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Abstract Inability to ensure sustainable mining practice

has brought the awareness that mining enterprises must be

more pragmatic on achieving the sustainable development

goals (SDGs) in their operations. This research propose a

new approach to select and prioritize relevant targets to the

industry, which will allow companies, communities, and

public authorities to establish a proper framework for

environmental governance. The methodology includes

appraisal of questionnaires, prioritization of targets

following a thorough screening and quantitative

assessment, and a bipartite network analysis approach.

The results indicate that 55 out of the 169 targets were

considered relevant for oil sands mining. The targets in

SDGs 1, 12, and 16 were identified as having high or very

high priority. There was high correlation between proposed

conditions and targets based on the bipartite analysis,

which signifies that the people’s opinion has relevance in

the priority ratings. To achieve SDGs, the implication of

mining activities on the environment must be addressed. It

was concluded that targets with high relevance in the three

phases of mining should be given high consideration when

establishing governance principles. Furthermore,

engagement of relevant stakeholders that will be

impacted directly or indirectly by mining operations is

critical in the pursuit of achieving SDGs.

Keywords Mining � Oil sands � Sustainable development

goals (SDGs) � Targets

INTRODUCTION

Following the failure to fully achieve the millennium

development goals (MDGs) by some African countries,

including Nigeria, efforts are therefore being made to

achieve sustainable development goals (SDGs) targets in

the areas of mining, conservation, sustainable develop-

ment, and tourism governance (AfDB et al. 2015; Siakwah

et al. 2019). It was stated in the 2030 Agenda for SDGs that

socio-economic development is dependent on the sustain-

able management of natural resources and the environment.

The mining sector is therefore critical in achieving these

goals and targets, with the need for the implementation of

proper environmental governance framework. Government

at all levels must therefore be committed to the enforce-

ment of environmental laws that will ensure that the mining

companies works toward the endorsed achievement of

SDGs (Monteiro et al. 2019).

The SDGs were adopted in 2015 as a major part of the

2030 Agenda for sustainable development (SD) and was

endorsed by 193 member states of the United Nations (UN)

General Assembly (Assembly 2015; Biermann et al. 2017).

The SDGs are a set of 17 goals, 169 targets, and 230

indicators for addressing SD challenges by 2030 with the

aim of ending poverty, safeguarding the planet and

ensuring peace and wealth among people (Annan-Diab and

Molinari 2017). These SDGs include new agendas and

were built and broadened upon the successes made under

the MDGs set in 2000 (Assembly 2015; Annan-Diab and

Molinari 2017; Biermann et al. 2017; Wood et al. 2018).

With the advent of SDGs in 2015, there has been increasing

interest in linking SDGs with the mining industry and its

practices (Omotehinse and De Tomi 2019a). Mesquita

et al. 2017 concluded that the SDGs would serve as a

framework to offer clearer and common target that can be
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achieved by any mining enterprise across the globe. SDGs

alone do not integrate the three bottom lines (TBL)

dimensions, which is a framework that incorporates the

performance of social, environmental, and economic con-

cerns (Slaper and Hall 2011), but some of the targets do.

This was possible because the aim of the targets were on

the interdependencies between issues and were managed in

an integrated way. Experiences from MDGs showed that

targets that can be quantified could have more significance

than goals (Griggs et al. 2014).

As a guide for the mining sector, The Atlas (Sonesson

et al. 2016), which recommends some strategies on SD for

mining enterprises, was published (UNDP 2016). To

maximize the contributions of this publication to the SDGs

attainment, Yakovleva et al. (2017) suggested that an

approach that is region specific to SDGs would allow

mining companies to put their SD strategies together

according to the local need, the regional economic, and

social challenges. The SDGs address problems of which

many are caused by mining activities, therefore the mining

sector is positioned to make an outstanding impact in the

achievement of these goals (Yakovleva et al. 2017; Fraser

2019). Researches that will show how organizations can

support these targets within the context of their commercial

priorities and activities are therefore needed (Sullivan et al.

2018). Despite the fact that these goals are universal, it is

the responsibility of each country to select its targets and

determine its priorities in terms of the pace of transfor-

mation (Allen et al. 2016, 2019). As so, there will be many

challenges in choosing realistic targets by the government

and setting out appropriate and cost-effective approach

toward achieving the targets (Allen et al. 2016).

In recent times, there are growing use of bipartite net-

work analysis by researcher in identifying key structure of

data set. Bipartite network can be defined as a data struc-

ture showing the relationship and/or interactions between

two types of entities (Gao et al. 2018). This is mostly used

in applications such as questionnaires, search engines, and

Online Social Rating Networks (OSRN) (Gao et al. 2018;

Banerjee et al. 2017). This is to deduce the relationships

between nodes of the same type (Pavlopoulos et al. 2018).

To analyze bipartite networks, an approach termed pro-

jection is used. The bipartite networks analysis can be used

in determining priorities and interactions of SDGs. Jar-

amillo et al. (2019) used bipartite network to analyze the

priorities and interactions of SDGs with focus on wetlands

and the study showed that the targets 6.3, 12.2, and 2.4

were ranked as priorities to achieve SD from a wetland

perspective. Wood et al. (2018) in their research titled

distilling the role of ecosystem services in the SDGs used a

bipartite network analysis to plot the 178 ecosystem ser-

vices–targets interactions and found targets under SDG 1,

2, 6, and 15 to be the most frequently evaluated and distinct

targets. Corel et al. (2018) also used bipartite network to

analyze gene sharing in the microbial world and the anal-

ysis showed a vertical and horizontal view of the gene flow.

Bipartite networks shows the potential for cooperation and

actual connections (Hennemann and Liefner 2008) and it is

commonly analyzed by projecting it into two unipartite net-

works (one for the top nodes and one for the bottom nodes)

(Latapy et al. 2008). The unique characteristic of it is that

there are no edges between nodes of the same set, but only

between the different sets (Hennemann and Liefner 2008).

Our study focuses on a specific oil sands region in

Nigeria. Mining data are not readily available online for

Nigeria, because there are no standard mines available and

minerals are mostly mined either illegally or using artisanal

mining methods. Yakovleva et al. (2017) gave an analysis

of mineral extraction and production in sub-Saharan Africa

by local and foreign companies using small-, medium-, and

large-scale operations, but there were no data for Nigeria

on the total number of mines, the minimum, and maximum

lifetime of a mine in the country.

Mining is the industrial extraction and processing of

minerals. The activities involve five stages, which are

prospecting, exploration, mine development, exploitation,

and mine closure (Newman et al. 2010) which have various

impacts on the environment. In this research, the

prospecting, exploration, and development, which are the

initial stages of a mining enterprise, are referred to as the

pre-mining phase (Omotehinse and Tomi 2019b); the

exploitation stage is referred to as the mining phase, while

the mine closure is referred to as the post-mining phase.

The degrees of effects ofmineral development depends on

the stage and scale of activities attained. While only minor

impacts occur during prospecting and exploration stage,

more intense effects occur from the mine development stage

(Unesco-Mab 1995). The mining phase can cause higher

impacts than those mentioned in the pre-mining phase. The

environmental effects include destruction of vegetative

cover, major land-form changes, slope failures, acid mine

drainage, pollution from heavy metals, and tailing ponds.

The social effects include relocation, violence, human traf-

ficking, and prostitution (Pring et al. 1999).

Oil sands are unconventional sources of petroleum that

occur naturally, and they consist of a mixture of clay, sand,

water, and bitumen (Tenenbaum 2009; Poveda and Lipsett

2011, 2013). Oil sands can also be called tar sands (Brandt

2011) or bituminous sands (Masliyah et al. 2004). The

extraction of bitumen from the oil sands can be through the

surface mining method or in situ production method (Jor-

daan et al. 2009; Poveda and Lipsett 2013). The estimate of

oil sands deposits in Nigeria are between 32 and 47 billion

barrels in place and can be found in Ondo, Ogun, Lagos,

and Edo States (Ako et al. 1983; Enu 1985) and they

remain unexploited. The development of the oil sand
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resource has potential for environmental degradation, pol-

lution, and problems, which is an integral part of envi-

ronmental governance. The role of environmental

governance is of high importance for the achievement of

SDGs as the concept place emphasis on an all-round sys-

tem of management (Falebita and Koul 2015).

In this research, we thereby propose an extensive anal-

ysis of the targets for the different mining phases to iden-

tify the ones that are more specific to each phase. All the 17

SDGs and their targets will be considered and our focus

will be on the ones that are more relevant to the environ-

mental sustainability category across the different phases.

The motivation behind this study is to create a future

whereby prospective bitumen mining companies can have

a well-packaged environmental governance framework to

follow, which will meet the stakeholders expectations in a

balanced way.

Thus, the aim of this research is to propose a new

approach to select and prioritize relevant targets to a

specific industry (oils sands) which will allow companies,

communities, public authorities, and other stakeholders

involved in oil sands mining to establish a proper envi-

ronmental governance for new mining enterprises.

The research questions are as follows:

(1) What are the specific SDG targets that are relevant to

oil sands mining and how can they be prioritized

across the three different mining phases?

(2) What is the correlation between the proposed condi-

tions and specific targets?

MATERIALS AND METHODS

The linkage between SDGs and mining is a challenge for the

mining enterprise to go beyond its conventional scope of

activities (Yakovleva et al. 2017). However, for SDGs to be

achieved, strategies based on science and community par-

ticipation throughout the life of a mining process should be

adopted (Wood et al. 2018). People and organizations

therefore need to participate in making decisions that involve

mining projects and be knowledgeable about the possible

effects of the sector’s activities (Yakovleva et al. 2017).

In order to develop a methodology that identifies the

linkages between SDGs and the mining enterprises, a study

was carried out in some oil sands communities in Ondo

state, Nigeria. The proposed methodology started with

qualitative research and questionnaires (Mack et al. 2005).

This was aimed at understanding the effects of oil sands

mining on the communities and the results generated were

used for data analysis (Bricki and Green 2007). The data

collected was analyzed using a bipartite network analysis

as described below.

Data collection

The methodology for data collection for the fieldwork car-

ried out in this region has been described in a recent publi-

cation (Omotehinse et al. 2019). The region, which is Ondo

state, is an agrarian state where majority of the population

engaged in agriculture. The settlement pattern is about 40%

urban, 55% rural, and 5% riverine and about 38% of the rural

area falls within the mining-licensed areas. The oil sands

deposits cut across six local government areas, which are

Odigbo, Ode-Irele, Idanre, Okitipupa, Ese-Odo, and Ilaje.

The Odigbo local government is the study area in this study,

which has a land area of 1818 km2 and a population of

230,351 persons (Omotehinse 2020).

The data collection include interviews and administra-

tion of questionnaire with 14 questions to the members of

Mulekangbo, Ilubirin, and Mile 2 communities in the study

area. The leaders of the communities mentioned above

were visited to discuss the aim of this research. The

questionnaires were distributed to the selected interviewees

and the questions presented during the interviews are

shown in Supplementary Information S1. Interviewees

were selected according to their availability and on a ran-

dom basis. The sequence of interviews followed a sequence

of visit to different households; however, only one repre-

sentative per household were interviewed. The focus group

of the interview was people involved in productive activ-

ities, but other actors such as students and community

leaders were also interviewed (Table 1). In addition, in

some occasions, interviews were selected through snowball

sampling (Bernard 2006; Smith 2019).

As described in Omotehinse et al. (2019), there were

100 interviewees, 40 from Mulekangbo, 30 from Ilubirin,

and 30 from Mile 2 community. The population in the

communities are less than 350 people and most of the

households have been interviewed, and the number of

interviewees can be considered as representative sample.

The sample sites were selected because some explo-

ration activities had been carried out in the area (Adegoke

et al. 1980) and some oil sands outcrops of the geological

formation were found within the axis, which will be highly

relevant for new mining enterprise as they will prioritize

near known outcrops, and this was emphasized by current

exploration campaigns for oil sands.

Data analysis

Prioritization of targets

A screening exercise to identify the set of targets that are

important for oil sands mining activities was carried out.

All the 17 SDGs were required for this research and the

relevant targets out of the 169 targets were chosen. Based
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on recent regional assessments and reports by authors such

as International Council on Mining and Metals (ICMM

2010, 2012), The Atlas (Sonesson et al. 2016), and Mining,

Minerals and Sustainable Development Project (Mining

2002) and in terms of importance to mining activities,

stakeholders priorities, an initial list of 169 targets

(Table 2) was screened. Fifty-five (55) identified targets

were prioritized in the three phases of mining according to

their relevance in each phase. A quantitative baseline

assessment is done based on the importance of each target

to different phases of mining and the priority rate (PR) and

category are gotten based on Eq. 1. The targets were scored

and weighed across the three phases of mining and priority

targets were identified.

The prioritization carried out in this research was aimed

at evaluating the importance of each target to the 3 mining

phases. The PR was done by considering each relevant

target across the three phases of mining and was rated or

scored according to its importance in each of the phase.

Targets with PR of five was considered as ‘‘very high’’

priority and 1 ‘‘very low’’ priority. The net sum for each

target in a goal shows an overall assessment of their net

influence in the goal.

The priority rating for each goal (PR) for the 3 phases of

mining is calculated using the formula:

PR ¼
X

targets scores
� �.

Number of targets � 15ð Þ
� �

� 5;
ð1Þ

where 15 is the maximum score for the 3 phase (maximum

of 5 score for each phase).

The screening process reduced the list of targets from

169 to a minimum number used as the basis for subsequent

analytical steps in this research.

Network analysis of interlinkages between targets

and ‘‘proposed conditions’’

The proposed conditions were generated during various

visits to the communities. It was divided into two: the

likely impacts of oil sands mining and some suitable solu-

tions, which were the first set. The second set are services

that the mining companies can render to the communities

and these were named ‘‘proposed conditions.’’ The pro-

posed conditions were generated based on various resear-

ches, available literatures, adequate knowledge on impacts

of mining activities (Mining 2002; McWhinney 2014), and

the basic amenities that were lacking in the communities.

The possible effects of oil sands mining activities on the

communities were discussed with participants during the

interview, the questionnaire was presented to them, and the

proposed conditions were the responses to the questions

that were asked.

The interlinkages of each SDG target and the proposed

conditions were identified and developed based on these

three criteria: 1. level of relevancy; 2. relationship; and 3.

interconnection. A bipartite network analysis was applied

to evaluate the linkages between the targets and the opinion

of the people.

RESULTS

Targets priority ratings for phases of mining

Using the screening results by the authors and reports, such

as International Council on Mining and Metals (ICMM

2010, 2012), The Atlas (Sonesson et al. 2016) and Mining,

Minerals and Sustainable Development Project (Mining

2002), the 55 identified targets were prioritized in the three

phases of mining according to their relevance in each

phase. Table 3 presents the lists of relevant targets for oil

sands mining, which are the targets used for the subsequent

analysis in this research (Supplementary Information S2:

Definitions of SDG targets).

The 17 SDGs, the relevant targets, and their priority

ratings across the three mining phases are shown in

Table 4.

The 17 SDGs, the relevant targets, and their priority

ratings across the three mining phases are shown in

Table 4. The 55 identified targets were prioritized in the

Table 1 Demographic profile of respondents

Questions and categories Mulekangbo

(N = 40)

Ilubirin

(N = 30)

Mile 2

(N = 30)

Sex

Male 21 23 21

Female 19 7 9

Age

18–25 0 0 4

26–30 2 8 2

30–40 12 8 10

40 above 26 14 14

Educational status

Primary 28 24 25

Secondary 7 4 4

Grade 2 3 2 0

No formal education 2 0 1

Occupation

Farming/fishing 40 24 26

Students 0 0 2

Others 0 6 2
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three phases of mining according to their relevance in each

phase.

The priority rate has been calculated according to Eq. 1.

The processes of calculations in Table 4 use the following

steps as explained, using Targets in SDG 6 as example.

Considering targets 6.1; 6.3; 6.4; 6.5; 6.6; and 6.b, while

some were prioritized as very high, some were prioritized

as high and some of moderate priority in the three phases of

mining. Target 6.1 was prioritized as very high in all the

three phases of mining because most mining communities

are located in rural areas with little or no safe drinking

water. Therefore, a mining company can make provision

for safe drinking water to a community as part of its cor-

porate social responsibility thereby achieving this target.

Target 6.3 has zero priority at the pre-mining phase

because at this phase, there is little use of hazardous

chemical and there is less water pollution and drilling mud

that is used during exploration activities can cause con-

tamination but it can easily be controlled (Ashton et al.

2001). However, it is rated 5 both during the mining and

post-mining phases because in these phases, there are dif-

ferent types of pollution from waste water, tailing ponds,

chemicals, and heavy metals which affect water quality

(Masliyah et al. 2004; Gosselin et al. 2010), therefore, it

should be considered as very important.

Target 6.4 was prioritized as zero at the pre-mining

phase because mine prospecting and exploration require

little water usage; however, it was prioritized as 5 and 4 at

both the mining and the post-mining phase, respectively.

This target was highly prioritized at these phases because

oil sands processing requires a large volume of water, and

mining companies must be able to recycle the water from

tailing ponds in order to reduce the amount of fresh water

intake thereby ensuring water-use efficiency (Masliyah

et al. 2004; Gosselin et al. 2010). Target 6.5 was prioritized

as 3 at pre-mining phase, 4 at the mining phase, and 3 at the

post-mining phase. It was prioritized as high at the mining

phase because at this phase, water resource is usually

affected by most mining operations (Ashton et al. 2001);

hence, the prioritization of this target at this phase will

ensure efficient management of water resources within the

mine site. Target 6.6 was prioritized as zero at both the pre-

mining and mining phases and rated five in the post-mining

phase, because water ecosystem is usually affected during

the mining phase; hence, after mine closure, it is the

responsibility of a mining enterprise to protect and restore

the water ecosystem (Gosselin et al. 2010). Target 6.b

prioritized as 3 in both the pre-mining and mining phases

and rated 5 in the post-mining phase. It was prioritized as

very high at the post-mining phase, because at this phase,

the community can work with the mining company to

ensure the improvement of the contaminated water that is

stored on site. In general, the priority of a target therefore

has major influence on the prioritization of its goal.

Analysis of linkages between proposed conditions,

SDGs, and their targets

The responses from the questionnaire, which are the pro-

posed conditions as shown in Table 5, were analyzed to

Table 2 The 17 sustainable development goals (SDGs) and the 169 targets (UNDP 2016)

SDGs Titles Targets

1 No Poverty 1.1; 1.3; 1.4; 1.5; 1.a; 1.b

2 Zero Hunger 2.1; 2.2; 2.3; 2.4; 2.5; 2.a; 2.b; 2.c

3 Good Health and Well-being 3.1; 3.2; 3.3; 3.4; 3.5; 3.6; 3.7; 3.8; 3.9; 3.a; 3.b; 3.c; 3.d

4 Quality Education 4.1; 4.2; 4.3; 4.4; 4.5; 4.6; 4.7; 4.a; 4.b; 4.c

5 Gender Equality 5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.a; 5.b; 5.c

6 Clean Water and Sanitation 6.1; 6.2; 6.3; 6.4; 6.5; 6.6; 6.a; 6.b

7 Affordable and Clean Energy 7.1;7.2; 7.3; 7.a; 7.b

8 Decent Work and Economic Growth 8.1; 8.2; 8.3; 8.4; 8.5; 8.6; 8.7; 8.8; 8.9; 8.10; 8.a; 8.b

9 Industry, Innovation, and Infrastructure 9.1; 9.2; 9.3; 9.4; 9.5; 9.a; 9.b; 9.c

10 Reduced Inequalities 10.1; 10.2; 10.3; 10.4; 10.5; 10.6; 10.7; 10.a; 10.b; 10.c

11 Sustainable Cities and Communities 11.1; 11.2; 11.3; 11.4; 11.5; 11.6; 11.7; 11.a; 11.b; 11.c

12 Responsible Consumption and Production 12.1; 12.2; 12.3; 12.4; 12.5; 12.6; 12.7; 12.8; 12.a; 12.b; 12.c

13 Climate Action 13.1; 13.2; 13.3; 13.a; 13.b

14 Life Below Water 14.1; 14.2; 14.3; 14.4; 14.5; 14.6; 14.7; 14.a; 14.b; 14.c

15 Life on Land 15.1; 15.2; 15.3; 15.4; 15.5; 15.6; 15.7; 15.8; 15.9; 15.a; 15.b; 15.c

16 Peace, Justice, and Strong Institutions 16.1; 16.2; 16.3; 16.4; 16.5; 16.6; 16.7; 16.8; 16.9; 16.10; 16.a; 16.b

17 Partnerships for the Goals 17.1; 17.2; 17.3;17.4; 17.5; 17.6; 17.7; 17.8; 17.9; 17.10; 17.11; 17.12;

17.13; 17.14; 17.15; 17.16; 17.17; 17.18; 17.19
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determine the perception of the community on mining

activities and ways it could affect their lives. Table 5 shows

the responses of the three communities on their basic needs

from the mining company and their expectations from

mining operations.

An approach involving the interlinkage of the prioritized

targets with the proposed conditions (in Table 5) is adopted

as shown in Fig. 1, which was analyzed to see the targets

that are of utmost important. A mapping of the proposed

conditions was done against the 17 SDGs and the 55 rel-

evant targets. For example, targets 1.1, 1.5, and 8.3 were

considered most relevant to this proposed condition, which

is ‘‘job creation,’’ and the other targets were considered and

linked to their relevant proposed conditions.

Figure 1 shows that the proposed condition ‘‘restoration

of degraded and polluted areas’’ and ‘‘Safe operations’’

have the highest number of related targets, and they both

have 13 related targets. Targets related to achieving

‘‘restoration of degraded and polluted areas’’ are targets

2.3; 2.4; 2.5; 6.6; 8.4; 12.4; 14.2; 14.3; 15.1; 15.2; 15.3;

15.5; and 15.b. Targets related to achieving ‘‘Safe opera-

tions’’ are targets 3.9; 6.3; 6.4; 6.5; 8.8; 12.2; 12.4; 12.5;

13.1; 14.1; 14.2; 14.3; and 14.c. The related goals for these

targets are SDGs 2, 6, 8, 12, 13, 14, and 15.

The proposed condition with the next highest number of

related targets, which is 10 is ‘‘transparency in operations.’’

The related target include target 3.d; 6.5; 6.b; 12.2; 12.6;

12.8; 13.1; 14.1; 16.6; and 16.10. The related goals for

these targets are SDGs 3, 6, 12, 13, 14, and 16. This sig-

nifies that the mining enterprise should place more rele-

vance on these proposed conditions in order to achieve

these targets, thereby achieving the goals. At the bottom of

the list are community participation in decision-making,

provision of health care, and protection of cultural heritage,

and they have just one related target each.

A mining enterprise, community, and environmental

governing body can achieve these targets if there are

appropriate planning and implementation of environmental

laws. ‘‘Restoration of degraded and polluted areas’’ as a

proposed condition can be accomplished by abiding and

following the rules of ecosystem management, environ-

mental management, and increase agricultural productivity.

‘‘Safe operations’’ can be achieved through waste man-

agement, management of natural resources, and the inclu-

sion of secure and safe working operations. ‘‘Transparency

in operations’’ can be achieved if the mining company can

educate the communities and stakeholders about the

impacts (positive and negative) of mining operations.

DISCUSSION

Key findings on prioritization of targets

among mining phases

There is no direct relationship between the number of

relevant targets in a goal and its prioritization. The priority

of a target may vary when it is being considered for the 3

different mining phases. Achieving a target in a goal is

indirectly achieving the goal to an extent. A target may

have a very high priority in the pre-mining phase and will

have a low priority in the post-mining phase; however, this

does not refute the fact that the relevant targets can serve as

a guide toward achieving the related goals.

Prioritized targets under SDG 16, 12, and 1 were of very

high and high priorities, each perceived to have high

impacts and peculiarities in the three phases of mining.

Interestingly, Allen et al. (2019) used a multi-criteria

analysis to prioritize SDG targets and based on their

results, targets under SDG 16, 12, and 1 were among the

highest scoring target. The top four prioritized targets in

this research cover governance issues, which include

reduction in corruption and bribery, accountability and

transparency of institutions, access to information, and

protection of fundamental rights. The targets were deemed

very important at all the three phases of mining. This is

because the community expects the mining enterprise to

maintain peace and justice through responsible production

and consumption of the natural resource thereby ensuring

Table 3 The 17 sustainable development goals (SDGs) and the rel-

evant targets for oil sands mining

SDG Titles 55 Relevant targets

1 No Poverty 1.1; 1.3; 1.4; 1.5

2 Zero Hunger 2.3; 2.4; 2.5; 2.a

3 Good Health and Well-being 3.8; 3.9; 3.d

4 Quality Education 4.1; 4.4

5 Gender Equality 5.a

6 Clean Water and Sanitation 6.1; 6.3; 6.4; 6.5; 6.6;

6.b

7 Affordable and Clean Energy 7.1

8 Decent Work and Economic Growth 8.3; 8.4; 8.6; 8.8

9 Industry, Innovation, and

Infrastructure

9.1

10 Reduced Inequalities 10.3

11 Sustainable Cities and Communities 11.1; 11.4

12 Responsible Consumption and

Production

12.2; 12.4; 12.5; 12.6;

12.8

13 Climate Action 13.1; 13.2; 13.3

14 Life Below Water 14.1; 14.2; 14.3; 14.c

15 Life on Land 15.1; 15.b; 15.2; 15.3;

15.5

16 Peace, Justice, and Strong

Institutions

16.1; 16.5; 16.6; 16.7;

16.10

17 Partnerships for the Goals 17.7; 17.15; 17.16; 17.17
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Table 4 Priority rating of targets across the 3 mining phases using Eq. 1

SDGs Target 

Pre-mining Mining Post-Mining Number 
of 

Targets

Priority 
Rate (PR)

Priority 
Category 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 

SDGs Target Pre-mining Mining Post-Mining Number 
f

Priority 
Rate (PR)

Priority 
Category

SDG1 No 
Poverty

1.1 5 3 1

4 3.67 High1.3 5 4 3
1.4 5 5
1.5 3 5 5

SDG2 Zero 
Hunger

2.3 5

4 1.33 Very low
2.4 5
2.5 3
2.a 3

SDG3 Good 
Health & 
Well-being

3.8 5 3
3 3.22 Moderate3.9 5 4

3.d 4 4 4
SDG4 Quality 
Educa�on

4.1 4
2 2.33

Low
4.4 5 5

SDG5 Gender 
Equity 5.a 3 4 1 2.33 Low

SDG6 Clean 
Water & 
Sanita�on

6.1 5 5 5

6 3.33 Moderate 

6.3 5 5
6.4 5 4
6.5 3 4 3
6.6 5
6.b 3 3 5

SDG7 
Affordable & 
Clean Energy

7.1 3 4 2 1 3.0 Moderate

SDG8 Decent 
work & 
Economic 
Growth

8.3 5 4 2

4 2.83 Moderate
8.4 5
8.6 4 5 2
8.8 1 5 1

SDG9 
Industry, 
Innova�on & 
Infrastructure

9.1 4 4 1 2.67 Moderate

SDG10 
Reduced 
Inequality

10.3 3 3 1 2.0 Low

SDG11  
Sustainable 
Ci�es & 
Communi�es 

11.1 5
2 1.5 Low

11.4 4 

SDG12 
Responsible 
Produc�on & 
Consump�on

12.2 5 5 5 

5 4.0 High
12.4 5 5
12.5 3 5 3
12.6 5 5 5
12.8 4 4 1

SDG13 
Climate 
Ac�on

13.1 1 3 4 
3 2.67 Moderate13.2 1 2 4

13.3 4 2 3 

SDG14 Life 
Below Water

14.1 5 5 

4 3.33 Moderate
14.2 5 5 
14.3 5 5 
14.c 5 5

SDG15 Life on 
Land

15.1 5
5 2.53 Moderate15.b 5 5

15.2 5 

SDGs Target Pre-mining Mining Post-Mining Number 
f

Priority 
Rate (PR)

Priority 
Category

15.3 5 

15.5 5 3 5 

SDG16 Peace,  
Jus�ce & 
Strong 
Ins�tu�ons

16.1 5 5 

5 4.67 Very high
16.5 5 5 5 
16.6 5 5 5 
16.7 5 5 5

16.10 5 5 5

SDG17 
Partnership 
for the Goal

17.7 4 1 

4 3.0 Moderate
17.15 5 5 5 
17.16 3 3 1 
17.17 3 3 3 

PRIORITY ≈5 = Very High; ≈4= High; ≈3 = Moderate; ≈2 
= Low; ≈1 = Very Low 55
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Table 5 Result summary of the interviews carried out in the oil sands communities of Ondo State

Name of community and number of people interviewed Mulekangbo (40) Ilubirin (30) Mile 2 (30)

Occupation Farming/fishing (40)

Students (0)

Farming/fishing (24)

Students (0)

Farming/fishing (26)

Students (2)

Others (0) Others (6) Others (2)

What would you like the company to do for you?

(Proposed Conditions)

Infrastructure Yes (40) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (0) Neutral (0) Neutral (0)

Housing Yes (35) Yes (27) Yes (29)

No (5) No (3) No (1)

Neutral (0) Neutral (0) Neutral (0)

Jobs Yes (30) Yes (30) Yes (30)

No (8) No (0) No (0)

Neutral (2) Neutral (0) Neutral (0)

Health care services Yes (36) Yes (30) Yes (30)

No (2) No (0) No (0)

Neutral (2) Neutral (0) Neutral (0)

Water facilities Yes (34) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (6) Neutral (0) Neutral (0)

Schools and vocational canters Yes (32) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (8) Neutral (0) Neutral (0)

Decisions about impacts of mining activities on the

communities (Proposed Conditions)

Ensure safe operations Yes (40) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (0) Neutral (0) Neutral (0)

Compensation on farmlands Yes (40) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (0) Neutral (0) Neutral (0)

Restoration of degraded and polluted areas Yes (40) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (0) Neutral (0) Neutral (0)

Community representation in decision-making process Yes (34) Yes (24) Yes (22)

No (6) No (5) No (6)

Neutral (0) Neutral (1) Neutral (2)

Transparency of operations Yes (40) Yes (30) Yes (30)

No (0) No (0) No (0)

Neutral (0) Neutral (0) Neutral (0)

Pre-mining activities would affect your source of

livelihood.

On what terms would accept to give this up?

Compensation (39) Compensation (30) Compensation (28)

Freewill (1) Freewill (0) Freewill (2)

Neutral (0) Neutral (0) Neutral (0)

Because your community sits on the resource there

might be a relocation. On what terms would you

accept to relocate?

Provision of housing (40) Provision of housing (26) Provision of housing (27)

Not leaving (0) Not leaving (4) Not leaving (3)

Neutral (0) Neutral (0) Neutral (0)

Pre-mining operation might affect your source of water,

what would you like the company to do?

Boreholes (32) Boreholes (21) Boreholes (4)

Compensation (8) Compensation (9) Compensation (25)

Neutral (0) Neutral (0) Neutral (1)
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there are economic progress and reduced poverty among

the people, which is important for achieving multiple SDG

targets.

Conversely, SDG 2 prioritized as ‘‘very low,’’ SDG 11

and SDG 10 prioritized, as ‘‘low’’ are the least prioritized

among the goals. This is because targets 2.3; 2.4; 2.5; 2.a;

10.3; 11.1; and 11.4 were only relevant at one phase of the

mining operations and not throughout the 3 mining phases.

Targets 10.3 that was relevant for the pre-mining phase and

mining phase was of moderate relevancy at these phases

thereby affecting the prioritization of the goal.

The three phases of mining are interlinked, for example,

the mining phase may have to go ahead on its operation

because the result from the pre-mining phase shows that

the minerals are economically viable to mine, resulting to

various social and environmental impacts on the commu-

nities (Pimentel et al. 2016). The results show that there is

need for environmental and ecosystem management (Tar-

gets 6.6, 13.1; 14.2, 14.3, 15.1, 15.2, 15.3, 15.5, and 15.b)

after mineral exploitation. This is crucial for the promotion

and implementation of sustainable management of all

ecosystems and reduction in the adverse impacts of mining

activities on the community. Environmental management

(Targets 8.4 and 12.4) is a crucial aspect of the life cycle of

a mine to ensure sustainable exploitation of resources in

order to reduce the amount of pollutants released into the

air, water, and soil while achieving economic growth

(Alekseenko et al. 2017). Increase agricultural productivity

(Targets 2.3, 2.4., and 2.5) should be the focus during the

mine restoration in ensuring that indigenous people

implement agricultural practices that help increase yield

through managed and diversified seed and plant bank

which can in turn help to maintain the ecosystems (Sheoran

et al. 2010; Alekseenko et al. 2017).

During mining, relocating the community to a new area

is done to maintain peace and compensations are given for

farmland destructions, which brings justice to affected

members (Apeakoran 2014). In ensuring safe operations,

mining enterprise should focus on waste management

(Targets 6.3, 12.4, and 12.5) to reduce the amount of waste

generated. Management of natural resources (Targets 6.4,

6.5, 12.2, 14.1, 14.2, 14.3, and 14.c) is equally important

for the reduction in the number of people suffering from

water scarcity, reduction in marine pollution from land-

based activities, and enhancing conservation of natural

resources. In addition, secure and safe working operations

should be practiced (Targets 3.9 and 8.8) to reduce the

number of illnesses and deaths.

The opinion-based conditions indicate that ‘‘community

participation in decision-making’’ and ‘‘protection of cul-

tural heritage’’ have the lowest numbers of linked targets

and goals for the proposed conditions. This can be inter-

preted to mean that although ensuring the participation and

representation of the community at all stages of mining is a

crucial factor in decision-making, transparency of all

operations would already serve to meet this need hence, its

limited linkages with goals and target. Furthermore, con-

servation of natural and cultural heritage may also be

deemphasized because of the inevitable destruction of the

environment to allow for mining operations in the

community.

Proposed conditions, SDGs, and their targets

Figure 1 provides a picture of the interlinkages; it shows

the 14 proposed conditions and the number of targets to

which they are linked. It also provides a perspective by

showing the strengths of the links among the targets and

the proposed conditions goals. The thicker the nodes on a

proposed condition, the more targets are linking the two

goals. The proposed conditions, SDGs, and their targets

can be seen as a network, in which links among goals exist

through targets. In this analysis, the proposed conditions

were represented by nodes and SDG targets by arrow

heads, both with different colors. The line color shows the

SDG targets to which the proposed condition is related.

The size of the node is proportional to the number of

proposed condition–targets connections. Using network

analysis techniques, it was shown that these targets are not

equally connected to the proposed conditions as some were

strongly connected through multiple proposed conditions,

while other were weakly connected.

Furthermore, these proposed conditions are particularly

relevant for a smooth mining operating within a country

because it addresses challenges presented by mining

impacts. For example, the proposed condition ‘‘reduced

violence, corruption, and bribery’’ can be achieved if peace

and justice are strongly maintained within the mining

communities, which is the focus of targets in SDG 16.

Corruption and bribery often lead to community–company

conflict (Omotehinse and De Tomi 2020). Mining compa-

nies can contribute to these targets by reducing illegal

financial flows through transparency of operations (Njie

2015) and ensure they support peaceful communities by

reducing company–community conflict. The proposed

conditions ‘‘job creation’’ and ‘‘establishment of schools

and vocational centers’’ go hand in hand, which can help in

achieving targets 4.1 and 4.4. This can partially be

achieved during the pre-mining phase because the mine is

not fully in operation; however, it can majorly be achieved

during the mining phase when the mine is fully in opera-

tion. Investment in technical, vocational and educational

training programs can be done to help the local commu-

nities (Sonesson et al. 2016). The less educated can be

employed as skilled workers in the local community.

Jobless youths can cause unnecessary protests and violence
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in the mine environment, for example, a mining company

employing other workers without considering the local

communities could cause protests and violence.

The mining companies can work together with the

government to achieve the proposed condition ‘‘health

services’’ by building hospitals with proper health care

facilities to areas that lack them which can help in

achieving target 3.8. Health risk is usually associated with

the mining phase, because mining activities may result in

health risk like cardiovascular and respiratory diseases and

tuberculosis due to silica dust exposure. The proposed

condition ‘‘compensation’’ is important during the pre-

mining phase where there will be deforestation; this could

lead to loss of job. Compensating the farmers helps in

achieving targets 1.1, 1.3, and 1.5. The proposed condition

‘‘provision of water,’’ ‘‘basic infrastructure,’’ and ‘‘provi-

sion for housing facilities’’ in case of relocation are seen as

part of the company’s corporate social responsibilities and

this will bring some development to the community and

thereby achieving the targets.

CONCLUSION

Recent literature shows that the implementation of the

SDGs within the mining industry is still a challenging topic

and this has led to researchers taking an analytical

approach toward the adaptation of the SDGs in their dif-

ferent applications. Hence, the identification of the linkages

between the SDGs, the associated targets, and the mineral

industry sectors is a crucial task to be undertaken prior to

any SDG implementation strategy. This research has

focused on the SDG linkages in oil sands mining sector and

the findings have identified that 55 out of the 169 SDG

targets are relevant for this sector. The relationship

between the number of relevant targets in a goal and its

prioritization depends on the interpretation of each SDG

target context.

Improving on screening results by the authors and

reports, such as International Council on Mining and

Metals (ICMM 2010, 2012), The Atlas (Sonesson et al.

2016) and Mining, Minerals and Sustainable Development

Project (Mining 2002), the 55 identified targets were pri-

oritized in the three phases of mining according to their

relevance in each phase. The priority rating (PR) of the

targets under each phase of mining was assessed according

to the influence on the goal in the three phases of mining.

For the oil sands case, SDGs 1, 12, and 16 were found to

have high or very high PR because of the relevancy of their

targets throughout the three phases of mining. On the other

hand, SDGs 3, 6, 7, 8, 9, 13, 14, 15, and 17 had moderate

PR because the targets under them were relevant in only

two phases of mining or had moderate ratings throughout

the three phases of mining. Finally, SDGs 2, 4, 5, 10, and

11 had low or very low PR because the targets under them

were only relevant in one or two phases of mining or they

have low or moderate relevance in two or three phases of

mining according to the appraisal of the proposed condi-

tions for oil sands mining. The results indicate that targets

with high relevance in the 3 phases of mining should be

given high consideration when establishing the governance

Fig. 1 Linkage between proposed conditions, SDGs, and their targets
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principles among companies, communities, and

stakeholders.

In addition, the high correlation between the proposed

conditions and targets based on the bipartite analysis pro-

posed in this research proves that the people’s opinion has

significant relevance in the PR. More so, in the specific

case of the oil sands deposits in Ondo state, Nigeria,

mining will be welcomed in the communities if the mining

companies will accept that mining operations will be car-

ried out safely and the impacted areas will be restored

properly. Engaging relevant stakeholders and prioritizing

their opinion in policy planning can also significantly

contribute to the achievement of SDGs and targets in this

communities. Hence, future mining operation will have a

robust environmental governance framework to follow,

which will meet the stakeholders expectations in a bal-

anced fashion.
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