.00.
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Table 37. Economic indicator selection scores and pairwise comparison importance

levels
Scope Importance
Indicator ID A P B Relevance Score I?)rder
Ecl 3 0 3 6 3
Ec2 2 3 3 8 1
Ec3 2 3 3 8 1
Ec4 3 1 3 7 2
Ec5 2 3 3 8 1
Ec6 2 3 3 8 1

Table 38. Pairwise comparison matrix of the environmental indicators

Ecl Ec2 Ec3 Ec4 Ec5 Ec6 AHP weight CR
Bel © 9 uys 15 w3 15 1s 0.043 0.00
Be2 "5 9 1 3 1 1 0.220
B3 "5 7 1 3 1 1 0.220
Bed "3 13 w3 1 13 13 0.076
ESS 5 1 1 3 1 1 0.220
Ec6 5 1 1 3 1 1 0.220

After determining the AHP weights of each indicator, the index scores are calculated

for each alternative. As the aim of determining thePAWeight of each indicator is

to allow the contribution of each indicator to the total index score based on its

relative importance determined by the stakeholders, deaisakers or experts, the

obtained index score indicates a higher relevance compatedEQW method.

For this study, the obtained AHP weights of each indicator and also the calculated

scores of environmental, social and economic indices are givEabie 39. As it is

discussed previously in thisection, the environmental and social indices indicate a
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negative impact. Therefore, smaller scores for these two indices are better in terms of

sustainability.

Table 39. Sustainability pillars' index scores of the alternativased on AHP

method
Indicator Weight Al Al avergge A2 A3
D (AHP | Sector Sector (No-action (Sector D) (Sector E)
method) A B  Alternative)
El 0.027 = 0.01 0.43 0.22 -0.23 2.31
E2 0.049 @ 2.75 1.55 2.15 3.64 4.19
E4 0.141 = 3.63 1.50 2.57 3.55 409
E5 0.141 = 3.47 0.97 2.22 2.54 1.29
E6 0.141 @ -0.35 -0.76 -0.56 1.28 1.55
E7 0.140 & -0.64 -0.70 -0.67 0.57 1.74
E9 0.141 = 433 1.52 2.93 2.86 3.10
E10 0.141 = 3.63 1.50 2.57 3.55 4.09
E1ll 0.049 | 5.18 2.67 3.93 4.63 4.99
E12 0.030 | -0.43 -0.07 -0.25 0.79 2.17
Environmental Index Score (IS¢ 1.57 2.45 2.81
S1 0.250 | -1.00 -1.00 -1.00 1.31 -1.00
S2 0.250 | -1.00 -1.00 -1.00 1.31 -1.00
S3 0.083 | -1.00 0.41 -0.30 1.83 0.41
S4 0.083 | -1.00 0.11 -0.45 0.66 1.77
S5 0.250 | -0.21 -0.71 -0.46 1.76 1.16
S6 0.083 2.67 0.55 0.55
Social Index Score (ISs) -0.45 1.35 0.02
Ecl 0.043 | 1.66 3.48 2.57 4.25 2.35
Ec2 0.220 | 2.76 2.30 2.53 1.12 0.21
Ec3 0.220 | -0.01 -0.64 -0.33 1.54 1.70
Ec4 0.076 | 486 4.44 4.65 5.11 2.56
Ec5 0.220 = 0.03 1.83 0.93 -0.60 -0.62
Ec6 0.220 | -0.01 -0.64 -0.33 1.54 1.70
Economic Index Score (ISec) 1.08 1.36 0.95

Furthermore, it should be considered that even if the index score is a positive

number, it will be multiplied by -0) while cumulative sustainability score is
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calculated. Consequéynt a positive environmental index score (ISe) and social
index score (ISs) should be considered as a negative score and the negative score
should be considered as positive.

Contrary to this, the economic index score indicates a positive impact of the
alternative in terms of sustainability. Therefore, the bigger the economic index score
is, the higher cumulative sustainability score is obtained. Regarding these
explanations, on the individual pillar cases, different soatality results are
obtained.For instance, 1Se values of Alternative 1, Alternative 2 and Alternative 3
are 1.57, 2.45 and 2.81, respectively.

Therefore, as Alternative 1 has a smaller 1Se value, it is a relatively sustainable plan
alternative among the others in terms of environmesuatainability, because, as it

is explained above, the ISe values of each alternative should be multiplietl).by (

As a result, the index scores of these three alternatives bedobre-2.45 and-

2.81, respectively. Hence, as all of them have negatiiees, a value closer to O is
better. The same case is also true for the social index score (ISs).

As the smallest ISs score is obtained for Alternative 1, thebdSed sustainable
alternative is also Alternative 1. Alternative 1 has 1S90045. The IS values of the

other two alternatives are 1.35 and 0.02. As the index indicates a negative impact,
these scores are multiplied byl and so the obtained ISs are 0.4535 and-0.02

for Alternative 1, 2 and 3, respectively. As Alternative 1 has thieglsigscore among
three alternatives, it is accepted as the sustainable alternative in terms of social

sustainability priorities.

Regarding the economic index score (ISec), a higher score indicates a sustainable
choice as its results positively affect thestainability. In this respect, the highest
value means the highest sustainability in terms of economic sustainability of the

alternatives.

Among the three alternatives, Alternative 2 has the highest score, which is 1.36.
Compared to this score, Alterinag 1 with an ISec of 1.08 and Alternative 3 with an
ISec of 0.95 are less sustainable than Alternative 2. Based on these, the finalized

index scores of the three pillars are giveit able40.
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Table 40. Index scores of the alternatives based on the AHP method

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (IS¢ -1.57 -2.45 -2.81
Social Index Score (ISs) 0.45 -1.35 -0.02
Economic Index Score (ISec) 1.08 1.36 0.95

The index scores are visualizedkigure 37. The figure mainly shows the score of
each alternative for three pillars. The green line indicates the minimum sustainability
level as a threshold. The threshold, showthwie green line, is determined as 0O for
this case study. The index scores of the alternatives are also shown with three
different colors. In this way, it can be compared which alternative has a score equal

to or higher than O for the environmental, sbaiad economic pillars.

Environmental

-

1.5

1

Economic Social

Sustainability Score= 0 Alternative 2

—— Alternative 1 — Alternative 3

Figure 37. Index Scores (IS) of the alternatives based on AHP method
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Even though it is possible to discuss the sustainability of the alternatives under
environmental, social and economic sustainabilitiags separately, it is aimed to
obtain a single sustainability value for each of the alternatives. Such a single value
indicates a cumulative score that can be used to compare the alternatives at the same
scale.

For this purpose, the AHP weights of thrpillars are also determined under this
study. As different relative importance can be determined among these pillars based
on the understanding and priorities of different stakeholders, several AHP weights
are calculated. These are discussed under tpertimey step of the proposed

framework.

5.2.9. Reporting (Step 9)

The reporting step of the developed framework does not involve any specific outline.
Any available reporting format from the literature or the standard reporting format of

the authoritywho performed the analysis can be used. For this reason, the reporting
section under this study is used to apply the sensitivity analysis to the outcomes of
the assessment results of the case study. For this purpose, the obtained assessment

results are dis@sed in a greater detail under three main parts, which are;

1 Equal weighting metho(EQW) resultsfor Case 1
1 Analyticathierarch processethod(AHP) resultsfor Case 1

1 Energy priority focused further analysis resatsCase 2

5.2.9.1. Sustainabilityindex Scorebased onEQW M ethod for Case 1

A total of 22 indicators are used to evaluate the environmental, social and economic
impacts of three alternatives and based on this evaluation, these alternative are
scored. A&EQW s practiced, the contribution afl 22 indicators to the total score is

the same. This means that none of the indicators used are counted more important
than the others. The same approach is applied for the pillars of the sustainability,
which are environmental, social and economic gEllaThese three pillars are
considered as equally important, so their contribution to the total sustainability score

of the alternatives is the same.
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The results oEQW method, given in Section 5.2.8 (Step 8), indicate that Alternative

1, which is the neaction alternative, is a more sustainable option among the three
alternative mining plans in AECB. However, it should be also considered that the
final score of Alternative 1 is less than 0. This means that based on the sustainability
criteria, which is déned by the local stakeholders, and the selected indicators, all the
evaluated alternatives are not sustainable. This is because the negative impacts are
higher than positive outcomes of the alternatives. Therefore, it can be concluded that
Alternative 1lis comparatively sustainable among the three alternatives because like
the others, its negative impacts are still higher than its positive outcomes in total.

All the given values imable31 in Section 5.2.8 arels shown with a bar chart in
Figure 38. In this figure, the relative sustainability of Alternative 1 is shown in a
clearer manner. The score line of O indicates the sustainability threshold, where the
negative impcts are equal to the positive ones. As the SIS of Alternative 1 is much
close to the threshold line of 0 compared to the other two alternatives, it is concluded
that the neaction is the best choice

If the scores of each sustainability pillar are edeed in Figure 38, the

environmental impacts of three alternatives are significantly high. Especially
Alternative 3, which is the mining operation in Sector E, has the highest negative
impact among three altermats. The main reason for this is that Sector E uses a

large area with a considerably low recovery amount.

Regarding the social pillar, the main alternative that affects negatively is Alternative
2, which is the mining operation in Sector D. The mainaeasr this is that the
alternative causes the resettlement of a relatively high populated settlement in the
region. Contrary to Alternative 2 and 3, Alternative 1 has a positive social effect in

the region because it demands less land than the othelténmatves.

Lastly, as it is shown ifrigure 38, the economic pillar scores of the alternatives are
positive. Alternative 2 obtains the highest score in terms of economic impacts of the
mining plans in AECB. Thenain reason of this is that Alternative 2 has a higher
recovery of the natural resource and so a high potential of total lignite production

compared to the other alternatives.
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Figure 38. Sustainability scores based BQW method

5.2.9.2. Sustainabilityindex Score based orthe AHP Methodfor Case 1
The second applied method for weighting the indicators and also pillars while
calculating the sustainability scores of the alternatives in Section 5.2.8 is the
analyticathierardyy process (AHP). As it is mentioned in Section 5.2.8, the AHP
method works based on the relative importance of several criteria within an

assessment to achieve the defined AHP objective.

Therefore, different results may be obtained by defining differepbrtance for the
criteria. These relative importance comparisons can be carried out through several
approaches, such as stakeholder consultation or expert consultateira(S2010;
Erzurumlu and Erzurumlu, 2014). For this study, a similar approaclalso

conducted in a modified way due to time and financial limitations.

The framework involves an indicator selection approach. This involves the use of a
scoring matrix, given in Appendix G. The matrix has several scoring criteria; scope
and relevancare two of them. These two criteria are mainly used for evaluating the

compatibility of the suggested indicator
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sustainability principles. Therefore, these two criteria mainly show the given
importance of the evalted indicator by the stakeholders while conducting the
sustainability assessment. In this respect, these results also show that some of the
indicators are considered more important than others by the stakeholders. Based on
this scoring, the indicators us@udthe analysis are grouped from the highest to the
lowest scores. In fact, only the scope and relevance scores are considered in this
stage. All these are shown in tables in Section 5.2.8.

As the pairwise comparison of indicators under the environhesteial and
economic pillars are completed, the score of each pillars for the alternatives are
obtained. However, it is also necessary to determine the relative importance of the
three pillars for calculating the cumulative sustainability scores ofitiatives. At

this stage, the best option may be using

Nevertheless, several different priorities are decided to use while obtaining the final
score for this study in order to see how the Sustainability Index Scd&sofShree

alternatives change depending on the priority and also to discuss the impact of the
different priorities on SIS. For this, the pairwise comparison matrixes are developed

and the obtained AHP scores of different priorities are showalie41.

As it is seen inTable 41, six different sustainability index scores (SIS) for three
alternatives are obtained based on different importance levels among thaee pill
There are two SISs with environmental priority, one SIS with social priority, two
SISs with economic priority and also a SIS to which equal importance is given is
obtained. While these are calculated through the Eba&s¢d open source AHP
calculationtemplate tool (SCB, 2015), CR is controlled and all of the weights are

calculated for CRs lower than 0.1.

In order to avoid any misunderstanding during the discussions, environmental and
social pillar scores are multiplied byl] while the calculationsra conducted.

Therefore, the entire S$ Table41 are the final results for three alternatives.
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Table 41. AHP weight calculations and sustainability index score (SIS) for differeotitpes

11"

Environmental Social Economic Weight SIS
(AHP method) CR* Alternative 1 Alternative 2 Alternative 3
Environmental 1 3 5 0.650
Social 1/3 1 3 0.234 0.04 -0.790 -1.747 -1.721
Economic 1/5 1/3 1 0.116
Environmental 1 3 9 0.691
Social 1/3 1 5 0.240 0.04 -0.903 -1.919 -1.881
Economic 1/9 1/5 1 0.069
Environmental 1 1/3 1 0.200
Social 3 1 3 0.600 0 0.175 -1.025 -0.382
Economic 1 1/3 1 0.200
Environmental 1 1 1/5 0.146
Social 1 1 1/3 0.2 0.03 0.568 0.257 0.206
Economic 5 3 1 0.651
Environmental 1 1 1/9 0.091
Social 1 1 1/9 0.091 0 0.784 0.770 0.522
Economic 9 9 1 0.818
Environmental 1 1 1 0.333
Social 1 1 1 0.333 0 -0.012 -0.809 -0.625
Economic 1 1 1 0.333

*Consistency ratio (CR must be O 0.1




The calculated weights of the environmental, social, and economic pillars and the
SIS of three alternatives fable41 are rearranged for specifically three pillars from
the lowest scales toerhighest. The first of these is the environmental pillar weights
and the SIS scores of the alternatives, which is givaale42.

The lowest environmental pillar weight Trable 42 indicates that the SIS scores of

the alternatives include the lowest environmental impact value. As the environmental
impacts of the alternatives are negative and high in the equal weighting case (see
Figure38), it should be expected that the lower the environmental weight in SIS s,
the higher the sustainability result of the alternatives becomes. And the opposite of
this is also expected as higher environmental importance in the evaluation of the
alkernatives causes a low SIS of the alternatives.

Table 42. SIS of alternatives for different environmental pillar weights

Environmental Pillar SIS Score of SIS Score of SIS Scoe of
Weight in SIS Score  Alternative 1 Alternative 2 Alternative 3

0.091 0.784 0.770 0.522

0.146 0.568 0.257 0.206

0.2 0.175 -1.025 -0.382

0.333 -0.012 -0.809 -0.625

0.65 -0.790 -1.747 -1.721

0.691 -0.903 -1.919 -1.881

In order to see the change, the graph of environmental pillar weight \@ISuis
developed and given irigure39. As it is mentioned above, it is clearly seen that the
SIS of the alternative decreases while the environmental weight of the alternative in
SIS increases, because the trénds of three alternatives, shown with a dash line in
Figure 39, shows this situation is true for all alternatives. In fact, the drop in 0.2

weight value for Alternative 2 is more significant than the other tvesratives.

As theFigure 39 is investigated closely, it is also concluded that Alternative 2 and
Alternative 3 are less sustainable than Alternative 1 in terms of environmental pillar,
because these two alternats intersect 0 sustainable value at 1.60 and 1.70 weight

values respectively. However, Alternative 1 is sustainable up to 0.33 environmental
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weight in the SIS based on the determined pairwise importance of the indicators in
Table34.

1.000
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Environmental Pillar Weight
—=e— SIS Score of Alternative 1 SIS Score of Alternative 2
—eo— SIS Score of Alternative3 ~ eeeeee Linear (SIS Score of Alternative 1)
Linear (SIS Score of Alternative 2)  ssee-s Linear (SIS Score of Alternative 3)

Figure 39. Sustainability index score (SIS) veivironmentabillar weight

A similar discussion is also made for the social pillar. Firstly, the SIS values of three
alternatives are calculated for diffetesocial weights with the AHP. These are also
sorted from the lowest weight value to the higheskable 43. For the social pillar,

half of the weights are obtained between 0.2 and 0.25 in order to keep thai&lR eq
to or smaller than 0.1Figure 40 is prepared with the obtained SIS values for

different weights for further discussion.

Regarding the trend lines Figure 40, the hcrease in social weight in SIS causes a
decrease in the SIS result. This is more significant for Alternative 2 than Alternative
3 and Alternative 1 because the application of the alternative causes resettlement of a

village with a population of 1368 ing¢hbasin. Additionally, the drop from positive to
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negative SIS is more significant in the social pillar than the environment pillar,

especially for Alternative 2 and 3.

Table 43. SIS of alternatives for different social pillar wkitg
Social Pillar Weight SIS Score of SIS Score of SIS Score of

in SIS Score Alternative 1 Alternative 2 Alternative 3
0.091 0.784 0.770 0.522
0.203 0.568 0.257 0.206
0.234 -0.790 -1.747 -1.721
0.24 -0.903 -1.919 -1.881
0.333 -0.012 -0.809 -0.625
0.6 0.175 -1.025 -0.382
1.000
o 0.500
=
=
£ 0.000
2
ﬂ -0.500
=
S -1.000
2
7!
-1.500
-2.000
Social Pillar Weight
—8— SIS Score of Alternative 1 SIS Score of Altemative 2
—&— SIS Score of Alternative3 ~ eeeeee Linear (SIS Score of Alternative 1)
Linear (SIS Score of Alternative 2) eeese- Linear (SIS Score of Alternative 3)

Figure 40. Sustainaility index score (SIS) vs.ogial pillar weight

All the alternatives has positive SISs up to 0.21 weight value and the SIS values drop
dramatically for higher social pillar weight§ more than 0.21. The equal weight of

0.33 for three pillars in the SIS is important for further discussion because the SIS
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values increase also significantly for all the alternatives up to 0.33. Even Alternative
1 passes the threshold value of O at thieight and the SIS of the alternative
continues to increase afterwards. The SIS of Alternative 3 also increases significantly
for the social pillar weights higher than 0.24 and smaller than 0.33. Also it has a
slight increase towards the threshold valu® &r weights higher than 0.33.

In fact, different weights are calculated in order to see if and where the SIS line of
Alternative 3 will intersect with the threshold value. The highest possible score for a
criterion within a threeriterion AHP matrix vith a CR value, equal to and smaller
than 0.1, is 0.818. This value is used for calculating the SIS of three alternatives but
it is seen that the SIS line does not intersect with the threshold value at O even for the

highest possible social pillar weiglarfAlternative 3.

Lastly, the same discussions are preceded for economic weight effect in SIS values
of the alternatives. The calculated SIS for different economic pillar weights are given
in Table44. Also thesevalues are shown in a chartRigure4l. As it is shown in the
figure, three alternatives have increasing SIS values with increasing economic pillar

weights starting from 0.069.

Among the three alternatives, Alnative 1 is the first one to intersect with the
sustainability threshold value at the economic pillar weight of 0.185. The SIS lines of
Alternative 2 and Alternative 3 intersect with the sustainability threshold value of 0

at 0.575 as it is shown Figure41.

Table 44. SIS of alternatives for different economic pillar weights

Economic Pillar SIS Score of SIS Score of SIS Score of
Weight in SIS Score  Alternative 1 Alternative 2 Alternative 3

0.069 -0.903 -1.919 -1.881

0.116 -0.790 -1.747 -1.721

0.2 0.175 -1.025 -0.382

0.333 -0.012 -0.809 -0.625

0.651 0.568 0.257 0.206

0.818 0.784 0.770 0.522
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Figure 41. Sustainability index score (SIS) vs. economiapweight

In order to obtain a final result that is based on the AHP method, the importance
levels of the environmental, social and economic pillars are determined based on the
results of the appl i edetalf20M)e Ve lock wiohe b a s
participated in the survey believe that the most important problems in the basin are

air pollution from thermal power plants (37.6%), unemployment (25.4%)edser

of water amount (8.2%)ack of infrastructure (8.2%), water pollution (4.7%) and

financial difficulties- high cost of living in the basin (2.8%).

As the main purpose of the lignite mining in the basin is to generate electricity at two
thermal power plants, the air pollution should also be considered for determining the
pil | ar s As awesultgdi this, the priority of the locals in the basin is
environmental, because 50.5% of the participants believe that the main problems in

the basin are air pollution, water pollution and a decrease in water amount.

Secondly, unemployment is cadered as a significant problem the basin by
25.4% of the participants and financial difficulties of the locals is also seen as an
economic problem by 2.8% of the participants. Therefore, the importance of the

economic pillar for the AHP weight calcuilan is considered as 28.2%. Lastly, 8.2%
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of the participants say the lack of infrastructure is an important issue for them with
other social issues, such as transportation difficulties and problems (1.3%). Hence,
the weight of the social pillar is deterrashas 21.3% in the final calculation here.

Considering the priority obtained from stakeholder consultation through applied
guestionnaires IRECBand al so the focus group meetings
Elbistan Districts, weights for the environmental, social and economic pillars used

for the AHP method are determined as it is givemable45 and thesera 0.50, 0.21

and 0.29 respectivelyBased on the determined AHP weightsTiable 45, the

calculated SIS of three alternatives, showfigure42, are-0.38for Alternative 1,-

1.11for Alternative 2, and1.13for Alternative 3.

Table 45. AHP weights based oAECB local stakeholder survey

. . . Weight CR
Environmental Social Economic (AHP)
Environmental 1 2 2 0.50 0.05
Social 1/2 1 1/2 0.21
Economc 1/2 2 1 0.29

SIS -1.11
113
Economic
Social
Environmental = -1.22 T
1.41
-1.50 -1.00 -0.50 0.00 0.50 1.00

Score

m Alternative 1 OAlternative 2 ® Alternative 3

Figure 42. Sustainability scorelsased oAHP method
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5.2.9.3 Implementation of the Framework for the Energy Priority
FocusedCase

The framework is implemented once more to evaluate the mis@agor plan
alterratives in AECB with a specific focus of the objective of security of energy
supply. For this application, the indicators are selected based on the following
strategic objectives and scopes that are obtained from the electricity sector report by
E! AKE} Ak, ).2015a

The objectives of the energy poliaye given as;

91 Considering the environmental sensitivity in the activities of theggnand
natural resources sector;

f Il'ncreasing the contribution of domes
ecaomy.

The strategic targés given as;

1 Using the proven lignite and hard coal reserves in electricity generation
The selection of the indicatoin terms of the new objective and scope criteria are
given in Appendix K The final ses of indicators are lotained for environmental,
social and economigillars and these are given ifalde 46, Table47, andTable48

respectively.

Table 46. Final environmental indicator set f@ase 2

ID Indicator Unit
Percentage of each resource left relative to the total amc
the permitted reserves of that resource*

Total area of permitted development (minesd all othe
facilities)

Total land area newly opened for extraction activ
(including area for overburden storage and tailings)
Percentage of newly opened land area relative to
permitted development

*The original indicator iseeded to be transformed to negative impact as all «
selected indicators in the set indicate negative impact conditions (the ol
version is given in Chapter 3 aAgpendix K. This way the obtained index sco
will indicate that smider score igmore sustainable

El %

E2 ha
E3 ha

E4 %
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The selected indicators, givenTiade 46, Table47, andTable48 areanalyzed with

two weighting methods. Thérst method is the equal weighting method, which
considers the importance of the indicators as well as the pillar equally while
calculating the sustainability scores of each alternative.

Table 47. Final social indicator set fatase 2

ID Indicator Unit
S1 Total new land acquisition* ha
S2 Percentage of local population thinking/observing the m
sector as a potential source of conflicts at the local le
terms of environmental issues, including land, umad lan
acquigtion**
* As the strategic action strongly stresses the use of all the proven lignite res
for electricity generation and as the energy policy highlights increasing the n
resourcesod contribution t o c oootribatesio
the achievement of these two. Therefore, this indicator is accepted as positiv
**Hence the indicator indicates a negative impact. For the sake of the social
the indicator needs to indicate positive outcome in order to obtain a divat
positive result from the economic index. Therefore, the indicator value wi
standrdized as a dominator of 1.

%

The second weighting method is the analytltiararchy process (AHP). As it is
discussed in Section 5.2.8 that the weights and therspof the indicators are
determined based on the relative importance compression of the indaradquillar

pairs.

In order to develop the index, before the weighting, transformation must be applied
to the selected indicators. Also the values ofgblected indicators are standardized
before the weighting. The standardization process is given in Appendix L. As it is
also conducted in Section 5.2.8, the standardization is applied for each selected

indicator.
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Table 48. Finaleconomic indicator set faZase 2

ID Indicator Unit

Ecl Production amount of sellable products tonnes

Ec2 Produced goods or services per land input %

Ec3 Recovery of reserve (ratio of altetha ve 6s t ontr %
tonne)

The number of familieqindividuals) needing to chang
Eca somehow their traditional source of income, i.e. fores Nbr

fishery, farming etc. due to land acquisition and/or min

operations. *
* The vocational qualifications of the locals need to be improved for shifting
saurce of income from traditional economic activities to employment in
industry and in the service sector. In addition to this, resettlement etc. is nec
Hence the indicator indicates a negative economic impact. For the sake
economic indexthe indicator needs to indicate positive outcome in order to o
a cumulative positive result from the economic index. Therefore, the indi

value will be standalized as a dominator of 1.

a. Sustainability Index Scorefor Case 2based on theeQW Method

The weights of each indicator under the environmental, social and economic pillars

are calculated based on the equation given below (Eq.14);

— ™ (14)

The standardized values of each indicator foheaternative are multiplied by the
weight of 0.111 and all these are summed in order to obtain the index score of each
pillar. The results are given ifable49. The first four indicators are environmental
indicators and the values of the environmental indicators indicate negative impact
results. Therefore, the Environmental Index Score (ISe) obtained is multiplied by (

1), when the sustainability score is calculated later.

The social index includes two indicatots fact, as it is mentioned in Chapter 4, in
order to obtain an index, there must be at least two indicators, but at the first scoring
only S1 is selected. However, due to a rule of thumb, the slightly related indicator

(S2) is also used for further apsis. As the social index results are positive, the
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obtained Social Index Score (ISs) is used as it is obtained while calculating the

sustainability score of the alternatives.

Table 49. Index scores (IS) fo€ase Dased orthe EQW method

Al
_ Al average
Indicator ID V(VEe gvr\]/t SectorSector (No-action (Se?tir D) (Se?t?)r E)
A B Alternative)
method

El 0.1 0.01 0.43 0.22 -0.23 2.31
E2 0.1 3.47 0.97 2.22 2.54 1.29
E3 0.1 -0.35 -0.76 -0.56 1.28 1.55
E4 0.1 -0.64 -0.7 -0.67 0.57 1.74
Environmental Index Score (I1Se) 0.12 0.42 0.69
S1 0.1 -0.21 -0.71 -0.46 1.76 1.16
S2 0.1 0.62 2.74 2.74
Social Index Score (ISs) 0.02 0.45 0.39
Ecl 0.1 1.66 3.48 2.57 4.25 2.35
Ec2 0.1 276 2.3 2.53 1.12 0.21
Ec3 0.1 486 4.44 4.65 5.11 2.56
Ec4 0.1 0.03 1.83 0.93 -0.6 -0.62
Economic Index Score (ISec) 1.07 0.99 0.45

The third pillar is the economic pillar, wmteefour indicators are given ihable 48
andstandardized valuas them are also multiplied by the weights of each indicator.
The economic index score has a positive impact on sustainability as it is given in
Appendix L Moreover, as the naction alternative (Alternative 1) involves two
separate mining operations, twgthmetic average of the standardized values of these
two operations is used as the standardized value of the indicators for Alternative 1.

The obtained environmental, social and economic index scores are gilaied9.

The calculated index scores of each pillar are shown with grey rovabie50. The
environmental pillar scores, named as the environmental index score (ISe), of
Alternative 1, Alternative 2 and Alteative 3 are 0.12, 0.42 and 0.69 respectively.

The social pillar scores, ISs, of three alternatives are 0.02, 0.45 and 0.39 respectively.
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Lastly, the economic pillar scores, ISec, of Alternative 1, Alternative 2 and
Alternative 3 are calculated as 1.07,D&hd 0.45 respectively.

Table 50. EQW method based index scor€ase2

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (IS¢ 0.12 0.42 0.69
Social Index Score (ISs) 0.02 0.45 0.39
Economic Index Score (I8¢ 1.07 0.99 0.45

As the social and economic pillars positively contribute to sustainability scoring, the
higher the scores of these two pillars are, the higher the sustainability level of the
alternative is. However, the environmental index score ibesca negative impact.
Hence, a high index score indicates poor sustainability of the alternative. In fact, the
calculated results for all the pillars are given as they are obtained from the
calculation inTable 50 and multiplication of the environmental scores bY) (is

practiced in the calculation of total sustainability scoreBabnle51.

Table 51. Sustainability index score f@@ase 2ased a the EQW method

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (ISe) -0.12 -0.42 -0.69
Social Index Score (ISs) 0.02 0.45 0.39
Economic Index Score (ISec) 1.07 0.99 0.45
Weight of each pillar in SIS 0.333

Sustainability Index Score (SIS) 0.32 0.34 0.05

As it is mentioned above, ISe has a negative effect on sustainability. Therefore, a
higher ISe means a higher negative impact, so this indicates a poor sustainability
situation. This must also be considered while calculatihg tumulative

sustainability scores (SIS) of the alternatives. In order to consider this, the ISe should
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be multiplied by {1) while calculating the SIS. The obtained index scores are also
shown inFigure43.

Environm ental

1.5

Economic Social
Sustainability Score= 0 Alternative 2
= Alternative 1 o A lter native 3

Figure 43. Index scores (IS) fo€ase Zased onthe EQW method

The green line inFigure 43 indicates the minimum sustainability level at O.
Therefore, any negative value in the environraknsocial and economic indices
indicates a nosustainable situation of the alternativim this respect, three
alternatives are nesustainable in terms of environmental pillar as the values are
lower than 0. Contrary to this, all the alternatives havsitive values irthe social

and economic pillars. Thimeans that in terms of economic and social indices, the

alternatives create benefits.

However, one cannot say which alternative is more sustainable than the others based
on the defined scope and satl indicators. Therefore, the final sustainability scores

of these alternatives need to be calculated. In order to do this, the equal weighting
method is also applied to determine the weights of pillars. As there are three pillars,

the weights are calcatled with the equation below (Eqg.15);
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- T®OoO0 (15)

The obtained sustainability results of three alternatives are givehale 51.
According to these results, the Alternative 2aned a higher score than the other
two. This means that the decisiaraking authority should choose to apply
Alternative 2. Also the results of the SIS as well as the scores of three pillars are
compared inFigure 44. As it is given inFigure 44, even if the environmental
sustainability is relatively higher in Alternative 1 than the other two, the overall

sustainability score of Alternative 2 is higher than Alternatived Alternative 3.

SIS
) 1.07
Economic 0.99
Social

Environmental

15

H Alternative 1 OAlternative 2 ® Alternative 3

Figure 44. Sustainability scores fdCase Zased orthe EQW method

Regarding these results, if all the selected indicators and pillars are considered
equally important, the application of Alternative 2 gexhes more positive outcomes

in terms of the determined strategic objective and targets. In fact, in this case study
Alternative 1 (neaction) means continuing the mining operations in Sector A and

Sector B.
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Therefore the analysis shows that the excavatibrignite reserve in Sector D
contributes to the sustainability more than Alternative 3 in terms of strategic
objective and target, which benefits the available domestic natural resources while
considering the environmental sensitivity. As it is applirdthe main case in
Section 5.2.8, AHP method is also applied for the energy and natural resource
priority focused case application while determining the weights of the indicators and
pillars.

As it is given inTable52, the scores of E1, E3 and E4 are the same and the scores of
these are slightly higher than those of E2. Hence, the importance of E1, E3 and E4 is

considered the same in the pairwise comparison.

The importance of these over E2 is considered astlligmore important because the
scores are very close to each other. The pairwise importance and weights of the

indicator in the environmentaillar are shown imable53.

Table 52. Detamination of environmental indicator importance @ase 2

Scope Importance
Indicator ID A B Relevance Score order
El 1 3 3 7 1
E2 3 1 2 6 2
E3 3 2 2 7 1
E4 3 2 2 7 1

Table 53. Pairwise comparison matrix of the enviromta indicators

Indicator ID El E2 E3 E4 AHP weight CR
El 1 2 1 1 0.286 0
E2 1/2 1 1/2 1/2 0.143

E3 1 2 1 1 0.286

E4 1 2 1 1 0.286

182



In order to determine the importance level of the social indicators, the same approach
is adopted. The importancevéds of the indicators are given Trable54. According
to the obtained results, indicator S1 is more important than S2.

Based on this, the comparison matrix of social indicators is givéahie55. As the
third indicator set, the importance level of economic indicators are determined based
on the selection scores, as it is giveff @able56.

Table 54. Determination of social indicator importante Case 2

Scope Importance
Indicator ID A B Relevance Score order
S1 2 2 3 7 1
S2 2 1 1 4 2

Table 55. Pairwise compason matrix of the sociahdicators

S1 S2 AHP weight CR
S1 1 4 0.80 0
S2 1/4 1 0.20

Table 56. Determination of economic indicator importance @ase 2

Scope Importance
Indicator ID A g B Relevance Score FZ)rder
Ecl 2 3 3 8 1
Ec2 2 3 2 7 2
Ec3 2 3 3 8 1
Ec4d 1 2 1 4 3

Hence Ecland Ec3 are slightly more important than Ec2 and significantly more
important than Ec4; Ec2 is more important than Ec3. Hence;aloallated weights

are given infable57. AHP-based caldated index scores arevgin inTable58.
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Table 57. Pairwise comparison matrix of the environmental indicators

S1 S2 S3 S4 AHP weight CR
Ecl 1 2 1 6 0.374 0.1
Ec2 1/2 1 1/2 5 0.194
Ec3 1 2 1 6 0.374
Ec4 1/6 1/5 1/6 1 0.057
Table 58. Index scores (IS) fo€Case Dased on AHP method
Al
Indicator Weight Sector Sector ?;:_“;i[;gne A2 A3
ID (AHP . (Sector D) (Sector E)
A B Alternative)
method)
El 0.286 0.01 0.43 0.22 -0.23 2.31
E2 0.143 3.47 0.97 2.22 2.54 1.29
E3 0.286 ' -0.35 -0.76 -0.56 1.28 1.55
E4 0.286 |-0.64 -0.7 -0.67 0.57 1.74
Environmental Index Score (ISe) 0.03 0.83 1.79
S1 0.8 -0.21 -0.71 -0.46 1.76 1.16
S2 0.2 0.62 2.74 2.74
Social Irdex Score (I1Ss) -0.24 1.96 1.48
Ecl 0.374 1.66 3.48 2.57 4.25 2.35
Ec2 0.194 276 2.3 2.53 1.12 0.21
Ec3 0.374 | 486 4.44 4.65 5.11 2.56
Ec4 0.057 0.03 1.83 0.93 -0.6 -0.62
Economic Index Score (ISec) 3.24 3.68 1.84

The environmental pillar scorgdSe), of Alternative 1, Alternative 2 and Alternative

3 are 0.03, 0.83 and 1.79 respectively. The social pillar score, ISs, of three
alternatives are0.24, 1.96 and 1.48 respectively. Lastly, the economic pillar score,
ISec, of Alternative 1, Alternates2 and Alternative 3 are calculated as 3.24, 3.68
and 1.84 respectively. The calculated index results for all the pillars are given as they

are obtained from the calculationTiable59.
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Table 59. AHP-based index scores f@ase 2

Alternative 1 Alternative 2 Alternative 3

Environmental Index Score (IS 0.03 0.83 1.79
Social Index Score (ISs) -0.24 1.96 1.48
3.24 3.68 1.84

Economic Index Score (ISec)

The obtained index scores are calshown in Figure 45. However, as the
environmental pillar indicates a negative impact, the multiplication of the
environmental scores byl() is practiced in the calculation of total sustainability
scores irnlrable60.

Table 60. Sustainability index score with equally important sustainability pillars
based orthe AHP method

Alternative Alternative Alternative Weight of each

1 2 3 pillar in SIS

Environmental Index -0.12 .0.42 -0.69 0.333
Score (I1Se) '
Social Index Score 0.02 0.45 0.39 0.333
(ISs) '
Economic Index 1.07 0.99 0.45 0.333
Score (I1Sec) '
Sustainability 0.99 1.60 0.51

Index Score (SIS)

The green line inFigure 45 indicates the minimum sustainability level at O.
Therefore, any negative value in the environmental, social and economic indices
indicates a nossustainable situation of the alternative. In this respect, three
alternatives are nesustainale in terms of the environmental pillar as the values are
lower than 0. Contrary to this, all the alternatives have positive values in the social
and economic pillars, which mean that in terms of economic and social indices, the

alternatives create benesfi
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Environmental

/’r

Economic Social

Sustainability Score=10 Alternative 2

= Alternative 1 = A lternative 3

Figure 45. Index Scores (IS) fo€ase dased orAHP method

However, one cannot say which alternative is more sustainable than others based on
the defined scope and selected indicators. Therefore, the final sustainabiléyg ef
these alternatives need to be calculated. In order to do this, the AHP method is also

applied for determining the weights of pillars.

For the first case, the importance of three pillars is considered as equally important.
In such a case, the wéigof each pillar becomes 0.333 with a consistency ratio of 0.
The obtained sustainability results of three alternatives are givehalie 60.
According to these results, the Alternative 2 obtained a higher stanethe other

two. This means that the decisioraking authority should choose the application of

Alternative 2.

As the second case, the importance of the economic pillar is considered to be slightly
higher than that of the environmental pillar and nratidy more important than the
social pillar. The obtained SIS values, with a consistency ratio of 0.1, are given in
Table61. According to these results, the Alternative 2 obtained a higher score than
the other tw. In fact, the score of Alternative 1 is closer to Alternative 2 and the

score difference between these two and Alternative 3 is significantly high.
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Table 61. Sustainability index score viiteconomic priority based dhe AHP

metrod
Alternative Alternative Alternative Weight of each
1 2 3 pillar in SIS
Environmental Index g 12 -0.42 -0.69 0.287
Score (I1Se)
Social Index Score 0.02 0.45 0.39 0.168
(ISs)
Economic Index 1.07 0.99 0.45 0.545
Score (I1Sec)
Sustainability 172 210 0.74

Index Score(SIS)

As the third case, the importance of the social pillar is considered slightly higher than
the environmental and economic pillar. The obtained SIS values, with a consistency
ratio of 0, are given inTable 62. According to these results, the Alternative 2

obtained a higher score than the other two. However, in this case and the first time
Alternative 3 obtained a higher score than Alternative 1. In fact, the score differences

between Alternatie 2 and other two Alternatives are significantly high.

Table 62. Sustainabilityindex score with social priority based the AHP method

Alternative Alternative Alternative  Weight of each

1 2 3 pillar in SIS

Environmental -0.12 -0.42 -0.69 0.25
IndexScore (ISe) '
Social Index Score 0.02 0.45 0.39 0.50
(ISs) '
Economic Index 1.07 0.99 0.45 0.25
Score (I1Sec) '
Sustainability 0.68 1.69 0.75

Index Score (SIS)

As the fourth case, the importance of the environmental pillar is coadigéghtly
higher than the social and economic pillar. The obtained SIS values, with a

consistency ratio of 0, are given iRable 63. According to these results, the
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Alternative 2 obtained a higher score than ttker two. However, in this case

Alternative 3 obtained a negative sustainability score.

Table 63. Sustainabilityindex score with environmental prioribased orthe AHP
method

Alternative Alternative Alternative  Weight ofeach

1 2 3 pillar in SIS

Environmental Index 0.12 0.42 0.69 0.50
Score (ISe)
Social Index Score 0.02 0.45 0.39 0.25
(1Ss)
Economic Index 0.25

1.07 ) 4
Score (ISec) 0 0.99 0.45
Sustainability 0.74 1.00 -0.07

Index Score (SIS)

As a result of the application dhe AHP method for determining the indicator

weights and sustainability pillar weights wl
application of Alternative 2 can be considered as sustainable. This is because the

alternative gives the highest score fbe cases of equal importance, environmental,

social and economic priority cases compared to other alternatives.

Considering the strategic objective and the target, this result becomes quite
reasonable because Alternative 2 has the highest recoveryofdignite reserve
compared to the other alternatives. As the main aim is to excavate the available
domestic coal resources, set by the energy policy without any solid consideration of
social and environmental sustainability, the obtained result isyhigtihg into this
objective.The other important result of the energy policy focused assessment is the
obtained SIS of Alternative 3. In the previous application of the framework with
local sustainability criteria in Section 5.2.8, Alternative 3 could gett positive
results with social priority cases. In fact, the analyses here show that even with

environmental priority, the SIS of Alternative 3 is almost 0.
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5.3.Discussions orifwo Sustainability Assessment Cases

The methods of the equal weighti(feQW) methodand analyticahierarchy process
(AHP) methodare applied in order to determine the sustainability levels of the three
alternatives by considering two different scopes ictiSe 5.2.8 and Section 5.2.9.

The objectives of these two cases aresdume, which is contributing to the security

of energy supply through operationalization of the domestic hard coal and lignite
reserves in Turkey by 2023; however, the main difference between thesades is

the scopes of thenThe first case, which ianalyzed with the proposed framework,
focuses on the localized sustainability criteria and evaluating the alternatives
according to these. The second application focuses primarily on the energy
generation with a general concept of considering @heironmeatal protection in
AECB.

The obtained four SIS results of the three alternatives for these two different scopes
are shown inTable 64. The determined sustainability index score (SIS) of three
alternatives in theirst case with the localized sustainability criteria focused analysis
based oreQW method indicates that Alternative 1 is comparatively more sustainable
than the other two plans (SIS 1Tiable64).

Table 64. SIS results of the three alternatives for two different ssdjased oEQW
andAHP methods

Alternative Alternative Alternative

ID Explanation 1 5 3

SIS 1 EQW method for localized

. . e -0.07 -0.27 -0.36
sustainability criteria case

AHP (equal importance of thr
SIS2 pillars) for localized -0.012 -0.809 -0.625
sustainability criteria case
EQW method for energy
generation focused case
AHP (equal importance of thr
SIS 4 pillars) method for energy 0.99 1.60 0.51

generation foused case

SIS 3 0.32 0.34 0.05
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The AHP methoébased analysis of the first case also produces similar results.
Alternative 1 is also comparatively more sustainable than the other two plans. In fact,
the result of SIS 2 is obtained based on the equal impertahthe three pillars,
namely environmental, social and economic pillars (SISTalrie64).

Contrary to these results, the energy focused case indicates that Alternative 2 is the
sustainable choice among thebkeee alternatives both for the equal weight method
and the AHP method. This can be seeffiable 64 with the results of SIS 3 and SIS

4. In addition to these, different from SIS 1 and SIS 2, the calculationgeselt
positive for SIS 3 and SIS 4. This means that all the alternatives can be accepted as
meeting the minimum sustainability conditions by obtaining a score higher than O.

However, one should keep in mind that sustainability of a system is determined by
the least sustainable component of it (Mayer, 2008). This is significantly important to
consider in this study, too. This is because even though the sustainability of the
alternatives are analyzed separately, it must be considered that the final decision
about the sustainable alternative should be given by considering the integrated case if
any alternative other than Alternative 1 is selected. The reason for this is that
selecting any alternative other than Alternative 1, which is thaction alternative

must also include the sustainability of #iternative 1 in the case &ECB.

In other words, the sustainability comparison in this study must be done by
considering the current situation and also the new alternative(s) besides the current
situation sinultaneously. Therefore, the consideration of the least sustainable
alternative of the practicing system (either theaotion or a combination of the fo
action and the other two alternatives) is necessary. For this purpose, the comparison
table is develogd and given iTable65.

Regarding the obtained results Table 65, the assessment results for the cases,
conducted based on the scope of the thesis (SIS 1 and SHBR)th&at Alternative 1

(the neaction alternative) is more sustainable than any other combination of mining
plan alternatives in AECB. This is because the results in the combinations include
less sustainable scores. Hence, if the decisiaking authorityselects one of these
combinations, the system in AECB becomes less sustainable than the current
situation in terms of the mining sector operations. Therefore, Alternative 1 boxes in
SIS 1 and SIS 2 are highlighted with the green color.
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Table 65. SIS comparison of the raction and combination of all the alternatives

cumulatively
No-action Al & Al & A2
D Alternative 1 AL & A2 A3 &A3
-0.07 vs.-
-0.07 vs.- -0.07 vs.
Local SIS 1 -0.07 0.07vs- -0.07Vs. o0 vs-
. . (EQW 0.27 -0.36
sustainability method) 0.36
criteria -0.07 -0.27 -0.36 -0.36
with land -0.012 -0.012 vs-
degradation i{f”f -0.012 Og;%s\)/s . 0.809 vs.
focus m(ethod) ' -0.625 -0.625
-0.012 -0.809 -0.625 -0.809
0.32 vs.
General SIS 3 0.32 032 vs. 0.32 0.34 vs.
. . (EQW 0.34 0.05
sustainability method) 0.05
conceptwith 0.32 0.32 0.05 0.05
energy 0.99 vs.
o SIS 4 0.99vs. 0.99vs.
rior ity focus 0.99 1.60 vs.
prior Ty (AHP 1.60 0.51 ) 51’8
h )
method) —559 0.99 051 051

Regarding the results for SIS 3 and SIS 4, Wlace the scores of energy generation

focused cases, ifable65, as Alternative 2 obtained higher score than the others and

based on the scores, Alternative 3 is the least sustainable among these three, either

Alternative 1 or the mine plan includes the combination of Alternative 1 and

Alternative 2 should be selected. The main reason for this is that Alternative 1 has a

higher score than Alternative 3, so any combination including Alternative 3 causes

deterioratim of the current sustainability conditions of the system in AECB.

Also, in case of selecting the combination of Alternative 1 and Alternative 2, the

sustainability level of the system in AECB does not increase, because a system

cannot be more sustainalilean its least sustainable alternative. For this reason, in

case of selecting two alternatives, Alternative 1, as thaction alternative, and

Alternative 2, the sustainability in AECB does not decline.

In fact, based on the objective and scope as aglihe selected indicators in the

energy focused case in Section 5.2.9, practicing Alternative 1 and Alternative 2

contibutes to sustainability IiMRECB more than implementing only Alternative 1.
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Consequently, in such a case, it is better to implemeninthmg plans given wh

Alternative 2 InAECB than selecting the raction alternative.
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CHAPTER 6

CONCLUSION

The indicatotbased sustainability assessment framework is dpedléor evaluating

the sustainability of the current and proposed mirgegtor plan alternatives in terms
of land degrad&n at the strategic levellhe results are evaluated in different
perspectives like the contribution of the study to the knowledge of the field,
advantages of the developed framework over similar framesyarlise specific

results and recommendations for the future studies

In this respect the contribution of the study to the knowledge of the field can be

concluded under;

1 Practicing earlypublic and stakeholder consultations for determination of
the local sistainability criteria;

1 Using the sustainability indicators systematically for the assessment of the
mining sector plans at the stratetgoel,

1 Classification of the indicators in order to apply the framework at the
strategie and projectevel assessméepractices;

1 Proposing indicators, which are not given in the literature and which are
specifically appropriate for the mining sector and Turkish conditions at the
strategielevel.

First of all, the proposed framework considers and also integrates thie and
local stakeholder understanding and priorities on sustainability in the field of the
mining sector at the early steps of the application based on a bapt@ampproach. In

fact, all the alternativeare definedand also sustainability indicators fevaluating
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these alternativeare selected based on the botigmapproach by integrating the

public consultation outcomersto the decisiormaking process

In this way, the developed framework allows the integration of the stakeholder
priorities at theearly steps of the process through defining the sustainability criteria
based on their local needs, faced problems and expectations. As a result, the
sustainability concept for the mining
Elbistan Coal Basin (AEB) are determined as;

1 Creating longlasting social wetbeing through;

o0 Employment: Prioritizing local employment and capacity building in
local communities (improvement of qualifications for both sectoral
employment andwuxiliary industry development);

o0 Land acquisition managementMinimizing the land acquisition and
lump sum land acquisitign

o Infrastructure: Improvement in the infrastructure

1 Obtaining comparable information on possible traffe and their
consequences

o Change in the local economic actities: Impact of land acquisition
and land use change due to mining operations versus created local
employment in the mining sector and auxiliaeg®rs;

o Change in the practice of the local economic activitiedmpact of
land acquisition and land usbange on the agriculture due to mining
operations versus positive impact on the practice of the agriculture
due to accessing groundwater, used for irrigation

1 Balancing costs and benefits by effective natural resource management
through;

o Land use managenent: Minimizing land use for mining operations

o Land acquisition management Minimizing land acquisition

o0 Water management: Minimizing groundwater drainage and using
drained water for agricultural purposes

The developed sustainability assessment fraonkwuses indicatorsfor the
assessment of the alternativiesterms of the focused strategy and sustainability
criteria. For this purpose selection of appropriate indicators is necessary and
important issue Additionally, weighting of the indicators aralso important for
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obtaining objective and scientificallyacceptable resultsTherefore besides the
analyticathierarchy proces§AHP) method, equaleighting (EQW) method is
appliedin order to mitigate subjectivitywithin the weighting process.

In this respect, a systematic methodology is defined for determination and selection
of the indicators among the available indicator sets. In order to practice the selection
of indicators systematically, a scoring matrix is also proposed. The localized and
studyspecific sustainability criteria, strategic objective and study scope are used as
the scoring parameters versus the indicators in the matrix. In this way, the proper
indicator selection is achieved with a limited time, financésources and expert
humanresources.Additionally, the use of indicators is significantly helpful for
measuring and presenting the outcomes of the assessment to stakeholders easily and

effectively.

Another important outcome of integrating the indicators into the assessment
frameworkis the classification of the mining sect@lated sustainability indicators

in terms of the characteristics of the stratdgie| and projectevel assessmeiols

and frameworksSuch classificatiofis significantly important for the mining sector
related sustainability assessmditérature. This is mainly because the available
studies focus on the projeletvel and corporatievel sustainabily in the mining

sector.

Therefore, the majority of the sustainability indicatarbtainedfrom the literatue,
are developed and used for the prejestl assessment practices. In this respect, the
obtained strategitevel sustainability indicator sets in the environmental, social and
economic pillars are the third contribution of the thesis to the sustaipaildies in

the mining sector.

Regarding the classification of the sustainability indicators in terms of strasegic
projectlevel assessments, it is figured out that, the available sustainability indicators
do not cover all the sustainability issyepecifically in the field of land degradation.

In this respect, 13 social and 11 economic sustainability indicators are proposed
under this study in order to fulfill the missing issues for the sustainability assessment

of the mining sector plans in tesrof land degradation.

In addition to the highlighted contributions of the study, the developed framework
also has advantages over the available frameworks and approaches that are
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summarized under flexibility and communication capaciti€egarding the
flexibility, the framework can be appliedadifferent countries and regions as well as
by thedifferent sectorahctors

The classification othe indicators under this studillows the application of the
projectlevel and cooperation specific sustainapiassessments with the developed
framework in the mining sector. In fadt a new globaindicator setis developed
and indicators are selectday following the process defined in the thesis, the
framework can also be applied for different sectors.

Especially the defined sustainability and indicator selection process can be used
efficiently for the sectors, which exploit the natural resources, such as eaalgy
agriculture Besides the public authorities, responsible for regulating these sectors,
inveding companies, project managers and financial crediting organizations, can also
practice the framework with the projdetvel indicators in order to evaluate and
report the sustainability dhe operationand projets in a systematic way.

The applicatiorprocess of the developed framework does not need specific expertise
like modellingbased frameworks. This is mainly achieved by selecting the flexible
assessment method, which is the maitieria analysis (MCA). MCA is a highly
preferred assessment medh for natural resource management studies. Also,
integrating the indicators as assessment parameters contributes to obtaining a flexible

framework.

The third flexibility issue of the developed framework is that it considers the data
limitations and quaification capacity of the indicators as important parameters for
the selection of the indicators for the assessment. This is highly important for both
strategicand projectlevel applications of the frameworkAdditionally, this
minimizes or prevents thenplementation of analyses with the indicators, lacking of

data and limited quantification capacity.

Regarding the communication capacities, the developed framework grants the
presentation and communication capacity of the obtained results to shareewith th
decisionmakers and stakeholders. This is highly related to transparency feature of
the framework because the third party, who does not participate in the assessment
process, can follow the localization of the sustainability criteria, indicator selection
and the obtained nume results, based on EQWhd AHP method. This is also
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related to minimal need of expertise characteristic of the framework. As a result of
this, the decisiormaking authorities and investing mining companies can use the
obtained reslts to communicate with the stakeholders in an effective way and the

stakeholder parties can follow the process easier than highly technical approaches.

Additionally, the successful integration of the public concerns into the process is
valuable becaughe stakeholder consultation contribute to two important steps in the
framework. The first one is the localization of the sustainability concept. The second
one is the determination of the weighting criteria during the assessment. This
approach is also vg important to minimize the subjectivity of the determined
weights of the used indicators and also pillars in the assessment.

As a result of application of the developed framework, the following results can be
concluded for the bottomp approach case atap-down approach case, used for the
definition and scoping of the sustainability, strategy and study focus, give completely

different results.

For the first case, which is botteap approach for determining the sustainability
criteria, the assessmentsudts indicates that maction alternative obtains higher
sustainability index score in terms of land degradation based on both equal weighting
and analyticahierarchy process methods. For the second case application, which is
the topdown approach for dermining the sustainability criteria, Alternative 2
(mining in Sector D) obtains higher scores than the other two alternatives in both

equal weighting and analyticalerarchy process methods.

In this respect, application ofwo cases shows that the dieyed framework
acknowledges the change of the priority of the assessment in terms of obtained
results. Additionally, the results of the two cases show that using either the bottom

up approach, which integrates t-rhagkingst akeh
process, or the tegown approach, in which the assessment criteria are determined

by the decisiofmaking authority as well as by the practicing party, may produce

different results.

Regarding these obtained case specific results of batppapprach, the decision
making authority, E! Ak, mu st focus on mi
social impacts in the region in order to practice mining operations in Sector D and
Sector E. Regarding the environmental impacts, the mining sector relakd lan
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degradation is significantly important concern of the local stakeholders as they are
significantly depend on the agriculture in AECB. Additionally, land acquisition for
the mining operations is seen as the main reason for negative social impacts in
AECB.

The second recommendation for the decisimaking authority is initiating an
employment program for the local community members, who will be directly
affected from the degradation and acquisition of the agricultural land due to the
mining sector. Considag the wide land need for lignite mining in AECB, such an
employment program must be conducted in order to decrease the negative social
impacts in the basin and so for obtaining higher sustainability scores for the new plan
alternatives. Additionally, bk is important for creating transparent recruitment

practices in the mining sector in AECB.

In this respect, the following strategies are recommended for minimizing the social
negative impacts, which are mainly sourced from the mining sector related land

degradation in AECB. These strategies are;

Development and implementation ofskilling programs;
Contributing to the establishment of SMEs that are independent from the
mining sector;

1 Providing training and education to gain and improve skills thaheeded

for the mining sector employment.

Besides the specific discussions about AECB, the deemmking authority, the
Ministry of Energy and Natural Resources of Turkish Republic, should practice a
strategic level mining sector sustainability asses# for the similar basins in
Turkey. This is significantly important because the energy policy aims to
exploitation of all domestic coal reserves for electricity generation. However, the
case application for the mining sector plan alternatives in AEGBvsithat if a
comprehensive sustainability assessment will not be practicedefimed strategic

target will cause significant and irreversible environmental and social losses.

In this respect, before setting the program targets in the Yéae Develoment
Programs of the Turkish Republic, the sustainability assessment should be practiced

as a decisiosupport tool and the outputs of the studies must be integrated into
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strategic planning. The best period for this is the working groups, where the lsectora
strategy reports are prepared, for devel
In this way, the application can be successfully conducted because these working
groups are specifically focusing on a sector through participation of the stakeholders
and experts from the ministries, universities, sectoral NGOs, and also the private

sector organizations.

Last but not the least, the recommendation for future studies can be summarized
under the case specific and framework related for general applicatlunéirst case
specific recommendation for the future studies is to apply the framework for the
possible mining operations in AECB after resetting the subsectors.

The recentsuessct or s were determined in AECB by
for leaving pillars between recently active mining operations and also between the
focused and possible future mining operations in other sectors, loss of reserve is
significant in AECB. Such los is a very important barrier for contributing the
sustainability in AECB in terms of the mining sector with a specific focusund |
degradation. Therefore, a new assessment with rearranged subsbctoid be

conductedor the basin in the future.

In addition to this Hurman Creek is a significant factor for the basin in terms of the
mining sectorstrategic planningA future study should also discuss the possible
sustainability levels of the mining operations, which directly interacting with the
HurmanCreek. Moreover, consideration of the groundwater resource management in

AECB should be also integrated into the future sustainability studies in the basin.

Besides theseconsideration of theurrent and plannethermal power planté the

basin is sigificantly important field of study. This mainly because, the main purpose
of the mining operations in the basin is generating electricity. Therefore, these two
operations and sector are highly integrated. In this respect, more comprehensive

sustainabilitystudy with the developed framework will be very valuable.

In addition to case specifiecommendationsthe developed framework related
recommendations should ladso highlighted for future studies. The localization of
the sustainability concept, indicatselection and determination of weights of

indicators and pillars in the assessment are key factors affecting the reliability and
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the success of the obtained results. For this reason, the application of the steps about

these three key factors is signifitly important.

The process of the localization of the sustainability concept is conducted by
considering the importance of the process in this study. However, due to the time and
administrative limitations, the same comprehensive process could not dieguta

for the indicator selection steps. Consequently, it is recommended that the indicator
selection should be conducted with more than one expert and even with the
consultation of the stakeholders in the future applications.

Furthermore, healthand séety-related matters are very important for the mining
sector. There are regulations and strict rules for the operations at the-aegbct
However, the consideration and integration of these into the strde®@gic
assessment is a challenge. For thason, the strateglevel analysis related health
and safety concerns should be integrated into the degisading process in the

future studies.
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APPENDIX A

The Mining Sector Related Sustainability Focused Research and Projects
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Table A. continued

Time Name

Who?/How?

Why?/Outcome

2002  Toronto Global
Conference

2002  Breaking New Ground
Report®

2002  Sustainability Indicators
and Sustainability
Performance
Management Document

2002  Sustainability Reporting
Guidelines

2003 10 guiding principles
2003  Mining and Metals

Sector Supplement to
GRI 2002 Guidelines.

ICMM

MMSD Project publication

Warhurst A. for IIED

GRI

ICMM

GRI-ICMM Working Group!

“ICMM member companies sign the Toronto
Declaration committing to engage in constructive
dialogue with key stakeholders.”!

“Report on sustainable mining presents the main findings
of the MMSD’s research, analysis and stakeholder
engagement process. The report was also used as
template for future ICMM activities.™?

“Development and use of Sustainability Performance
Indicators (also referred to as Sustainability Indicators) to
communicate to theinternal and extemal stakeholders of
mining companies about the sustainable development
goals.™

“a model for sustainability reporting used across
sectors™?

“ICMM Council adopt 10 guiding principles, the first
element of ICMM’s Sustainable Development
Framework.”!

“the basis for ICMM members to report their economic,
environmental, human rights and social performances
with the specific performanceindicators.™

“A pilot version phase ran from October 2003 through
February 2005.8
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Table A. continued

Time Name Who?/How? Why?/Outcome

2012 MMSD+10:Reflecting  Buxton A. For IIED “Intended as a ‘conversation starter’ — providing an initial
on a decade of mining assessment of the mining and minerals sector’s
and sustainable achievements against the MMSD agenda and open to
development further discussion.™

2013 Fourth GRI G4 was released by GRI*
generation guidelines
G4

! http://www.icmm.com/about-us/our-history, accessed: 20.05.2014

2Lins C. and Horwitz E., 2007, Sustainability in the Mining Sector, RJ, Brazil, web page: http://www.fbds.org.br/IMG/pdf/doc-295.pdf,
accessed: 20.05.2014

3 Warhurst, A., Sustainability Indicators and Sustainability Performance Management, ITED and WBCSD Report No: 43, 2002, web
page: http://www.commdev.org/files/681 file sustainability indicators.pdf, accessed: 20.05.2014

4 Global Reporting Initiative, web page: https://www.globalreporting.org/information/about-gri/what-is-GRI/Pages/default.aspx,
accessed: 20.05.2014

I BuxtonA., 2012, MMSD+10: Reflecting on a decade of mining and sustainable development, International Institute for Environment
and Development (IIED), web page: http://pubs.iied.org/pdfs/160411IED.pdf? accessed: 20.05.2014

6 Breaking New Ground: Mining, Minerals and Sustainable Development Final Report, web page: http://www.iied.org/mmsd-final-
report, accessed: 20.05.2014

7 MMSD Mining and Minerals Sustainability Survey, 2001, web page: http://pubs.iied.org/pdfs/G00742.pdf?, accessed: 20.05.2014
SICMM, 2014, http://www.icmm.com/our-work/sustainable-development-framework/public-reporting, accessed: 20.05.2014
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APPENDIX B

List of the Global Mining Sector Related Sustainability Indicators
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Table B.1 continued

Dimensions & . ¢
NG Indicator Set Theme Sub-theme Unit Indicator Source

12 Nbr/yr & Total number of prosecutions for environmental non-compliance
Description and a summery for each region and country if applicable
Compliance
wmnooam.mo of planning vn.aammmonm refused on nbw?o.banam_ Azapagic.
13 % and social grounds relative to the number applications for 2004: 655
permissions
14 Compliance and % Percentage of sites certified to an EMS (e.g. ISO
voluntary activities Voluntary 2 14001/EMAS)
ae—— activities
15 Description Summary of any other environmental voluntary activities
Monetary value of significant fines and total number of non-
16 . US$ monetary sanctions for noncompliance with environmental
Monitory laws and regulations. GRI,2011:34
S spending
17 US$ &  Total environmental protection expenditures and investments
Description by type.
18 m3/yr Total water use for production of mineral resources i
2004: 653
19 Water & Water use  Description Total water withdrawal by source GRI,2011:32
20 Liquid effluents m3 Water use intensity by activity Helbron 2008

21 % Percentage change of groundwater development rate UN 2007,
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Table B.1 continued

Dimensions &

i Tni i
NO Tidiesion Set These Sub-theme Unit Indicator Source
34 amount Biochemical oxygen demand in water bodies
| UN, 2007
35 amount Concentration of faecal coliform in freshwater
| Water nﬁ&.mﬁ% Human health problems, wildlife and high mountain vegetation
36 and pollution Description disease due to liquid industrial waste dumping of rivers and
AL (cont.) groundwater
Serrano, 2012
M ﬁ:—:%oﬂm“_v: s Uomoan.OBHOmm of wildlife w%:.ﬂ due to liquid industrial waste dumping of
rivers and groundwater
M o Percentage of water recycled and reused (e.g. cooling, waste,  Azapagic.
Recycled and 2 rain water) relative to the total water withdrawn from source ~ 2004: 653
= reused water
39 % & m®  Percentage and total volume of water recycled and reused.  GRI,2011:32
40 Nbr/yr Number of mines closed
= Nbr/yr Number of sites rehabilitated W%%WwMWM
42 ha/yr Total land area rehabilitated
— 5 % of the land area rehabilitated relative to the total land area
43 Closure and Yolyr : S = o il
R occupied by the closed mines/quarries awaiting rehabilitation
rehabilitation
44 Nbr / yr Number of awards for nnrm.c::m:ob and a summary, if Azapagic,
applicable 2004: 654
45 Nbriyr & Number of sites officially designated for biological,

description  recreational or other interest as a result of rehabilitation
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Table B.1 continued

& Dimensions & i 3
NO Indicator Set Theme Sub-theme Unit Indicator Source

Strategies, current actions, and future plans for managing

37 Descaptien impacts on biodiversity

The number and percentage of total GRI,2011:33
sites identified as requiring biodiversity management plans
escription according to stated criteria, and the number (percentage) of
those sites with plans in place.

Management
58 Plans (cont.) D bl

59 Description Habitats protected or restored. GRI,2011:33
60 - Loss of high mountain vegetation

61 Biodiversity (cont.) - Loss of wildlife habitat Serrano, 2012
62 - Death and displacement of wildlife

63 ha Effected area of selected key ecosystems UN 2007,

Occupation Desvintirn Location and size of land owned, leased, managed in, or

64 &h adjacent to, protected areas and areas of high biodiversity
of Land a value outside protected areas.
L GRI,2011:33
Amount of land (owned or leased, and managed for
65 ha production activities or extractive use) disturbed or
rehabilitated.
66 Nbr/ Equivalent number of fully grown trees that would be required
O ia f ion of the total CO2 emissi .
) . Mitigation of or sequestration of the total CO2 emissions Azapagic,
S Air emissions ) 2004: 654
67 SISSIon. Siiines The amount of CO2 emissions that can (theoretically) be ;

sequestered by the trees planted by the company
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