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Abstract

In all mining communities, mining is one of the major economic activities affecting the gross domestic
product (GDP). Energy supply plays a vital role in numerous industries, including mining, transportation,
construction, and industries. With the increase in the world population, the demand for minerals is growing,
and this increase in demand causes an increase in energy consumption in the activities of exploration,
extraction, exploitation, processing, smelting, and refining of minerals. One of the challenges of mining today
is that many mines are located in remote areas and far from urban areas, which has increased the dependence
of mining on fossil energy. However, using renewable energies such as solar and wind energy in mining
activities is possible, which can help reduce this dependence and provide sustainable energy in this industry.
This article examines renewable energy's challenges, opportunities, and effects on sustainable development
indicators in mining activities. It has also provided a strategic management plan for using renewable energy in
mining using the SWOT method. The results showed that despite the many opportunities that these
technologies create in mining, there is a need for more studies to introduce and implement them. Also, the
results showed that the use of renewable energy in mining has a positive effect on sustainable development
indicators. Therefore, an aggressive strategy (maximizing the strengths to take maximum advantage of the
created opportunities) is proposed as a solution that can help achieve sustainable development goals in the
mining industry. In general, using renewable energy in mining not only helps mines diversify their energy
sources but also helps increase efficiency and reduce negative effects on the environment. This technology
benefits the economy and society and can help achieve sustainable development in the mining industry..
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1- Introduction

The mining industry comprises five major stages: exploration, extraction, exploitation, processing,
and refining. It is one of the key and basic industries supplying raw materials for many industries,
including transportation, construction, aerospace, high-tech technology, energy, and mining. Max
Planck, a prominent German physicist of the 19th and 20th centuries, declares, “Mining is not
everything, but without mining, everything is nothing.” It is predicted that owing to the growing world
population and the inclination of numerous low-income countries to reach the per capita income
levels of middle-income countries, the demand for minerals will considerably be augmented
(Pouresmaieli and Osanloo 2019b). Nowadays, developed countries have devoted more attention to
mineral recycling. However, the critical role of the mining industry as the main source of raw material
production is indisputable. (Jandieri 2022). Mineral production is regarded as one of the most
significant indicators of economic growth in various countries. (Pouresmaieli and Osanloo 2019a).
More energy is needed to produce the required materials because of an increase in the demand for
raw materials and a decrease in high-grade resources. More energy consumption potentially boosts
the amount of greenhouse gas emissions. (Strazzabosco, Gruenhagen, and Cox 2022), which signifies
the adverse impacts of mining activities on the environment. Therefore, exploring and identifying and
identifying these environmental effects and taking measures to eliminate them is paramount.
Optimum energy consumption in the mining processes (from the extraction of minerals to the
production of products), the use of renewable energy, and the absorption of carbon released from
mining operations are among the influential strategies in lessening energy consumption and
greenhouse gas emissions and, consequently, declining environmental pollution. To this end,
combining renewable energies and overcoming the challenges of integrating this technology into the
mining industry is necessary.

Energy consumption for mineral extraction is of two types: off-grid and grid-connected. In plenty
of mines, most energy is supplied by off-grid plants. Depending on the kind of fossil fuels used in
these mines, diesel, heavy oil, or coal is burnt to manufacture and transport minerals in the mineral
extraction stage (Igogo et al. 2020). Nevertheless, grid-connected mining operations partially rely on
fossil fuels. The grid provides the least costly energy source for mining operations in the mining sites
where the grid is available. However, many countries with unreliable grid sources have to utilize
backup energy sources generally powered by fossil fuels in mining sites, which raises production
costs.

The present study investigates the opportunities and challenges of using renewable energies in
mines. It also detects efficient strategies to create a suitable platform for integrating renewable
energies in the mining industry using the sustainable development approach. To this end, the SWOT
strategic approach was adopted to make the most appropriate decisions about applying renewable
energy in mining. The second section of this study illustrates the challenges raised in the mining
industry and the issues associated with energy supply. Sections 3 and 4 address the challenges and
opportunities of using renewable energy in mining. Section 5 presents how the SWOT strategic
management model was employed to determine the most effective strategy for incorporating
renewable energy in mining operations. Section 6 discusses the results and conclusions of the
investigation.

2- Methods

In this section, a strategic approach is presented to identify an appropriate strategy for the use of
renewable energy in mining. To this end, the SWOT analysis was adopted to detect internal strategic
factors (strengths and weaknesses) and external strategic factors (opportunities and threats). Four
guestions were constructed to identify internal and external strategic factors. Based on the responses
to these questions, the SWOT matrix was formed. In the next step, the Internal Factor Evaluation
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(IFE) and External Factor Evaluation (EFE) methods evaluated all the specified strategic factors. The
strategic position for renewable energy use was then located in the Internal-External (IE) matrix.
Eventually, the most appropriate strategies for using this new mining technology were introduced by
considering the identified position.

The IFE matrix is a strategy tool utilized to quantitatively evaluate internal strategic factors in the
SWOT method. First, the relative weight of each internal strategic factor is calculated using IFE
analysis. To do this, the importance of each internal factor is initially determined on a scale of 1 to 5
(1= low importance and 5= high importance) using experts’ opinions. After that, the obtained value
for each factor is normalized using Eq 1 (Tahernejad, Ataei, and Khalokakaei 2013). The average
score of each internal factor is then calculated as the relative weight of that factor.

. W —_ MVIF,
@) Fi = yn (MVIF)

where MVIF;ls the average value of the importance of internal strategic factor i and Wiz, represents
the relative weight of internal factor i. The weight of each factor reflects its importance relative to
other internal factors, and the sum of these weight values is equal to 1. Based on Table 1, the experts
assign 1 or 2 to each weak factor and 3 or 4 to each strong factor. The weight score of each factor is
computed using Eq 2. Afterward, the overall weight of the internal factors is measured through Eq 3.

Table 1. Description of scores for internal and external strategic factors (David and David 2016)

Score Definition of internal factors Definition of external factors
1 Major weakness Major Threat
2 Minor weakness Minor Threat
3 Minor strength Minor opportunity
4 Major strength Major opportunity
) WSz, = Wi, X Sig,
® WS = > Wi, X Sir)

i=1

where WSz, Sir,, TWS;r are the weight score of internal factor i, the score of internal factor i,
and the weight score of all the internal factors. As the TW S, the value ranges from 1 to 4, and the
average value is 2.5. When the TWS,; value is less than 2.5; weaknesses outweigh strengths.
Conversely, the TW S, value above 2.5 indicates the superiority of strengths over weaknesses (David
and David 2016).

The EFE matrix analyzes external strategic factors quantitatively. The calculation of EFE is similar
to that of IFE. The only difference is that in EFE, external factors (e.g., opportunities and threats) are
considered in the analysis. The relative weights of external factors are calculated using Eq 4.

MVEF;

@) Wip, = e s
7 Lj(MVEE)
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where M cap V cap E cap F ,end base ,sub j is the average value of the importance of external
strategic factor j,and cap W sub ,subscript base ,cap E cap F ,end base ,sub j ,end subscript represents
the weight of external factor j. The weight of each factor shows its relative importance relative to other
external factors. The sum of these weight values equals 1. Based on Table 1, experts give values 1 or 2 to
each threat factor and 3 or 4 to each opportunity factor. The weight score of each factor is calculated via
Eq 5. Then, Eq 6 is used to compute the overall weight of the internal factors.

) WSEFj = Wgp; X SEFj
n
©) TWSgr = Z(WEFJ- X SEFj)
=1

where WSgr;, TWSgr, and TWSgr denote the weight score of external factor j, the score of

external factor j, and the weight score of all the external factors, respectively. The TW S value is in
the range of 1 to 4. Thus, the average TW Sy value is 2.5. The TW Sggvalue less than 2.5 reveals that
threats outweigh opportunities, whereas the TWSgr value above 2.5 signifies the superiority of
opportunities over threats (David and David 2016).

The IE matrix is utilized to determine a suitable strategic position for renewable energy use in
mines (Fig. 6). It simultaneously assesses external and internal strategic factors. TWS,r and TW Sgg
are the horizontal and vertical axes of the IE matrix, respectively.

3- Findings and Argument

After data collection from the experts, the SWOT matrix was constructed, and the TWS, and
TW Sgr values were calculated through Eq 1 to 6. The results of the IEF and EFE matrices are reported
in Table 2. Values in Table 2 were rounded to 3 decimal places.

Table 2. Results of IFE and EFE matrices for renewable energy use in mining

IFE Matrices EFE Matrices
IFC | Wy, | IFC | Wi, | IFC | Wig, | IFC | Wig, | IFC | Wi,
S1 ({0097 4 10387 | 3 O1 | 0.067 4 0.267 | 2.73
S2 | 0161 | 4 |0.645 02 | 0.017 3 0.050
S3 | 0.065| 3 |0.194 03 | 0.050 4 0.200
S4 10129 | 4 |0.516 04 | 0.050 4 0.200
S5 (0194 | 4 |0.774 O5 | 0.083 4 0.333
W1 |0.065| 1 | 0.065 06 | 0.067 4 0.267
W2 (0.032| 1 |0.032 O7 | 0.083 4 0.333
W3 (0129 | 1 |0.129 T1 | 0.050 2 0.100
W4 (0129 | 2 | 0.258 T2 | 0.067 2 0.133
T3 | 0.050 2 0.100
T4 | 0.083 2 0.167
T5 | 0.033 1 0.033
T6 | 0.083 2 0.167
T7 | 0.083 2 0.167
T8 | 0.033 2 0.067
T9 | 0.050 1 0.050
T10 | 0.050 2 0.100

As seen in Table 2, the integration of renewable energy in mining is located in Part Il, i.e., the
aggressive strategy. Therefore, all the strengths of this technology should be considered in order to
take advantage of the opportunities created in the mining industry.
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Given the position of the strategy obtained from the SWOT analysis for including renewable
energy in mining, Table 3 presents the appropriate strategies for using this technology in the mining
industry.

Table 3. Suitable strategies for using renewable energy in mining using results of SWOT analysis

Strength (S) Opportunities (O) Strategies based on (SO) approach
03: Creation of new jobs
in the mining industry
S5: Alignment with O6: Possibility of creating

SO1.: Creating the necessary platform for training
specialists and updating the educational system of

sustalna}ble_ development a two-way economy universities to enhance knowledge on the benefits
indicators between the mining and
of renewable energy use
renewable energy
industries
S4: Elimination of
greenhouse gas O7: Pressure from the SO2: Modifying management plans and setting
emission international community effective policies; Granting long-term facilities
S5: Alignment with to reduce greenhouse with low-interest rates and providing tax
sustainable development gases exemptions for the use of this technology
indicators

O2: Possibility of selling

S2: Cost-effectiveness surplus production to the
of renewable energy use | national electricity grid

S3: Minimization of O5: Reduction of cut-off

SO3: Developing new regulations on the
purchase of surplus energy by the government to
support renewable energy producers; making

economic uncertainty grade in mines by e S T
. . . necessary modifications in the mining laws and
caused by fluctuations removing fossil fuel . -
. ; . . regulations of countries.
in fossil fuel prices energy and using

renewable energy
O1: High capacity of the S04: Using all available capacities in mines to

mining industry for construct inclusive mining sites (operating all
S1: High production renewable energy use mining processes from extraction to processing)
capacity 0O4: Possibility of using to make maximum use of this technology and
renewable energy in all meet the demands of consumers in case of a lack
stages of mining of energy.

O1: High capacity of the
mining industry for
renewable energy use
03: Creation of new jobs
in the mining industry
0O4: Possibility of using
renewable energy in all
stages of mining
O5: Reduction of cut-off
grade in mines by
removing fossil fuel
energy and using
renewable energy

S1: High production
capacity
S3: Minimization of
economic uncertainty
caused by fluctuations
in fossil fuel prices
S4: Elimination of
greenhouse gas
emission
S5: Alignment with
sustainable development
indicators

SO5: Change attitudes in macro-policy of mining
in countries and create new regulations to replace
fossil energy with renewable energy in mining.
S06: Developing essential regulations to make
renewable energy use obligatory for miners in the
medium term

4- Conclusions

Although there is great potential for using renewable energy in mines, the ratio of renewable
energy consumption to the total energy consumption in the mining industry is still very low. This
issue will be thoroughly explained in this section. By discussing the opportunities and obstacles of
integrating renewable energy in mining sites with mining experts and stakeholders, effective and
practical solutions for eliminating this sector's challenges can be identified.
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Applying renewable energy in mining operations would shift the energy consumption pattern of
mines from fossil energy use to renewable energy use. This transition would alter some political and
social issues at local and international levels. For example, on the one hand, using renewable energy
would eliminate some traditional jobs and allow the emergence of other jobs and skills associated
with renewable energy technology. This change is more tangible in countries where mining activities
are more prevalent and consume more energy. In these countries whose economies heavily rely on
mining operations, altering energy consumption patterns transfers substantial resources from the
fossil fuel supply chain to the renewable energy supply chain. Depending on the country, the domestic
fossil fuel supply chain may not be economically justifiable compared to the renewable energy supply
chain that relies heavily on imports. In such cases, the political will of the countries plays a critical
role in replacing fossils.

The strategic analysis of renewable energy use in the mining industry has revealed that this
industry can bring internal and external benefits. Due to the strengths of this technology, its
application in the mining industry can provide external opportunities. Moreover, by focusing on the
strengths of renewable energy use, mining stakeholders can take advantage of the possible
opportunities offered by this technology. Therefore, to make most of the strengths of renewable
energy technology for the maximum use of the potential opportunities, the following strategies are
suggested: establishing the necessary platform for training specialists and updating the educational
system of universities to promote knowledge on the utility of renewable energy use; modifying
management plans and setting suitable policies; granting long-term facilities with low interest rates
and providing tax exemptions for the integration of this technology in mining operations; establishing
new regulations on the purchase of excess energy by the government so as to support renewable
energy producers and applying necessary changes in the mining laws of countries; using all the
available capacities of mines and create inclusive mining sites (having all mining activities from
extraction to processing) in order to make maximum use of this technology and meet the needs of
consumers in case of a lack of energy; and changing attitudes in the macro-policy of mining in
countries and making new regulations to replace fossil energy generation with renewable energy
generation in mining operations and make the use of renewable energy in mines obligatory in the
medium term.

Conclusions should include (1) the principles and generalizations inferred from the results, (2) any
exceptions to or problems with these principles and generalizations, (3) theoretical and/or practical
implications of the work, and (5) conclusions drawn and recommendations.
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