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RENEWABLE ENERGY FOR  

SUSTAINABLE MINING 

 
Abstract: Mining industry is known for requiring energy-

intensive processes with significant impacts on the greenhouse 

gas emissions, which represents a major concern to both 

economic competitiveness of the sector and climate change. 

Low carbon sustainable technologies as renewable energy 

sources (RES) are emerging as key opportunities to 

sustainable mining in tandem with climate change challenges. 

However, the use of RES on this sector is still scarce even in 

countries well known for their mining potential and 

availability of renewable energy resources, as is the case of 

Brazil. This research investigates the economic viability of a 

proposed renewable-mining model for a mining company in 

the Northeast region of Brazil. The case of photovoltaic is 

analyzed considering the avoided electricity grid costs as 

potential benefits. The results showed that this renewable-

mining strategy is promising for both PV and storage-PV. 
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1. Introduction   

 

The demand for raw materials has been 

increasing worldwide over the years, despite 

efforts in activities such as recycling (Alves 

et al., 2018). This demand is still expected to 

increase significantly in the coming decades. 

Also the imeddiate effect of the extraction of 

raw materials on the environment has 

increasingly attracted the attention of 

researchers and practitioners. The mining 

industry has been playing a fundamental role 

on supplying raw materials for the society and 

several industries worldwide, although in 

some cases at the expense of the ecosystems 

(Paraszczak & Fytas, 2012). 

Mining activities are known for requiring 

energy-intensive processes which contributes 

to increase the greenhouse gas emissions 

(Hodgkinson & Smith, 2018a). The high 

energy demand represents a complex issue for 

the sector, however, the emerging debate on 

climate change has been placed on the agenda 

putting in evidence the need to reduce energy 

use, and also to promote clean energy options 

usage.  

In this context, the use of renewable energy 

source (RES)  has been considered as a key 

sustainable alternative for mining industries, 

with some international examples already 

demonstrating the suitability of this low 

carbon energy model at industrial level, as for 

the case of Chile (Vyhmeister et al., 2017) 

and Korea (Choi & Song, 2016). 

For the case of Brazil, the mining sector 

represents a valuable economic activity, 

which allied with the countries’ privileged 

access to renewable resources such as solar 

and wind, turns this renewable-mining 

strategy particularly relevant to be 

considered. In fact, studies such as Alves et 

al. (2018) already showed the importance of 

sustainable mining in the country and Dranka 

and Ferreira (2018) clearly shows the high 
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RES potential of the electricity sector. 

However, the mining-energy combination for 

sustainability is yet far from being adequately 

considered.   

In this context, this research has two main 

objectives, firstly, to analyse the importance 

of energy for mining activities and the use of 

different energy sources in the processes; and 

secondly, to attempt for an economic 

evaluation of the possible use of renewable 

energy sources (RES) in the sector using the 

case of a mining company to illustrate this 

approach. 

In order to achieve the objective of this 

research, a review of the relevant existing 

literature was conducted. Then, the case of a 

mining company in the Northeast region of 

Brazil was analyzed. A case study method 

was chosen in order to assess the economic 

viability of the proposed renewable-mining 

strategy under the present market conditions. 

 

2. RES and mining industries: an 

overview of the literature 
 

Over the last decades, the population growth, 

associated with the increasing consumption 

of goods, services as well as trends in 

urbanization, have led to an increase in the 

global demand for raw materials worldwide 

(McLellan et al., 2012). The management of 

economic and environmental have been an 

increasing concern fro business worldwide.  

As result, the mining industries are coming 

under increasing pressure with significant 

impacts on the energy consumption and on 

the greenhouse emission through its 

operations (Hodgkinson & Smith, 2018a). 

These activities are well known as an energy 

intensive industrial sector since extraction of 

ores from deeper levels requires intensive use 

of energy in several stages (Levesque et al., 

2014).  

According to the International Organizing 

Committee for the World Mining Congress 

(Reichl et al., 2017), excluding natural gas 

and petroleum, the countries which figure as 

the biggest players for mining industries in 

the world mineral production are China which 

produces 33.5% of this global production,  

USA 12.0 %, Australia 7.9%,  Russia 7.1%, 

India 6.4%, South of Africa 4.7%, Indonesia 

4.0%, Brazil 2.1%, and Canada 2.0%. These 

countries have been seen as key players on 

supplying raw materials for society 

worldwide.  

Yet, the current literature related to the 

mining sector has been focusing on aspects 

such as relationships between extractive 

industry and development, community and its 

impacts and the social and environmental 

impacts of mining. An example of this 

sustainability perpective for the mining sector 

may be found in Alves et al., (2019). The 

relationship between mining and climate 

change has received limited attention, which 

configures a gap in the literature (Odell et al., 

2018). 

In order to deal with the global challenge of 

mining and energy, initiatives towards a 

carbon neutral through implementation of 

RES by mining industries may become a 

strong priority for industries, scientific 

experts and decision-makers in the coming 

decades. This search for low carbon mining 

will lead companies operating in the sector to 

look forward for energy efficiency measures 

and alternatives for fossil fuels, such as 

renewable energy sources.  

According to Zharan and Bongaerts, (2017) 

the focus on the use of RES by mining 

companies can be seen as an alternative way 

of energy procurement aiming both a lower 

energy cost as well as a clean energy source, 

enabling practices and progress for a 

sustainable mining. 

According to the Word Energy Balances, 

mining industries account for about 4 - 7% of 

the total global energy use. This indicates that 

energy use for mining industries is between 

16 and 27 EJ annually (IEA, 2016). 

Excluding gas, oil, and rock excavation, the 

work developed by Holmberg et al.  (2017) 

shows a similar picture with an estimation of 

energy by these mining industries worldwide 

of about 12 EJ energy per annum.  



 

595 

Considering that mining activities are one of 

the worlds’ largest industrial sector and these 

activities are expected to expand globally, 

these estimations show the importance of this 

industrial sector on regards to energy needs 

and as  well the need for initiatives towards 

clean energy sources (Hodgkinson & Smith, 

2018b).  

Despite of the feasible technologies used to 

generate electricity such as wind or solar 

contribute with lower greenhouse when 

compared with diesel which is the 

conventional source used in mining activities, 

initiatives and strategies towards 

implementation of these low carbon strategies 

are still insipient due to several aspects of 

mining operations.  

The work developed by McLellan et al. 

(2012), highlights that the use of RES for 

mining industries depends on appropriate 

incentives such as regulatory schemes and 

policies, otherwise  in the case of  mining,  the 

use of these technologies by  industries will 

remain difficulty to be adopted. Also Zharan, 

(2016), claims that the implementation of 

RES for mining has several constraints. 

Technological and economic aspects emerge 

as the main challenges faced by the sector.  

On the other hand, Vyhmesiter et al. (2017) 

argue that RES can play a support role on 

mining companies.  These technologies can 

contribute to lower peak costs and even to 

bring energy to remote regions where the 

mines are located. This RES-mining 

combination can be in the long term an 

economically attractive alternative, moving 

on the sector for a reorientation of the 

production system to a sustainable production 

system  (Odell et al., 2018; Choi & Song, 

2017). 

 

3. Materials and methods 
 

This study addresses the case of medium size 

mining company located in the Northeast of 

Brazil, which works on the extraction of 

sheelite mineral. The process includes 

underground extraction activities and 

industrial surface related facilities. Most of 

the intensive electricity consumption 

activities are related to underground 

extraction, including the pumps of water 

exhaustion, winches for hoisting of cars, 

lighting, ventilation and the primary and 

secondary crushing. Underground extraction 

operates 24 hours a day from Monday to 

Saturday.  

The information about the electricity use of 

the company is scarce and came mainly from 

monthly invoices sent by the electricity 

supplier and can be summarized as follows in 

table 1. As shown, a dual-tariff scheme is in 

place with about four hours of the day 

charged as peak period. 

 

Table 1. Summary of electricity use for year 

2016 
 Peak 

time 

Off-peak 

time 

Electricity 

consumption (kWh) 

39208 485918 

Tariff (USD/kWh) 0.397 0.081 

 

This study addressed the case of the possible 

installation of a photovoltaic (PV) system to 

reduce the amount of electricity purchased 

from the grid. Information about the expected 

PV power production was computed from 

www.renewables.ninja platform ((Pfenninger 

& Staffell, 2016) and (Staffell & Pfenninger, 

2016)) which provides monthly and hourly 

data based on the geographical coordinates of 

the location for the PV unit. Figure 1 

describes the monthly electricity 

consumption of the plantand the expected 

load factor for the PV unit. 

As it can be seen, the electricity use on the 

plant remains fairly stable during the year, but 

the PV plant output will reflect the 

seasonality of the local conditions. For the 

calculations, it was assumed that the 

electricity use would also remain stable 

during peak and off-peak periods of the day. 

 

http://www.renewables.ninja/
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                    Figure 1. Electricity use on the plant and load factor for the PV unit 

 

For the economic evaluation study, 3 

scenarios were considered: 

• Scenario 1 – A PV unit of 10 kW 

would be installed, which would 

allow to produce about 3.2% of the 

total needs of the plant or about 

6.5% of the needs to the plant during 

day light. 

• Scenario 2 – A PV unit of 25 kW 

would be installed, which would 

allow to produce about 8.1% of the 

total needs of the plant or about 

16.2% of the needs to the plant 

during day light. 

• Scenario 3 – A PV unit of 25 kW 

would be installed along with a lead-

acid battery storage system with a 

storage capacity of 30 kWh. This 

would allow to storage electricity 

produced during the day to replace 

consumption from the grid during 

peak periods at the end of the day (no 

day light). As in scenario 2, about 

8.1% of the total needs of the plant 

would be met but with higher 

avoided costs (benefits).  

 

 

 

As such, both scenarios 1 and 2 represent a 

technical approach to the problem but 

scenario 3 can already be seen as first 

strategic study to analyze the benefits of the 

dual tariff scheme and its relevance for the 

economic viability of storage systems. The 

economic evaluation, included the 

assessment of the main costs of the PV system 

and storage and the benefits were computed 

as the avoided costs, meaning the electricity 

which would be produced and therefore 

would not be bought from the grid. Table 2 

summarizes the main assumptions of the 

scenarios. 

For the sake of simplicity O&M costs were 

not included in the model. Information on PV 

investment costs was obtained from the report 

of Instituto IDEAL (2018) from a survey in 

Brazil for systems up to 5 kW. It was assumed 

that the value would be valid for the case of 

scenario 1 (10 kW) and that the investment 

cost could be reduced by 10% for the case of 

scenarios 2 and 3 (25 kW) due to some 

economies of scale. The information on the 

lead acid battery system was based on 

Geoffrey et al., (2018) however the 

uncertainty of the information must be 

highlighted given the relative immaturity of 

the stationary storage market for small 

electricity generation systems.  
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Table 2. Key parameters for the scenarios 
 Scenario 1 Scenario 2 Scenario 3 

Installed PV power (kW) 10 25 25 

PV Investment cost (USD/kW) 1385 1247 1247 

PV Life time (years) 25 25 25 

Lead acid storage system (kWh)   30 

Storage cost (USD/kWh)   Pessimistic – 600 

Optimistic - 400 

Storage life (cycles)   2000 

Storage efficiency (%)   85 

Discount rate (%) 5%/10%/15% 5%/10%/15% 5%/10%/15% 

For each one of the scenarios, three 

possibilities were considered for the discount 

rate. The possibility of loans or access to 

public support scheme were not considered.  

 

4. Results and Discussion 
 

The results were analyzed considering a 

discount cash flow approach to compute the 

Net Present Value (NPV) and Internal Rate of 

Return (IRR). Table 3 presents the main 

results for the 3 scenarios. 

From the financial perspective, the results put 

in evidence the importance of the discount 

rate as a fundamental factor for the 

assessment of the economic viability of the 

system. In fact, if a 15% discount rate is 

assumed all options would be economically 

unfeasible. The intra-bank rate in Brazil 

(SELIC), which is used as a reference for 

loans and other economic operations, is 

presently around 6.5% but it has remained 

unstable during the past years 

(https://www.bcb.gov.br/controleinflacao/tax

aselic). As such, the company must address 

this issue as a risk factor to be considered on 

a more detailed analysis. Nevertheless, results 

for 10%, which is already well above SELIC, 

are still positive for scenario 2. 

 

Table 3. Economic evaluation 
 

Scenario 1 Scenario 2 
Scenario 3 

(pessimistic) 

Scenario 3 

(optimistic) 

NPV at 5% (USD) 7557 22356 13755 30451 

NPV at 10% (USD) -63 3305 -7553 4973 

NPV at 15% (USD) -4032 -6616 -18363 -8105 

IRR (%) 9.9 11.4 7.8 11.6 

 

As for scenario 3, it is evident that the cost of 

the storage system is a key aspect to be 

considered in the analysis. The results are 

highly dependent on these values as under a 

pessimistic approach scenario 3 would be the 

worst option for the case of both 10% and 

15% discount rate. It can however become the 

best option, for lower prices of the storage 

system. Studies such as IRENA (2017) 

already point to a promising decline of the 

costs for these lead acid systems and to the 

development of other storage options. This 

scenario underlines the future perspectives 

for the renewable producers which not only 

can benefit from a reduction of their costs but 

can also benefit from the strategic 

management of their PV and storage assets to 

better couple with the dual tariff schemes. 

 

5. Conclusion  
 

Conclusion should present one or more 

conclusions that have been drawn from the 

results and subsequent discussion. This study 

addresses the integration of renewable 

solutions into mining activities, which can be 

https://www.bcb.gov.br/controleinflacao/taxaselic
https://www.bcb.gov.br/controleinflacao/taxaselic
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seen as an important route to increase the 

companies’ competitiveness and contribute to 

meet sustainability objectives. However, 

costs and even the lack of awareness are still 

major barriers which have limited the 

renewables investments.  

This study used a case study, to show how 

using PV system can contribute to reduce 

electricity costs on a mining company in 

Brazil. The economic viability of the system 

is demonstrated and the possibility of using 

renewable-storage-mining strategy is also 

highlighted. For this study only direct 

benefits (measured as avoided costs) were 

considered but aspects related to the 

contribution to the security of supply for the 

company can also be relevant. Moreover, the 

social contributions should not be overlooked 

such as the environmental benefits or even the 

potential impact on regional development and 

job creation that this local renewable-mining 

strategy implemented at large scale can have 

on the region.  

However, some limitations of the study 

should be also pointed out namely the scarcity 

of detailed information that characterizes 

most of these companies. Moreover, the 

analysis is based on cost assumptions 

collected from the literature which must be 

validated by a local study of the plant and of 

the equipment suppliers. Additional costs, 

such as O&M and end of life expenses must 

be considered. The issue of storage cost 

assumptions is particularly important to be 

addressed as it is still a major source of 

uncertainty. 

Acknowledgment: This work has been 

supported by FCT – Fundação para a Ciência 

e Tecnologia within the Project Scope: 

UID/CEC/00319/2019; and CAPES and 

Science Without Borders scholarship, BEX 

Process 10.190-13-9.

 

References: 
 

Alves, W., Ferreira, P., & Araújo, M. (2018). Sustainability awareness in Brazilian mining 

corporations: the case of Paraíba state. Environment, Development and Sustainability. 

https://doi.org/10.1007/s10668-018-0171-6 

Alves, W., Ferreira, P., & Araújo, M. (2019). Mining co-operatives: A model to establish a 

network for sustainability. Journal of Co-Operative Organization and Management, (June 

2017), 0–1. https://doi.org/10.1016/j.jcom.2019.03.004 

Choi, Y., & Song, J. (2016). Sustainable development of abandoned mine areas using renewable 

energy systems: A case study of the photovoltaic potential assessment at the tailings dam of 

abandoned Sangdong mine, Korea. Sustainability (Switzerland), 8(12). 

https://doi.org/10.3390/su8121320 

Choi, Y., & Song, J. (2017). Review of photovoltaic and wind power systems utilized in the 

mining industry. Renewable and Sustainable Energy Reviews, 75(November 2016), 1386-

1391. https://doi.org/10.1016/j.rser.2016.11.127 

Dranka, G. G., & Ferreira, P. (2018). Planning for a renewable future in the Brazilian power 

system. Energy, 164, 496-511. https://doi.org/10.1016/j.energy.2018.08.164 

Hodgkinson, J. H., & Smith, M. H. (2018a). Climate change and sustainability as drivers for the 

next mining and metals boom: The need for climate-smart mining and recycling. Resources 

Policy, (May), 1. https://doi.org/10.1016/j.resourpol.2018.05.016 

Hodgkinson, J. H., & Smith, M. H. (2018b). Climate change and sustainability as drivers for the 

next mining and metals boom: The need for climate-smart mining and recycling. Resources 

Policy, (May), 0–1. https://doi.org/10.1016/j.resourpol.2018.05.016 

 



 

599 

Holmberg, K., Kivikytö-Reponen, P., Härkisaari, P., Valtonen, K., & Erdemir, A. (2017). Global 

energy consumption due to friction and wear in the mining industry. Tribology International, 

115 (February), 116-139. https://doi.org/10.1016/j.triboint.2017.05.010 

IDEAL, I. (2018). The Brazilian Market Of Distributed Solar PV Generation – Annual Report 

2018. Santa Catarina. 

IEA. (2016). World Energy Balances 2016. IEA. https://doi.org/10.1787/9789264263116-en 

IRENA. (2017). Electricity storage and renewables: Costs and markets to 2030. Electricity-

storage-and-renewables-costs-and-markets. https://doi.org/ISBN 978-92-9260-038-9 (PDF) 

Levesque, M., Millar, D., & Paraszczak, J. (2014). Energy and mining-The home truths. Journal 

of Cleaner Production, 84(1), 233-255. https://doi.org/10.1016/j.jclepro.2013.12.088 

May, G. J., Davidson, A., & Monahov, B. (2018). Lead batteries for utility energy storage: A 

review. Journal of Energy Storage, 15, 145-157. https://doi.org/10.1016/j.est.2017.11.008 

McLellan, B. C., Corder, G. D., Giurco, D. P., & Ishihara, K. N. (2012). Renewable energy in 

the minerals industry: a review of global potential. Journal of Cleaner Production, 32, 32-44. 

https://doi.org/10.1016/j.jclepro.2012.03.016 

Odell, S. D., Bebbington, A., & Frey, K. E. (2018). Mining and climate change: A review and 

framework for analysis. Extractive Industries and Society, 5(1), 201-214. 

https://doi.org/10.1016/j.exis.2017.12.004 

Paraszczak, J., & Fytas, K. (2012). Renewable energy sources – a promising opportunity for 

remote mine sites? International Conference on Renewable Energies and Power Quality, 

1(10), 9–9. 

Pfenninger, S., & Staffell, I. (2016). Long-term patterns of European PV output using 30 years 

of validated hourly reanalysis and satellite data. Energy, 114, 1251-1265. 

https://doi.org/10.1016/j.energy.2016.08.060 

Reichl, C., Schatz, M., & Zsak, G. (2017). International Organizing Committee for the World 

Mining Congresses. Federal Ministry of Science, Research and Economy, Austria (Vol. 32). 

Staffell, I., & Pfenninger, S. (2016). Using bias-corrected reanalysis to simulate current and 

future wind power output. Energy, 114, 1224–1239. 

https://doi.org/10.1016/j.energy.2016.08.068 

Vyhmeister, E., Aleixendri Muñoz, C., Bermúdez Miquel, J. M., Pina Moya, J., Fúnez Guerra, 

C., Rodríguez Mayor, L., … Reyes-Bozo, L. (2017). A combined photovoltaic and novel 

renewable energy system: An optimized techno-economic analysis for mining industry 

applications. Journal of Cleaner Production, 149, 999-1010. 

https://doi.org/10.1016/j.jclepro.2017.02.136 

Zharan, K. (2016). Renewable energy (re) for the mining industry: case studies, trends and 

developments, and business models. In 14 Symposium Energieinnovation, 31, pp. 193-237. 

Graz. https://doi.org/10.1146/annurev.energy.30.050504.144321 

Zharan, K., & Bongaerts, J. C. (2017). Decision-making on the integration of renewable energy 

in the mining industry: A case studies analysis, a cost analysis and a SWOT analysis. Journal 

of Sustainable Mining. https://doi.org/10.1016/j.jsm.2017.11.004 

 

 

 



 

600                                    W. Alves, P. Ferreira, M. Araújo, J. Souza 

Wellington Alves 
ALGORITMI Research 

Centre, University of 

Minho, School of 

Engineering, Campus de 

Azurém, Guimarães, 

Portugal, 

wellingtonbn@gmail.com  

Paula Ferreira 
ALGORITMI Research 

Centre, University of 

Minho, School of 

Engineering, Campus de 

Azurém, Guimarães, 

Portugal, 

paulaf@dps.uminho.pt 

Madalena Araújo 
ALGORITMI Research 

Centre, University of 

Minho, School of 

Engineering, Campus de 

Azurém, Guimarães, 

Portugal,  

mmaraujo@dps.uminho.pt 

Júlio Cézar 
Federal University of 

Pernambuco, Recife, Brazil, 

jcsouza@ufpe.br 

  

 

 

mailto:wellingtonbn@gmail.com
mailto:paulaf@dps.uminho.pt
mailto:mmaraujo@dps.uminho.pt
mailto:jcsouza@ufpe.br

