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resursseja. Näitä ovat esimerkiksi maametallit, joiden kaivamiseen matalantulotason maissa 

liittyy sosiaalisen kestävyyden haasteita. 

 

Diplomityön tavoitteena oli selvittää koboltin kaivamisen sosiaalisia kestävyysvaikutuksia 
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QALY menetelmän yksityiskohtaisempi standardointi olisikin suositeltavaa. 
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Mitigation of climate change through sustainable energy transition requires increasing 

amounts of resources. Serious social sustainability challenges have been linked to earth 

element extraction in low-income countries. 

 

The aim of this Master’s thesis was to perform a literature review and social life cycle 

assessment to find out and measure the social sustainability impacts of cobalt mining in 

Democratic Republic of Congo. Another aim was to assess the usability of social life cycle 

assessment as research method. 

 

Non-systematic literature review was performed utilizing scientific literature, reports of 

international organizations and interview material. Social life cycle assessment was based 

on the relevant standards, guidelines and interpretation of QALY methodology. 

 

The results implied that cobalt mining had significant negative impacts on human wellbeing 

in DR Congo. Largest impacts are linked to stressful working conditions and side effects 

caused by the anxiety. Social life cycle assessment was evaluated to be a useful and easily 

communicable method even though there is need to develop standardized methodology. 
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1 INTRODUCTION 

 

The United Nations Agenda 2030 and Sustainable Development Goals (SDGs) released in 

2015 put an emphasis on solving the social, environmental, and economic challenges as one 

(United Nations 2015). It has been recognized that all the challenges are part of the same 

system and achieving one sustainability goal can affect the possibility to achieve another 

(Pradhan et al. 2017).  

  

Climate change, as one of the greatest challenges to all humankind, has caused the need to 

develop new low-carbon technologies. Electric vehicles are one solution to decarbonize 

traffic systems. The increasing number of batteries puts pressure on mining industry since 

the earth elements needed for the current technology are running out. Some of them are 

predicted to peak during the next two decades. The recycling technologies are not developed 

enough to economically separate all earth elements for reuse. (Turcheniuk et al. 2018) 

 

Cobalt is one of the elements currently used in electric vehicle (EV) battery manufacturing. 

It has been recognized as critical material for technological progress by European Union. 

Cobalt is not rare, but easily exploitable deposits are available only in few countries. (Cobalt 

Institute 2021) According to International Energy Agency (2020) 19 kt of cobalt was 

estimated to been used in electric vehicles in 2019. In 2020 the EV cobalt demand was 

around 39 kt (Desai & Nguen). The annual overall cobalt extraction is between 123-128 kt 

(van den Brink 2020). It was also estimated that the annual cobalt demand would rise over 

370 kt by 2030 if the goals of the Paris Agreements were achieved (International Energy 

Agency 2020). Until efficient battery recycling technologies are developed the mining 

industry requires quick expansion.  

 

Expanding mining activity can have serious consequences from health impacts to driving 

people away from their homes and destruction of their traditional livelihoods (Sovacool 

2019; Amnesty International 2016). Social sustainability impacts are linked to cobalt 

production as well as other earth elements utilized in EV batteries (Thies et al. 2019). 

International value chains are important to assess since the benefits and trade-offs affect 

different nations (IPCC 2018). Earth elements are often mined in low-income countries, with 
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less regulation and worse human rights situation than in high-income countries (Amnesty 

International 2016). It should also be recognized that climate change mitigation benefits 

most nations that are upstream of the value chain since they are most vulnerable to its effects 

(IPCC 2018). 

 

Consumers and companies should have a way to compare between products based on their 

impacts in all dimensions of sustainability. Life cycle assessment (LCA) has become 

standard for environmentally conscious businesses and academic studies. The methods to 

apply LCA to social sustainability challenges has been developed and recently gained more 

and more interest. (Life Cycle Initiative 2020) The social LCA (SLCA) methodology has 

not been fully established yet and more research and case studies are needed to further its 

development. 

 

1.1 Objectives and scope 

 

The objective of this study is to gain the methodological knowledge to apply social life cycle 

assessment in a context of cobalt industry in Democratic Republic of Congo (DRC). Since 

the social life cycle assessment methodology has not been fully developed yet, the 

application and utility are assessed in addition.  

 

Following research questions are examined in the thesis: 

 

1. How cobalt life cycle affects on social sustainability? 

 

2. What are the analytical possibilities and challenges of social life cycle 

assessment in a cobalt case study? 

 

The first research question is answered by conducting literature review and SLCA analysis. 

The second question is answered based on the perceptions made during SLCA process. 
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1.2 Structure of the thesis 

In the next part of the thesis theoretical framework concerning social sustainability is 

presented. In the 3rd chapter SLCA methodology and its applications are introduced as well 

as the literature review and interviews used as base for the assessment. There results of the 

literature review are described in the 4th chapter. The SLCA is executed in the 5th chapter. 

The results are presented in the 6th chapter discussed in the 7th chapter. Conclusions are made 

in the 8th chapter. Summary is given in the 9th chapter. 
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2 THEORETICAL FRAMEWORK 

 

Sustainability is defined as meeting the needs of today without compromising the future. In 

addition, it can be thought making decision that does not harm the current life in other part 

of the globe. It is divided in 3 aspects social, ecological and economic or in other words 

people, planet and profit. The aspects are also called triple bottom line. (Elkington 1998) 

Sustainability can be further divided into different indicators e.g., in United Nations 

sustainable development goals (United Nations 2015). 

 

Economic sustainability concerns economic growth, development, production, and 

distribution of wealth. Economic sustainability can be measured in paid taxes, community 

and infrastructure investments, over minimum living wage salary, acts against corruption 

and cartels or preferring local suppliers and workforce (GRI 2020). Costs and profits are the 

base for economic indicators. The economic aspect is often visible in both ecological and 

social sustainability (Shamraiz et al. 2019).  

 

Ecological sustainability is often thought through planetary boundaries concept. Planetary 

boundaries are limit within the safety of the humankind is ensured. If the planetary 

boundaries are exceeded there may be catastrophic consequences. The aspects of planetary 

boundaries are climate change, novel entities, stratospheric ozone depletion, atmospheric 

aerosol loading, ocean acidification, biochemical nitrogen and phosphorus flows, freshwater 

use, land system change and biosphere integrity. (Stockholm Resilience Centre 2021; 

Rockström et al. 2009) In business context common indicators are material, energy use and 

water use, waste generation and emissions (GRI 2020).  

 

Social sustainability includes e.g. human and labour rights, social equity, rights of 

indigenous people and community development. In business environment it means 

identifying and managing positive and negative impacts of business activity on people.  

(United Nations Global Compact 2020) Common indicators used in social sustainability 

studies are e.g.: occupational health and safety, education, diversity and equal opportunities, 

discrimination, freedom of association, child labour, human and indigenous rights, customer 

safety, public policy, marketing and labelling and customer privacy (GRI 2020). In the 
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bottom level the social sustainability is meeting all basic needs of the human life. (Vallance 

2011) 

 

Human wellbeing can be difficult to define or measure. Wellbeing can be self-centred or 

concern larger community since everything that is good for one person may have trade-offs 

with others.  Wellbeing is related to happiness, which makes it partly philosophical 

challenge. Human wellbeing is often thought as physical and mental health, but the definition 

may vary depending on context. In addition to health, autonomy and freedom are argued to 

be linked with wellbeing. (Clark 2014)   

 

One of the most important health research programmes is the global burden of disease study. 

The global burden of disease has been modelled since 1990s by the WHO (World Health 

Organization). It estimates mortality and disability caused by different health conditions like 

diseases and injuries in different countries. As a result, gap between ideal situation and 

current health status is calculated. The health part of this study is largely based on the 

foundation of global burden of disease study. Whereas other wellbeing indicators derive 

from the sustainable development goals, whose significance as a set of wellbeing indicators 

has been recognized (Clark 2014). 

 

Sustainable development goals which are derived originally from United Nations millennial 

goals are set of indicators and targets that UN aims at achieving by 2030 (United Nations 

2019). These are also referred as grand challenges of sustainability since they are complex 

problems, which are difficult to solve. Achieving all sustainability goals similarly is 

considered as a challenge, because of the trade-offs they possess with each other (United 

Nations 2019). The interconnected nature of sustainability challenges should be recognized 

in sustainability assessment. Therefore, in addition to environmental metrics new ways to 

measure social and economic sustainability are developed. 

 

However, measuring impacts in only larger scale is not sufficient since many decisions are 

made by single corporations and individuals. Social sustainability impacts of a single product 

are assessed by using social life cycle assessment. The aim of the assessing social 

sustainability impacts is to make comparison between different products possible. This is 
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enabled by putting sustainability information in numerical metrics and evaluating the 

seriousness of different actions if the product system is altered. (Life cycle Initiative 2020) 
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3 METHODS 

 

Literature review was conducted to find out about social challenges and mechanisms related 

to mining industry in Democratic Republic of Congo (DRC). Unstructured interviews were 

also utilized. The findings of the review were further studied and quantified in social life 

cycle assessment. 

 

3.1 Literature review and interviews 

 

Literature review was recognized to be an important way to get full picture of the social 

situation of DRC and the impacts of mining industry in there to be able to build the social 

life cycle assessment model. The literature review was non-systematic concentrating on 

finding critical data for the SLCA model. 

 

The literature review was conducted by searching data concerning social situation and 

impacts of DRC mining industry from academic databases, human right and other 

international organizations’ publications and international news media. Search words like 

DRC mining, ASM mining and DRC social impacts were used. In addition, general 

information about artisanal mining and occupational diseases and injuries were searched to 

complete the data.  

 

In addition to searched data unpublished primary interview data by Pro Ethical Trade Finland 

was utilized in this study. The interviews were conducted in 2019. The data contained 

unstructured interviews of human right organization representatives, political figures, local 

residents and mine workers in multiple locations in DRC. The results of the interviews are 

referred as respondent and their respondent number. The list and descriptions of the 

respondents is presented in appendix 1. 
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3.2 Social life cycle assessment 

 

Social life cycle assessment was selected as method to assess the social impacts considering 

different stakeholders. Social life cycle assessment is used as a method in studies 

concentrating on social sustainability of a system or a product. It can be used in different 

studies related to business and academic world. The assessment is needed to recognize which 

life cycle stages have highest impacts to social wellbeing and how the wellbeing can be 

improved. The human needs and wellbeing related to LCA can be defined for example 

though the UN SDGs (Kühnen & Hahn 2017).  

 

Social life cycle assessment is based on the ISO 14040 and ISO 14044 standards originally 

designed for environmental life cycle assessment, which is the most applied form of LCA. 

Life Cycle Initiative (2020) has published additional guidelines for executing SLCA. 

 

LCA is an iterative process that contains four different phases: goal and scope definition, 

inventory analysis, impact assessment and interpretation. Goal and scope define the aim, 

means and criterion of the study. System boundary is defined as well as functional unit. 

Functional unit is based on the function that the defined system provides e.g. painting one 

house. Also, data quality required for the study, assumptions made in the calculation and 

limits concerning impact assessment methods are defined. (Life Cycle Initiative 2020) 

 

Data is collected and the system is modelled in inventory analysis. Results are calculated 

during the impact assessment by characterizing the inventory data to impact categories. In 

interpretation phase, the results are assessed to be in line with the goal and scope definition 

and data uncertainties are studied. (Life Cycle Initiative 2020) 

 

According to Weidema (2019) social impacts can be divided into biophysical and socio-

economic impacts. Biophysical impacts are midpoint impacts affecting ecosystem and 

physical health like acidification, human toxicity or human impacts of global warming. 

These are similar to Environmental life cycle assessment (ELCA) impact categories. Socio-

economic midpoint impact categories include absolute poverty, forced human migration and 

insufficient skills. 
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SLCA can study systems from the perspective of different stakeholders. Stakeholder 

categories are workers, local community, society, consumers, and value chain actors. 

Different stakeholders are affected on different life cycle phases. Often only workers are 

included in studies. Following stakeholder subcategories are linked to different stakeholders 

assessed in this study. (Life cycle initiative 2020) 

 

Worker:  

• Freedom of association and collective bargaining 

• Child labor  

• Fair salary  

• Working hours  

• Forced labor  

• Equal opportunities  and  discrimination 

• Health and safety  

• Social benefits  and  social security 

• Employment relationship 

• Sexual harassment 

• Smallholders including farmers 

 

Local Community: 

• Access to material resources 

• Access to immaterial resources 

• Delocalization and migration 

• Cultural heritage 

• Respect of indigenous rights 

• Community engagement 

• Local employment 

• Secure living conditions. (Life Cycle Initiative 2020) 

 

The field of SLCA is currently shattered and uniformity is needed. The major challenge 

considering current SLCA studies is the lack of common indicators, which makes 
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comparison of different studies impossible. (Life Cycle Initiative 2020) One of the main 

goals of traditional LCA is to enable comparison between different systems or products e.g. 

environmental product declarations. (Passer et al. 2015) There is also lack of purely 

theoretical studies since most of the conducted studies have been empirical focusing on 

company performance. Theoretical research is needed to be able to develop valid SLCA 

impact pathways. (Kühnen & Hahn 2017)  

 

There are two different main approaches for Social life cycle assessment: reference scale 

approach and impact pathway approach. Reference scale approach concentrates of social 

performance or risks of a product or organization putting results on the reference scale from 

e.g., low to high risk. Impact pathway approach assess impacts of longer time frame and 

results are calculated on mid-point and endpoint impact categories. In other words, reference 

scale studies whether any the risk or inequality exist in the value chain, whereas impact 

pathway studies how social consequences of the system affect on areas of protection e.g., 

human wellbeing. (Life Cycle Initiative 2020) 

 

Hosseinijou et al. (2014) argue that social impacts are more connected to the company than 

to the materials and processing methods. The study concentrated on the social hot spot 

analysis method, which analyses the short time impacts in value chain. This is probably why 

the life cycle initiative (2020) has developed a separate LCA guideline for the assessment of 

entire companies. This kind on approach is however difficult to apply in a study that does 

not involve cooperation with a company.  

 

Impact pathway has several variations in addition to traditional impact pathway. Traditional 

impact pathway SLCA methodology is very similar to ReCiPe ELCA method in terms of 

modelling different pathways to one end-point indicator. Preston pathway studies impact 

pathways by using Preston curve. Preston curve links health and wealth data together and 

can be used to predict the future and explain the past health effects of a population. Certain 

criteria have to be met to be able to utilize the Preston pathway. Such criteria are e.g. low 

corruption and equal wealth share among population (Feschet et al. 2013) Wilkinson 

pathway is another method that studies income inequality and its causal relationship to 

health. It is developed based on Preston pathway and Wilkinson curve. (Bocoum et al. 2015) 
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Impact pathway has been declared to be an open field for future studies (Life Cycle Initiative 

2020). The impact indicators and characterization models are not closely established yet. It 

is an interdisciplinary method that enables systems thinking. Systems thinking is important, 

when considering social impacts as a part of larger picture like SDGs. (Kühnen & Hahn 

2017)  

 

The most developed traditional impact pathway methods are DALY (Disability-Adjusted 

Life Years), QALY (Quality-Adjusted Life Years), and WELBY (Wellbeing-Adjusted Life 

Years). These endpoint indicators are health related and DALY and QALY is originally used 

in medical sciences (Life Cycle Initiative 2020). DALY can be used in LCA context to 

calculate life lost and spent disabled e.g. due to working conditions or malnutrition (Stein 

2007; Arvidsson 2018). QALY takes wider wellbeing perspective into account compared to 

DALY. (Weidema 2019). DALY has already been used in several LCA studies e.g. Furberg 

(2018), Stein (2007), Arvidsson (2018), whereas there was no available concerning studies 

where WELBY or QALY had been used.  

 

WELBY, developed by Weidema (2006), is similar to QALY and it has been proposed to be 

the most promising method for impact pathway approach. It emphasizes the importance of 

holistic view in LCA. The challenge with WELBY is that only suggestions to further 

development of it can be found in the scientific literature. The actual modelling principles 

and case studies are missing suggesting that it currently exist only in very theoretical level. 

(Brazier & Tsuchiya 2015) 

 

Weidema (2006) proposed a way to calculate QALY by adding wellbeing factors to 

calculation. Damage categories according to Weidema (2006) are following: 

 

• Life and longevity (YLL = years of life lost) (Life expectancy) 

• Health (YLD)(disability = disease or injury) 

• Autonomy (YWL = Years well-being loss) 

• Safety, security and tranquility (YWL = Years well-being loss) 

• Equal opportunities (YWL = Years well-being loss) 
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• Participation and influence (YWL = Years well-being loss) 

 

Positive impacts have not been assessed in Weidema’s model except for crime victim 

compensation. Model should be developed to meet the current need to analyze both positive 

and negative effects. 

 

According to Weidema (2019) human area of protection (AoP) can be defined in wellbeing 

or lost utility. The endpoint indicators or AoPs are indicators at the end of the impact 

pathway that do not have interactions with other indicators and are independent. Whereas 

midpoint indicators can have interactions with other midpoint indicators. 

 

Limitation of QALY is that it often fails to represent worst case scenarios. In addition, it has 

reported to lack sensitivity. Adding WELBY metrics has been argued to solve the sensitivity 

issue. (Life Cycle Initiative 2020) the result of WELBY should be assessed with caution 

since the method is not fully developed. (Schaubroeck & Rugani 2017) WELBY is used as 

an impact assessment method in this study.  
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4 COBALT PRODUCTION PROCESS 

 

The results of the literature review are presented in following subchapters. Social impacts 

are divided according to main life cycle stages. The review concentrates on upstream 

processes of EV battery manufacturing because most of the sustainability challenges has 

been recognized to occur there. 

 

4.1 Cobalt value chain 

 

Cobalt is mined in several countries including Democratic Republic of Congo (DRC), 

Australia, Russia and Finland. DCR has the largest cobalt reserves in the world. Cobalt can 

be found in different geological forms in different areas. Cobalt and copper often occur 

together in the same ore in Central Africa. In other parts of the world cobalt often appear 

together with nickel. (Petavratzi 2019) Large cobalt reserves are also found in the sea beds, 

but there are currently multiple factors that prevent utilizing them. (van den Brink et al. 2020) 

 

China refines 46 % of all cobalt in the world. Other large cobalt refining countries are 

Finland, Canada, Belgium, Zambia and Australia (van den Brink et al. 2020). Cobalt 

originating from DRC is often partly refined in DCR and partly in China (USGS 2021). 

Cobalt is hydrometallurgically refined in DRC to produce cobalt hydroxide. Cobalt 

hydroxide is transported to China where it is further refined to cobalt tetroxide and cobalt 

sulfide. These are used in battery cathode production. (Amnesty International 2017, 37; 

Crundwell et al. 2020) LiCoO2 (LCO), which is the most common lithium-ion battery (LiB) 

cathode is produced from cobalt tetroxide (Manthiram 2020). 

 

However, LCO is not the LiB type used in current EVs since it is more suitable for portable 

electronics. To reduce the amount of cobalt in EV battery Tesla has developed Lithium 

Nickel Cobalt Aluminum Oxide (NCA) battery whereas other EV manufacturers use 

Lithium Nickel Manganese Cobalt Oxide (NMC) battery models. Currently the most 

common NMC battery type is NMC 622. NMC 622 contains nitrogen, manganese, and 

cobalt in a N6:M2:C2 relation. The average cobalt amount in the NMC 622 battery is 12 kg. 

NMC 811 battery is already in the development phase reducing the need for cobalt even 
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more. (MCKinsey & Company 2018; Battery University 2019) CoSO4 used in NMC 

cathode manufacturing can be directly extracted from sulfidic cobalt ore typical to former 

Katanga region in DRC (Santoro et al. 2019). 

 

Currently there are several efforts to remove cobalt completely from EV batteries. Tesla is 

working together with their battery suppliers to develop cobalt free EV battery in few years. 

(Nikkei Asia 2021; Morris 2020) Tesla has already shifted to cobalt free LFP (Lithium iron 

phosphate) technology in Chinese EV markets (Cleantechnica 2021). The LFP technology 

has been used in Chinese battery electric busses (Sustainable Bus 2019; Du et al. 2019). 

 

Lithium-ion batteries as final product are typically manufactured in China, Japan, or South 

Korea. The EV manufacturers are western or Asian as are the consumers benefitting from 

the products. Three largest EV producers by market share are Tesla (USA), Volkswagen 

(Germany) and SAIC (China). (Amnesty International 2016, 46; Statista 2021) China has 

the largest amounts of registered EVs, while the amount of registered EVs has increased the 

most rapidly in   Europe.  Total of 3 million new EVs were registered in 2020. (International 

Energy Agency 2020) 

 

The advantage of EV is that it does not produce direct emissions while driving. The CO2 life 

cycle emissions may be small if the electricity is produced using renewable energy sources. 

NOx and particulate matter emissions produced by combustion affecting human health are 

reduced compared to vehicles with combustion engine. The downside is that the negative 

health impact concentrate more on the upstream processes compared to combustion engine. 

(Helmers et al. 2020) Negative health impacts have also been linked to possible battery fires 

during traffic accidents (Sun et al. 2020). 

 

4.2 Cobalt mining industry in DRC 

 

Almost 70 % of world’s cobalt is produced in DRC (USGS 2021). Cobalt is mined in 

Lualaba and Haut-Katanga provinces in southern DRC. 70 % of cobalt and copper from 

DCR origin are produced in Lualaba province (Respondent 5). 

 

https://asia.nikkei.com/Business/CES-2021/Cheaper-Tesla-Panasonic-to-develop-cobalt-free-battery
https://cleantechnica.com/2021/05/11/tesla-transitions-to-lfp-battery-cells-for-megapack-installations/
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Mining is done at industrial (LSM) and artisanal level (ASM). About 80 % of the cobalt 

comes from industrial mines and 20% from artisan miners. (BGR 2019; Sovacool 2019; 

Banza Lubaba Nkulu 2018) In 2017 19 000 tons of cobalt was extracted by ASM workers, 

and there were around 80 artisanal cobalt mines in DRC (CRU 2018; van den Brink 2020). 

According to BRG (2019) the estimated ASM cobalt production was 12 300 tons in 2017 

and 17 960 tons in 2018 based on the assumption that the share of ASM cobalt was 15 % of 

the total exported cobalt reported by DRC’s ministry of mines. According to one interviewee 

the share of ASM cobalt of all cobalt is difficult to estimate since currently many of the 

miners work informally for the LSM companies, which buy the cobalt directly from the 

miners (Respondent 3).  

 

It has been estimated that possibly as much as 1 million people depend on the mining 

industry in one way or another (Frankel 2016). Large scale mining has been estimated to 

employ between 3000 to 30 000 Congolese people (Sovacool 2019; Respondent 5; 

Industriall 2018). Artisanal mining employs between 110 000 and 225 000 people depending 

on season (Amnesty International 2016, 16; Kara 2018; Respondent 5). 

 

There are differences in safety, working conditions and salary, when comparing two mining 

practises. Industrial mining is safer and better paid than artisanal mining. Artisanal mining 

is done by hand digging in underground pits whereas heavy work machinery is used in 

industrial mining in open pits. (Sovacool 2019) LSM is performed by large Western or 

Chinese mining companies. (Sovacool 2019) 

 

Biodiversity and soil degradation is caused by mining activity. Mining activity demands 

more and more land. As a result, there is not enough agricultural land to support everyone. 

(Cordaid 2015) Mining companies cut down trees and use them to build property. Losses are 

not often compensated to local communities. (Sovacool 2019) One interviewee explained 

that due to the environmental destruction caused by mining activity people are poorer than 

they used to be (Respondent 2). This is partly because mining has affected soil quality and 

ability to farm as livelihood. Farming is the main livelihood for 75 % of the people. (Cordaid 

2015)  
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Democratic Republic of Congo has long history of exploitation and conflicts, both of which 

have caused damage to people and environment. Conflicts are centered to eastern DRC, 

which is not cobalt mining area but have affected the mining activity indirectly. The 

environmental pillage and humanitarian terror started already in late 1900th century with 

palm oil and natural rubber farming. The DRC mines were utilized already during world 

wars to produce bullets. The uranium used in Hiroshima atom bomb was originally from 

Katanga region. (Baraza 2020) 

 

DRC has large reserves of earth element resources that could advance its financial 

development. However, due to poor state of natural resource and finance management and 

corruption, people do not profit from the mining activity. The export of the mining products 

is not taxed enough, and some companies do not pay taxes even if they legally obligated. 

(Respondents 3,4,5) 

 

One of the latest and largest corruption schemes was revealed in 2021. Human rights watch 

organization RAID estimated that DRC may have lost 1,95 billion USD revenue and will 

probably lose 1,76 billion more in royalty payments in the future due to businessman Dan 

Gertler. Dan Gertler has been involved in DRC mining sector over decades. (RAID 2021) 

His close relationships with former DRC president Joseph Kabila and former USA president 

Donald Trump helped him to exploit DRC even though his actions have been acknowledged 

for years. Gertler’s actions include acquiring mining licenses, investing in large mining 

companies and paying bribes, while claiming to build sustainable economic recovery. (BBC 

2021) 

4.2.1 Artisanal mining   

 

There are different types and definitions of artisanal mining. Some miners find unoccupied 

mineral deposits and work there, whereas others mine clandestine in areas that belong to 

industrial mining companies. Formal ASM areas has also been established but they are often 

far away or inaccessible. (Afrewatch 2020a, 11) One respondent explained that sometimes 

ASM workers find new cobalt ore deposits first, but then large mining company buys the 

site from government and drives ASM workers away. (Respondent 6) 
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ASM workers often concentrate on collecting heterogenite, which is mineral containing only 

cobalt without copper (BGR 2017). Chinese Huayou Cobalt (Congo Dongfang mining) is 

one of the actors in DRC cobalt mining industry. It sells cobalt products to EV battery 

manufacturers. (Amnesty International 2017, 4) It is the only company buying cobalt openly 

directly from ASM miners (Ericsson et al. 2020; Calvao 2021). 

 

The artisanal mining started in 1990s when the state mining company financially collapsed. 

The Congolese civil wars have also increased the artisanal mining. Often people do not have 

other employment options. (Amnesty International 2016, 5) On the other hand, cobalt mining 

has been compared to gold fever and it sometimes attracts young and adventurous people 

dreaming to acquire wealth (Niarchos 2021).  

 

The whole local community is often involved in artisanal mining including women and 

children. Men are usually engaged with the most dangerous part of the cobalt mining digging 

in underground tunnels whereas women, and children work at collecting cobalt rocks on the 

surface around LSM mines or old mine tailings. Women and children also wash and transport 

ore (Amnesty International 2016, 5; Sovacool 2019). Children can be sometimes used in 

digging to access narrower galleries (World Vision 2013). Approximately 60-74 % of the 

ASM miners has been estimated to be diggers (Tsurukawa 2011; Elenge & De Brouver 

2010).  

 

Geenen et al. (2021) studied formal ASM gold mining in DRC. She recognized 8 types of 

workers with different job descriptions. Pit manager is usually starts the process and invests 

to the mining operation. Conducteurs are people that oversees the exctraction process and 

capita are daily supervisors of teams. Boiseur stabilize pits by constructions, foreur is another 

term for diggers, pelleteurs transport rock and sand from the pits, machiniste are in charge 

of oxygen pumps and prospectors search for the best gold veins. The share of different 

workers is pit manager (9,3 %), conducteur (12,8 %), capita (4,2 %), boiseur (6,4 %), foreur 

(21,4 %), pelleteur (44,4 %) machinist (1,3 %) and prospecteur (0,2 %). It is likely that the 

cobalt miners have similar hierarchies since they also work in groups. 
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4.2.2 Occupational hazards 

 

ASM diggers working in tunnels are in danger to die or injure in different accidents. They 

may fall in the tunnels or get crushed by falling rocks. There are cases of fatal accidents 

caused by collapsing tunnel. If the mine is too deep, they may run out of oxygen and 

suffocate. Some ASM miners pump oxygen to the deep tunnels, but it is dangerous due the 

possibility that the device stops working. Some workers use fire to break the rock easier, but 

the fire may burn the oxygen away from tunnels killing the miners. (Amnesty International 

2016, 23-25) Sometimes ASM workers dig under the residential areas of local communities 

causing fatal landslides and collapses (Sovacool 2019). 

 

Annual death rate of the ASM miners has been estimated to be 0,4-0,5 % (Tsurukawa 2011). 

BGR (2019, 40) reported 63 fatal accidents and 101 accidents leading to injuries during 2018 

in artisanal mines studied whereas Amnesty International (2016, 23) estimated 80 deaths in 

time period of 1 year in 2014-2015. ILO (1999) estimated the rate of fatal accidents to be 

2,5 % in ASM type mining in general. Accidents also concern LSM workers. Due to a 

landslide 7 mineworkers were killed in open pit mine in 2016. (Industriall 2016) There were 

no statistic available considering LSM accident mortality in DRC. The 10-year-fatality 

frequency of LSM in Ghana has been estimated to be 0,0071 per 1 000 000 working hours. 

In the same study 38-47 year-olds were identified as the age group having most fatal and 

non-fatal injuries. (Stemn 2018) Similar age group had most of the injuries also in study 

concerning Turkish mining industry. The non-lethal accident frequency rate in open pit 

mining in Turkey was 5,65 per million working hours. (Onder 2013)  

 

The danger of accidents present in the LSM in general makes the working conditions 

stressful. There are challenges in both underground and open pit mines e.g., regarding to 

darkness, noise, dust, temperature and ventilation. Being constantly alert to ensure the safety 

of everyone may increase stress. (TTK 2015) Due to stressful working conditions higher 

amounts of mental health disorders are detected in mine workers compared to people 

working in other professions (Deng et al. 2017). 

 



26 

 

Whole-body vibration caused by mining tools and vehicles used in LSM may cause pain and 

different disorders in long-term exposure. The impacts of vibration were studied in open pit 

coal mine in India. Workers experienced pain in multiple body parts: neck (47,61) %, 

shoulder (42,85%), elbows (7,14%), hands or wrists (16,66 %), upper back (19 %), lower 

back (83,33 %), hips or tights (14,28 %), knees (42,85 %) and ankles or feet (11,90 %). 

(Jeripotula et al. 2020)   

 

Elenge et al. (2013) studied occupational accident related to ASM mining in Katanga. The 

median age of the diggers was 25 years. 83,3 % of the miners had been over 3 years in the 

profession. Most of the workers were 19-37 years old. There were 392 accidents reported 

during the 12-month survey 72,2 % of the workers being subject to at least one accident and 

60 % at least two accidents. 51,5 % of the accidents were caused by handling tools, 32,9 % 

of the accidents by handling heavy weighted loads, 11,5 due to falling and 4,1 % due to 

running out of oxygen in the tunnels. 23 % of the workers that had an accident were under 

the influence of alcohol and 12,8 % were on drugs. Some of the miners drunk before or 

during the work shift. About half (52,8 %) of the workers were classified as great consumers 

of alcohol and 89 % used benzodiazepines e.g., to be better able to sleep. The possibility to 

die or injure in an accident causes anxiety. Some ASM miners drink alcohol while working 

to be able to forget the danger. (Amnesty International 2016, 21; Sovacool 2019) The injuries 

resulted the workers being absent from work, 50,8 % being absent for 3 or more days. This 

influenced the workers’ ability to support themselves. ASM workers that had participated in 

apprenticeship had less accidents (26,1 %) compared to workers that had not (46,1 %). 

(Elenge et al. 2013) 

 

Artisanal miners working in pits breath in dust frequently and often have permanent cough, 

which could be a sign of silicosis. The dust also irritates eyes. (Sovacool 2019) Silicosis is a 

lung disease caused by inhalation of crystalline silica dust. Silica can occur naturally in 

ground e.g., in a form of quartz. Silicosis is a challenge especially in developing countries, 

where fewer protective measures are used. Silica is also linked to other pulmonary conditions 

e.g., lung cancer. Lung cancer has been detected to occur after 15 years latency time. 

Silicosis has at least 10 years latency time with low concentration exposure. Accelerated 

silicosis takes 5 to 10 years to develop after exposure. Rapid exposure to large amounts of 
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silica may cause acute silicosis.  (Leung 2012) However, since the life expectancy in DRC 

is currently 60,7 years and the latency time for lung cancers and diseases is long, they have 

little effect in lost life years. Lung diseases and cancers are often diagnosed at the age of 60 

or higher. They will become a greater challenge in Africa if the life expectancy gets higher. 

(McCormack & Schüz 2011; World Bank 2019a)  

 

The ASM workers are also exposed to arsenic in gangue and washing pools. Radioactive 

radon gas, rising from the grounds as decay product of radium, may be inhaled. The official 

artisanal working areas do not have sanitary facilities which increases contamination risks. 

The occupational symptoms are different in different mining jobs. Crushers are in risk to 

have eye injuries caused by stone fragments or finger injury due to hitting themselves with 

hammer. The loud noise caused by hammer may cause hearing problems. The working 

position causes also challenges. Washers are exposed to different bone and muscle injuries. 

ASM diggers suffer from cough (17 %), headache (80,3 %), lower back pain (76,7 %), upper 

limb pain (18,3 %) and dermatitis (1,7 %). Non-diggers experience cough (10 %), headache 

(44,7 %), back pain (67 %), lower limb pain (26,5 %), upper limb pain (8,6 %) and dermatitis 

(5,7 %). (Elenge & De Brouver 2010) 

4.2.3 Women in artisanal mining 

 

Women are not usually involved in LSM, because they are forbidden to go to the mining 

sites. (Katz-Lavigne 2019) Some women are involved in the ASM digging, but they mostly 

do other mining related jobs (Sovacool 2021). According to a report by Afrewatch (2019) 

women suffer from artisanal mining works (Amnesty International 2016). Women ASM 

workers are in weaker position than men because they are often excluded from financial 

decision making and organization of mining teams. They also earn less money compared to 

men. Discrimination due to gender is cultural and women sometimes having denied access 

to mines is based on the belief that their presence makes minerals disappear from the site. 

The lack of childcare options has forced women to bring their children to the mines while 

they are working. This has even been linked to children starting to work at the mines when 

they come to an age when they are physically capable to do that. Spending time in 

contaminated and unsanitary mining environment is bad for the children’s health. (Hayes 

and Perks 2012) 
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Women in local communities have less opportunities to affect their situation and participate. 

Mostly men are involved in open house activities with mining companies. Rural women are 

affected by land alienation, expropriation and water and environmental pollution. No 

compensation from resettlement and agricultural losses. Women only have user rights to 

property through their husband or sons who are the lawful owners. Therefore, they are not 

included to consultation and compensation. Women are ignorant of their rights. (Afrewatch 

2019; Cordaid 2015) Due to lack of education women in ASM are rarely aware of new laws 

or measures putting them in disadvantageous posture when dealing with state officials 

compared to men (Iguma Wakende 2021). Women are often more affected by pollution since 

they are more in contact with the river water than men. They are also more likely to get 

genital infections due to working in water. (Cordaid 2015; World Vision 2013)  

4.2.4 Child Labour 

 

Child labour is common in DRC (Frankel 2016). It has been estimated that 35 000-40 000 

children are involved in mining activities of different minerals in DRC (Amnesty 

International 2016, 6; Kara 2018). The number of children working in cobalt mining was 

estimated to be 2500 in a field study. However, the study only included children under 15 

years old. (BGR 2019, 43) Another estimation of children working in ASM was total of 

10 000 in Katanga and Lualaba provinces (Respondent 4). It is roughly estimated that about 

half of the children work in a hazardous condition meeting the conditions of worst forms of 

child labour (BGR 2017). 

 

Not all work performed by children is problematic, but often working too many hours has 

an effect on attending school and getting education. Not having education affects the child’s 

future salary and standard of living. The child labour in mining is considered hazardous since 

it happens in dangerous and unhealthy conditions, which is one definition of the worst forms 

of child labour. Working in cobalt mining is energy and time-consuming making 

participation to school difficult. In several interviews’ children working in mines have also 

complained about getting sick easier and their body aching because having to carry too heavy 

loads of minerals. (Amnesty International 2016, 6; ILO 2021) Mine workers with better 

education were more likely to earn more and be in higher positions in mining groups’ 
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hierarchy compared to less educated miners according to a study concerning DRC artisanal 

gold miners (Geenen et al. 2021). 

 

Working in toxic and dangerous environment is more harmful to children than adults. Due 

to their physical traits, they absorb toxic easier and inhale more dust compared to adults. 

Their brain absorbs and retains more heavy metals, and their endocrine system can be 

disrupted by chemicals. Children’s systems are less able to detoxify chemicals. (ILO 2011, 

13) According to a study by World Vision (2013) 30 % of children working at mines 

complained about nausea, which can be caused by copper ingestion. Vision impairments and 

eye pain affected 25 % of children and 34 % had skin irritation. Persistent or frequent cough 

was experienced by 67 % of the children. Body pain was experienced by 87 % of the 

children. (World Vision 2013, 28) 

 

Children can earn 1-2 USD/day and often work 10-12 hours/day even when they attend 

school. Some children work only seasonally e.g. during holidays. Working offers some of 

them possibility to pay for school fees (Amnesty International 2016, 6). Some children feel 

happy about working in mines or consider it as a social event because they do not have 

anything else to do. (Sovacool 2021). On the other hand, Children are often abused or 

cheated in trade (Amnesty International 2016, 6). Sometimes children are even claimed to 

be drugged in order to them to forget their hunger while working (Niarchos 2021). Sexual 

harassment of the children is considered rare (World Vision 2013).  

 

Only 75-80 % of children go to school in mining provinces (Respondent 8; UNICEF 2019).  

Girls are more often illiterate or have never attended school compared to boys (Afrewatch 

2019). This is not a direct effect of Cobalt mining industry but may impact on their chances 

to participate decision making as mentioned in the previous subchapter. Education is free in 

DRC, but due to poor financial funding children must often pay monthly 10-30 USD fee to 

attend school. If the family is poor or the parents are unemployed children have no other 

option than stay at home or work at the mines. ASM increases the possibilities of children 

attending to school thus they can afford the school fees. The multinational mining companies 

are cautious about child labour and have zero tolerance against it. (Sovacool 2019; Amnesty 

2016) 
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The LSM mining companies are in a difficult situation even though they do not allow child 

labor themselves. The children working in AMS may collect ore around the mining site 

which may cause accuses child labor being used. Not allowing children to collect rocks near 

mines may cause conflicts with locals. (Sovacool 2021) 

4.2.5 Fair wage 

 

ASM workers may work in 24-hour-periods. Spending full day in the tunnel then having a 

one-day break and then spending another full day again in the mining tunnel (Amnesty 

International 2016, 6). Diggers dig in 2-hour shifts in the official ASM areas (Elenge & De 

Brouver 2010). According to Sovacool (2019) ASM workers can extract 30-50 kg of raw 

ore per day earning 1-3 USD, which makes 30-90 USD per month. One clandestine ASM 

worker explained that they can work 3-4 hours per day before the mine guards chase them 

away. (Respondent 7) Women working as washer can wash 8-12 sacks of cobalt ore and 

earn 1,5 USD/day, which makes 45 USD/month (Amnesty 2016). According to one 

respondent the working times are long, about 10 hours/day, at LSM and they work without 

vacation days or over time compensation. The same interviewee also claimed that 

subcontracting workers have no protective equipment. (Respondent 4) However, an LSM 

miner, who was interviewed in another study said that they use protective equipment for 

example dust masks and respirators. He also explained that shifts are 12 hours long and they 

are working 7 days a week. (Sovacool 2019) Working in 10-12 hours shifts is not untypical 

in mining industry in high income countries like Finland, but then longer vacation periods 

should be allowed (TTK 2015). 

 

Workers in LSM company can earn 300-1000 USD per month. Congolese engineers can 

earn 400 USD whereas the salary for a chief can be even 1000 USD. (Respondent 8). Salary 

of normal labourer in Chinese company is estimated to be between 100 and 300 USD/month. 

Often Chinese workers earn 1500 USD for doing the same job, which makes the Congolese 

salary unfair. Western companies usually pay 300 USD/month. (RAID 2009) According to 

study by Raid (2019, 34) KMT mine worker salary varied between 200-500 USD/month 

depending on job description average salary being 322 USD/month. To put the salary on 

scale artisanal gold miners, have similar earns to LSM cobalt miners (pit managers 191 USD 
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their right hands 92 USD experts 52 USD and pelleteurs 24 USD per week), whereas teachers 

has been reported to earn 30-50 USD/month and farmers 1 USD per day (Geenen et al. 2021). 

 

According to FairWage database (2016) the minimum living wage of one family is 17 USD 

per month. This is however too low to cover even the school fees of the children, which 

makes it unreliable. According to Fairphone (2020) Unicef calculated minimum amount of 

money needed per month to survive in a crisis situation to be 373 USD for 8-person-

household. The original report of the study was not to be found anymore. Based on those 

calculations Fairphone, mobile phone manufacturing company, estimated minimum living 

wage for 8-person-household if parents work in mining to be 324 USD per month. The 

difference between those two estimations is that in crisis situation all the utilities have to be 

bought new. (Fairphone 2020) However, instead of 8 persons the average family size in 

cobalt mining provinces is 10 persons (MPSMRM 2014). Both calculations also failed to 

estimate the size of the monthly school fees, which often are up to 30 USD per child even 

though the education is considered free (Amnesty 2016). World Food Programme (2020) 

calculated expenditure baskets for 6-person-family. Minimum expenditure basket was 

estimated to be 178,23 USD and survival minimum expenditure basket to be 109,62 USD. 

Earning less than survival expenditure basket means death. 

 

There are some controversies in different reports considering the financial effect of cobalt 

mining. Amnesty International (2016, 27) emphasizes that people working on mines earn so 

little they barely afford to eat whereas Sovacool (2019) argue that miners has better financial 

situation compared to others and mining is way out of poverty for many people. Also 

interviews made by Katz-Lavigne (2020) suggests that mining is a way out of poverty for 

some miners. Some are for example able to save money to start their own mineral trading 

business. However, it is argued that the health and social effects of ASM are too severe to 

improve the quality of life (Perks 2011).  

 

Miners may earn more than people working in farming, but the security payments and 

informal taxation take their share of their earnings. Often same structures control both 

mining and the sale of basic resources e.g., food. (Perks 2011) ASM mining is income source 

mainly to poor and uneducated or lacking skills (Zvarivadza 2018).  
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Structures and mechanisms of ASM are exploitative. Polices earns money by exploiting the 

clandestine workers at LSM sites. Even some government authorities exploit the situation 

by selling informal mining licence cards to the workers or being involved in clandestine 

mining. Most profits are made by Chinese, Indian and Lebanese mineral buyers.  Corrupted 

government officials may also buy ASM mineral illegally at low price and want to prevent 

development of the sector. (Zvarivadza 2018)  

4.2.6 Conflicts 

 

Conflicts are linked to artisanal mining. Many artisanal miners work in an area that they are 

not originally from. This may cause some conflicts between area’s indigenous residents. 

(Katz-Lavigne 2020) The illegal ASM workers often have conflicts with mining police 

(Sovacool 2019).  Clandestine miners are sometimes abused when they are illegally working 

in LSM sites. There have been cases, where abuse has been fatal. (Katz-Lavigne 2020) In 

addition to violence the illegal miners often face incarceration if caught by the security. 

Miners are required to pay fee to get out of jail. (Katz-Lavigne 2019) According to 

Respondent 6 if the miners try to strike, an army is sent to force them back to work causing 

a lot of violence. Occasionally ASM miners are shot and killed especially if they go to the 

mines illegally (Tsurukawa et al. 2011). The mines are getting more and more militarized. 

Military and police have killed dozens of people. Milder forms of violence and robbery also 

occur. These kind of conflicts and harassment makes the life of the miners, dealers, and 

traders stressful. (Sovacool 2019)  

4.2.7 Collective bargaining 

 

Industriall, which is global worker union federation, reports at least 4 mining related worker 

unions in DRC: TUMEC, CSC, UNTC and OTUC. For example, workers of Glencore and 

Gecamine mines are part of the TUMEC. (Industriall 2018a) In the future, TUMEC aims at 

organizing workers from subcontractors and artisanal mines. It can be considered as 

established union e.g., in Kolwezi and Lubumbashi mines and it has been planning to start 

targeting also Mutanda and Kamoto mines. (Industriall 2018b)  
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There have been successful strikes by the LSM workers and unions. One strike concerned 

12 000 people working in Tenke Fugurume mine who were confined in the mining area due 

to COVID-19 pandemic. They were paid allowances due to mistreatment, where the workers 

were not allowed to commute from home, but they were forced to live in the mining site to 

avoid getting the corona virus. (Industriall 2020) ASM workers do not have negotiating 

power (World Vision 2013). According to multiple studies there has not been signs of forced 

labor in cobalt mines (BGR 2019; Tsurukawa 2011). 

4.2.8 Social security 

 

There is no proper social security system in DRC. If someone gets sick or is injured, they 

must pay for the treatment by themselves. Also, they often must walk long distances to get 

to the hospital. (Afrewatch 2020a) A new taxation system in order to create some sort of 

social security has been established recently. Workers pay 5 % of their salary for health 

insurance. Pension, disability, occupational accidents and diseases, maternity and family 

expenses are paid from that insurance if the insured has been in coverage for required time. 

The insurance concerns formal working sector only. (Office of Retirement and Disability 

Policy 2019) Another option is voluntary mutual health insurance that a worker can join. It 

covers 80-85 % of the medical expenses. There are also different humanitarian aid 

organizations offering help using methods like cash transfers and vouchers intended for the 

poorest people. (Tull 2018) 

4.2.9 Local employment 

 

Mining code demands that the mining companies should use local workforce, but usually 

the local workers do not have required skills to work in industrial mines (Respondent 5). 

Professionals that are needed in mines are e.g., plumber, cartographer, electrician, 

topographer, engineer, chemist and geologist. From the LSM mining company point of view 

the employment of the locals is difficult since they lack the skills, and it is not possible to 

employ everyone. Often the communities around do not have secondary schools, which 

reduces the possibility to get a good education. On the other hand, locals feel that LSM 

companies do not want to employ them for even simple tasks. (Cordaid 2015, 25-27) 
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Locals often have only short-term working contracts with LSM companies. If local people 

are employed by mining companies, the duration of the employment is often 21 days. After 

that they hire new person for the same job. Same persons may be employed again after 5 

months. This all is due to legislation, because after 21 days there would be some 

responsibilities to the company towards the employee. (Respondent 8; Cordaid 2015, 27) 

The employment of the local people seldom benefits the rural communities since the 

employees often move to nearby larger city probably due to better living conditions (Cordaid 

2015). 

4.2.10 Local community pollution exposure and diseases 

 

Cities and villages are often built around mines making them vulnerable to damage caused 

by mining accidents and pollution. In some cases, the local community is highly dependent 

on the mining activity. If the nearby mine is closed people may lose access to e.g., healthcare, 

and clean drinking water. (Respondent 8)  

 

Pollution may cause different health effects in communities near mines. High concentrations 

of different metals e.g., cobalt, manganese, uranium and nickel in people living near mining 

sites have been detected in urine test. High exposure to cobalt causes multiple medical 

conditions affecting life quality. These are for example, lung diseases (asthma, hard lung 

disease), dermatitis and thyroid conditions. (Banza Lubaba Nkulu 2009; Banza Lubaba 

Nkulu et al. 2018; Respondent 9). Persistent cough is highly common in mining communities 

(World Vision 2020). In addition, polluted water causes diseases like diarrhea (Cordaid 

2015). 

 

Lead, copper and manganese have been connected to birth defects. Normal appearance of 

birth defects is 1 major birth defect per 33 births. A study showed 0,1% having birth defects 

in mining area. The percentage of fathers working in mining industry was higher among 

children with birth defect. A previous study of the same group also suggested that mothers 

living closer to mining and refining sites were more likely to have child with birth defect. 

(Vaan Brusselen et al. 2020) DRC has one of the highest newborn mortality rates birth 

defects being one of the main reasons for that (WHO 2020a). 
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Following health impacts have been linked to trace metals found in high quantities by Banza 

Lubaba Nkulu et al. (2009; 2018). Copper exposure can cause liver and kidney damage, 

anaemia, immunotoxicity and developing toxicity. In addition, nausea, vomiting and 

abdominal pain are symptoms of high copper ingestion. (ATSDR 2004) Exposure to uranium 

has been connected to kidney cancer and kidney failure. This due to uranium being filtered 

by kidneys (ATSDR 2013). High manganese exposure may cause neurological effects 

especially in children, but it may cause life complicating functional difficulties also in adults 

(ATSDR 2012). Nickel is recognized to be carcinogenic and cause skin irritation due allergy. 

It also causes lung diseases. (ATSDR 2005) 

 

Cheyns et al. (2014) studied pathways of human exposure to cobalt in DRC. The 

concentrations in children were higher than adults. The main exposure routes were eating 

maize flour and legumes, which were grown in polluted soil. Dust was also significant 

exposure pathway when considering children. High exposure in small children might be due 

to having soil as house flooring instead of covering it (Smolders 2019).  Eating soil as an 

exposure route in general has also been recognized in a study by Xie et al. (2017). 

 

The overall health in the communities near mining site is worse compared to other areas. 

There is a greater risk of HIV, diarrhea, hepatitis, meningitis, bilharziasis, cholera, typhoid, 

tetanus, typhus, malaria, yellow fever, and tuberculosis. (Tsurukawa 2011, 29) In a study 

related to ASM in Ghana, 80 % of the ASM community reported malaria symptoms, whereas 

67 % of agricultural community had similar symptoms. This may be due people from ASM 

community living near standing water more often compared to agricultural community. 

(Basu et al. 2015) Large portion of malaria deaths (67 %) is in age group children under 5 

years old. Other groups vulnerable to malaria are pregnant women and HIV patients. (WHO 

2021a).  

 

The HIV prevalence of people living in ASM mining areas, who were tested was 7 % in 

2013, whereas the normal prevalence in DRC was 0,8 % in 2019. (GSS 2013 according to 

Schwartz et al. 2021; UNAIDS 2021) Similar difference between prevalence has been 

noticed in Ghana (Adjei et al. 2014 according to Schwartz et al. 2021). The coverage of HIV 
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treatment is constantly increasing being 74,5 % in 2020. The HIV prevalence among sex 

workers in DRC is 7,5 %. (UNAIDS 2021) 

 

Waterways are blocked and polluted by the mining operations. People are used to drinking 

from natural sources. Water price is high. Residents need to pay for the treated water that 

does not cause sickness. Earlier there was a public tap provided by a former mining company 

working in area, but the mine closed. (Respondent 8) Drinking water quality has been studied 

in mining areas. Higher amount of trace elements and coli bacteria has been found compared 

to other areas. (Banza Lubaba Nkulu et al. 2018; UNICEF 2019) The overall amount of 

people drinking from unprotected water sources in cobalt mining provinces is high. The 

share of people drinking from unprotected water source in Lualaba province is 56 %. 

(UNICEF 2019) 

4.2.11 Forced evictions 

 

Forced evictions cause conflicts. In one neighborhood in Kolwezi people were evicted from 

their homes, because rich cobalt mineral was found under their houses. (Respondent 6) In 

2019, 10 000 families were relocated to expand mining area and in 2018 600 families were 

evicted from a different area. In both cases compensations were paid to families. (Kannah 

2019; Amnesty International 2019) There were also forced evictions in 2009, where a 

residential area was bulldozed to the ground by a cobalt and copper mining company 

(Amnesty International 2018). 

 

Communities of indigenous people are displaced and migrated by the LSM companies in 

order for the companies to be able to construct their own buildings or infrastructure there. 

Traditional hunting ground and agricultural areas may be closed causing food insecurity. 

Also, malnutrition is caused by inflation due to miners outside local community who have 

more money to spend than locals. (Sovacool 2019) 
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4.2.12 Other autonomy infringements 

 

Forced labor, debt bondage and human trafficking have been studied in eastern DRC, but 

since the situation there is completely different compared to Copperbelt the results can not 

be applied in this study. (Schwartz et al. 2021) 

 

Cuvelier (2014) studied masculine roles among Katangese AMS miners. Mainly young 

miners have adapted themselves edgy identity with an attitude that societal rules do not apply 

to them since their style of life differs from other people. They gain respect from each other 

by showing no emotion and acting calm during dangerous situations. They distinct their 

subculture from other people in several ways like deviant behavior and having their own 

slang. Buying expensive clothes, alcohol and drug use and prostitution is also part of this 

culture. Older miners with children usually behave more responsible.  The separative culture 

has been mentioned one of the reasons children involved with mining having difficulties 

going back to school and different kind of life. Alcohol and drug abuse can also lead to 

addiction forcing miners to work in mines to earn money to buy more substances (Sovacool 

2021; Niarchos 2021). 

 

The violence is caused by substance abuse and social problems concentrated on the mining 

areas. Prostitution has also been recognized as one of the side effects of mining activity. 

There is also higher rates of theft, violence and sexual abuse.  (Sovacool 2021; Hayes and 

Perks 2011) In eastern DRC conflict areas, where other minerals than cobalt are mined, 

sexual violence is used as punishment to prevent poaching and mineral trafficking (Rustad 

2016). This or other challenges linked to the eastern DRC should not be confused with social 

challenges in DRC Copperbelt, which situation largely differs from conflict areas. 

 

According to study performed near Kolwezi 65 % of local children had been subject to 

violence. All interviewed women had suffered from violence caused by sexual partner and 

75 % of them had faced sexual violence. Due to sexual violence 45 % of women had 

considered suicide at some point of their lives. (GSS 2013 according to Schwartz et al. 2021) 
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4.2.13 Positive impacts 

 

It must be emphasized that government makes positive efforts to improve the situation with 

social impacts of mining industry (Respondent 5). In addition, NGOs work on the matter 

(Respondent 4). According to Zvarivadza (2018) formalization of ASM would benefit all 

parties. ASM workers can mine in the areas where large scale mining is not profitable. 

Formal ASM areas would reduce the risk of conflicts and illegal taxes and stabilize the 

income of ASM miners. It would also protect the miners from forced evictions. Province of 

Lualaba has invested 32 million USD to building and development of trading center and 

ASM mining area (Afrewatch 2020a). 

 

In formal artisanal mining areas, open spaces are cleared so the miners do not have to dig 

tunnels and are able to access the ore easier. On the other hand, people were forced to move 

from their homes to be able to create the area. They also train cooperatives to supervise the 

mining activity in formal artisanal mining areas. Working with cooperative is required from 

miners. Cooperatives are trained in finance to create a new middle class. (Respondent 5) 

 

Mining companies often improve infrastructure because it benefits their activities. Some 

companies build schools and hospitals for their workers. (Sovacool 2019) Benefits of those 

are uncertain to the local community. Some cases the mining companies have built good 

hospitals for their workers and badly equipped hospitals to local people (Cordaid 2015). 

 

The mining code of DRC was revised in 2018 to improve the situation. One of the main 

goals was to increase sustainable development in local communities. After two years of 

revision many aspects of it are not applied in practice or they are only partially implemented. 

(Cordaid 2020) 

 

Mining code requires that social and environmental aspects are included in mining project. 

It demands that companies must sign a contract with local community in presence of local 

authority. The contract must be accepted by commission and if the promises are not fulfilled 

there will be sanctions. There is also environmental certificate that is provided by the 

authorities. If the terms of the certificate are not met, it can be taken away and the operations 
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of the mine in concern are shut down.  (Respondent 5; Cabinet du Président de la République 

2018) 

 

New mining code states that 15 % of the mining royalties should be paid to the communities. 

During the previous law they were transferred to central government, but now they are 

received by Decentralized Territorial Entities. Money is used in community development 

like building hospitals and infrastructure. Mining code requires companies to have plans on 

how to contribute to community development. Community development funds have been 

developed. Mining companies should pay the minimum of 0,3 % of the production to 

community development. Pact Congo is an organization funded by mining companies. It is 

supposed to use the money to improve mining affected communities e.g. to reduce child 

labor. (Respondent 5; Cabinet du Président de la République 2018)  

 

The old mining code allowed mining companies 10-years-time to stabilize their operation 

before being required to pay for community development. This has been changed in the new 

mining code to benefit the communities. (Respondent 5; Cabinet du Président de la 

République 2018) 

 

4.3 Transportation of cobalt in and from DRC 

 

Cobalt from ASM origin is first transported to a dealer and then exported from DRC. Then 

cobalt is transported from DRC to Tanzania or South Africa usually by tractor trailer. From 

there it is transported by ship to Asia, usually to China. (Frankel 2016) 

 

Transporting cobalt ore from mining site to dealer can be dangerous. People are sometimes 

robbed, or they may disappear never coming back. Children carrying ore next to road are 

sometimes run over by cars. (Sovacool 2019) Transportation can also be carried out by 

motorcycles or bicycles (Sovacool 2021). Sacks as heavy as 70 kg are loaded on the bike 

and the vehicle is pushed, because it is too heavy to pedal. The transportation to the trader 

may take from 10 to 12 hours and is dangerous due to other traffic. Lifting and carrying 

heavy sacks cause health problems. (Sovacool 2019) 

  



40 

 

There has been traffic accident related to transportation of refinery chemicals. In one incident 

sulfuric acid tanker truck was knocked down causing death of 21 people. 7 people were 

severely injured. (Afrewatch 2020b) Mining related road transport near residential areas also 

increases the amount of dust in houses causing health effects according to Respondent 8. 

 

4.4 Cobalt refining  

 

Cobalt is partially treated in DRC and partially in China because untreated cobalt ore and 

cobalt concentrate export has been forbidden since 2013. Currently, there is a special 

permission to export unrefined products due to insufficient treatment capacity in DRC. The 

aim is to increase the value of exported goods so the country could better benefit from the 

mining industry. (Reuters 2020)  

 

Different kind of cobalt products e.g. cobalt metal, cobalt hydroxide and cobalt alloy are 

produced using different pre-treatment and refining methods. Different methods can be 

smelting, acid leaching and hydrometallurgical treatment. (Crundwell 2020) The refining 

steps before acid leaching take place in DRC. Acid leaching is very energy intensive which 

is why it is mostly performed in China. (Dai et al. 2018) Even though the copperbelt is 

unified zone the geology differs between areas. Cobalt can be found in different forms e.g., 

malachite, pseudomalachite, cuprite, heterogenite and asbolane. The treatment process 

varies between different forms. (Santoro et al. 2019) 

 

Sulfuric acid, used in acid leaching, can be imported, or produced at the refining plant. 

Imported sulfur comes from Turkey or middle East. Sulfuric acid can be also imported from 

Zambia, which is a neighboring country. Some of the refineries have their own sulfur burning 

acid plant. Sulphur can be produced as a co-product of copper refining. (Crundwell et al. 

2020) Acid leaching of some cobalt minerals require use of reducing agent. Sodium 

metabisulfite is commonly used reducing agent in the process. (Santoro et al. 2019) 

 

Refinery workers in DRC have to carry heavy sacks of cobalt, which causes pain in the body. 

Cobalt is manually crushed in the refinery. Manual crushing is physically demanding, and 

workers have reported to be often sick or injured. (Elenge & De Brouver 2010; Amnesty 
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International 2016) There are no available records of social sustainability impacts on 

workers caused by acid leaching.  

 

There is little data available considering environmental impacts of acid leaching in China or 

DRC. It may also be difficult to separate the impacts of acid leaching from mining activity 

and smelting in DRC since all operations occur in the same area. Copper smelting causes 

damage to vegetation and soil resulting deforestation and erosion in downwind from smelter. 

It also creates similar dust as mining activity. (Shutcha et al. 2015) Burning of contaminated 

plants, litter, and soil biomass to produce energy causes pollution. (Mihaljevič et al. 2016). 

Energy is needed in acid leaching process as catalyst (Santoro et al. 2019).  

 

In 2016 Sicomines’ plant leached chemical substance to Luilu River. Over 6 000 people 

living nearby were affected. The accident caused damage to property and human health. Fish 

at the river died and around 30 suffered from severe symptoms. Being in contact with river 

water caused headaches and bleeding. In addition, there were long time health effect since 

the water was also contaminated in the wells and could not be drunk or used in irrigation. 

Since agriculture was the main livelihood in the area this had also other major social effects 

especially because part of the farmland was destroyed due to explosions caused by the 

incident. (Afrewatch 2017, 17-23)  

 

Acid is used in the ore treatment and it leaks to the water and fields destroying them. Fishers 

and farmers suffer because it affects their livelihood. In some cases, acid has leaked to 

surface water and children playing there have been injured (Respondent 10). Also, applying 

processes that consume a lot of water in already dry area is problematic (Crundwell et al. 

2020). 

 

Harmful SO3 and SO2 emissions are linked to Sulfuric acid production. (King et al. 2013) 

Sodium metabisulfite may cause SO2 emissions (US5753200A 1996). SO2 exposure has 

been studied in urban areas in China. It has been linked to cardiovascular diseases and related 

mortality (Wu et al. 2020), birth defects and crop damage caused by acid rain (He et al. 

2017). The social impacts unrelated to environment are more difficult to assess because lack 

of data.  
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5 SOCIAL LIFE CYCLE ASSESSMENT OF COBALT MINING 

The goal and scope of the SLCA study is defined in this chapter. Inventory data is collected 

and severity weights concerning impact assessment are presented. 

 

5.1 Goal and Scope 

 

The goal of this desk-study was to quantify generic social sustainability impacts of cobalt 

production in DRC. The results are used in identifying how cobalt mining impacts on human 

wellbeing and what are the most significant impacts. This study concentrated on two affected 

stakeholder groups: workers and local community. 

 

The function of the product system, modelled in this SLCA study, was to produce cobalt ore. 

Pure cobalt was used as a reference flow. The functional unit of this system was production 

of 1 kg of pure cobalt.   

 

System boundary of this study was cradle-to-gate including mining related activities 

concerning ASM and LSM mine workers and local communities were included. Energy 

production needed for vehicles and tools in LSM was excluded. Chemical processing of the 

mineral was excluded. Transportation was excluded. System boundary concerning cobalt 

life cycle stages linked to LiB manufacturing are presented in figure 1. All cobalt mining 

stages included in this study were handled as one process per stakeholder group since most 

cases it was difficult to differentiate the impacts of e.g., mining and crushing from each 

other. 
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Figure 1. System boundary of cobalt production/LiB manufacturing system 

 

All data used in this study was average and generic. No site-specific data could be acquired 

due to restrictions caused by COVID-19 pandemic. No stakeholders were involved for data 

gathering for the same reason. Data was searched from scientific literature and reports of 

global organizations.  

 

SLCA modelling was executed by using open LCA modelling tool. No existing databases 

were utilized. Weidema’s version of QALY (aka WELBY) was used as impact assessment 

method. All data and severity weights were searched and calculated and added to the 

modelling tool. Modelling was done according to ISO 14040 and ISO 14044 standards and 

SLCA guidelines by Life Cycle Initiative (2020).  

 

Traditional impact pathway was chosen as the approach of this study since it was considered 

the most suitable way to assess long term social impacts including socio-economic and 

biophysical indicators. Impact pathway is a consequential approach. Human wellbeing was 

chosen as AoP.  
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Following impact categories were included in the study: 

 

• Occupational accidents 

• Occupational diseases 

• Diseases in local community 

• Child labour 

• Children out of school 

• Compensation 

• Excessive work 

• Fair wage 

• Gender related participation restrictions 

• Inadequate access to health care 

• Inadequate access to pensions or social security 

• Interpersonal or communal violence 

• Refugees or internally displaced 

• Stressful working conditions 

• Threats of violence or other contact crimes 

 

Only diseases that are directly caused by cobalt mining were included. These are silicosis, 

lung cancer, birth defects, malaria and HIV. Other included health related indicators that 

were recognized in literature review were heavy alcohol consumption and drug abuse. Non-

communicable diseases that are caused by multiple factors e.g. genetics or presence of other 

trace elements or compounds are excluded due to lack of data. HIV and malaria were 

recognized as significant communicable diseases related to ASM communities. In addition, 

neonatal conditions (birth defects), malaria, HIV and chirrhosis of the liver, which can be 

associated with heavy alcohol consumption, have significance due to being among top ten 

leading causes of death in low-income countries (WHO 2020b). Other health impacts and 

prevented social sustainability impacts e.g. health impacts due community development 

recognized in the literature review were excluded due to lack of data. Activity variables 

suggested by Life Cycle Initiative (2020) or weighting were not used. 
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The impacts of the LSM mining operations and impacts to local community were allocated 

between cobalt and copper by mass, when necessary. It was assumed that artisanal workers 

mined heterogenite and therefore there was no need for allocation in ASM. 

 

The deviances considering completeness and consistency that may affect the end results are 

assessed as part of the discussion. The completeness and consistency are reviewed as 

recommended by Life Cycle Initiative (2020). Data quality was assessed according to 

pedigree matrix. The results are presented in the appendix 7. 

  

5.2 Inventory analysis 

 

Inventory data was collected based on the figure 2. Boxes marked with green color are 

included in the study. Orange boxes are indicators presented by Weidema (2006) that were 

classified as not relevant considering this study. Yellow color presents inventory indicators 

that might have impacts, but due to lack of data they could not be included. Blue boxes in 

the left corner of the figure are impact indicators introduced by Life Cycle Initiative (2020) 

which the author would have liked to connect to the model, but the implementation was too 

challenging due to lack of existing severity weights. The results were calculated for annual 

cobalt mining activity and then scaled per 1 kg of pure cobalt.  
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Figure 2. Indicators related to included stakeholder groups and WELBY methodology 

 

Due to clarity for now all impacts are referred as DALY instead of WELBY or QALY since 

the calculations before endpoint indicator (QALY) are measured as DALYs. Weidema’s 

implementation of QALY is referred as WELBY. The social sustainability impacts in DALY 

(WELBY) indicator are calculated by adding life years lost due mortality and years lived 

with disability affecting wellbeing together. Following equations were used to calculate 

impacts based on inventory data: 

 

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿 + 𝑌𝐿𝐷 

𝑌𝐿𝐿 = 𝑡𝑒𝑥𝑝 − 𝑡𝑑𝑒𝑎𝑡ℎ 

𝑌𝐿𝐷 = 𝑤 ∗ 𝐷 

 

Where YLL is years of life lost, YLD is years of life disabled, texp is expected age in 

population, tdeath is actual age of death, w is severity weight and D is time duration of the 

disability. (Life Cycle Initiative 2020) Everything except severity weights is expressed in 

years. Severity weights are based on reviews on how much a certain disability affects human 

wellbeing. Disabilities can be put to scale on how much more likely people would prefer 
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having one condition over another if they could choose e.g. between amputated toe and 

malaria. (WHO 2003) 

 

DALY calculations are usually done by assessing different stages of diseases and mortality 

in different age groups. In this study the model was simplified using the average age the 

disease occurred and average time before mortality. 

 

There is not one correct way to calculate DALYs even though it is often implemented as in 

disease of burden studies (Park et al. 2019). In this study, the prevalence data of different 

disabilities was used as a base for the calculation mainly due to availability reasons. 

However, the prevalence data for different stages of diseases were not available. The 

different stages were assessed by dividing the duration of stage by the life expectancy thus 

calculating the share of life stakeholders experienced disability. Allocated to the mining 

activity by multiplying it with the share of life the stakeholders were exposed to mining 

activity e.g., 42,7/60,7 years in case of adult workers. The resulting DALY was divided by 

annual cobalt production concerning the stakeholder group. Often DALY’s are calculated 

for certain time period e.g., year 2000 (Park et al. 2019), but in this case the disabilities 

occurring during stakeholder’s life related to cobalt mining is calculated per kg of cobalt. It 

could be thought that all the workers started working at the same time at the same age and 

during their lifetimes they experienced different disabilities and early death due to their 

profession of choice, which were added together when reaching their life expectancy. Since 

WELBY methodology has not been implemented in real life case before it is difficult to 

assess the optimal way to assign the different impacts in relation to 1 kg of cobalt. 

 

Durations of different disabilities are presented in Appendix 4. It was assumed that all other 

wellbeing effect were annual except short-term effect related to injuries. In addition, it was 

assumed that all workers work till their death since there is no proper social security system 

to enable retirement. 

 

Inventory data is presented in table 1. Reference data and more specific inventory data are 

presented in appendices 2 and 3. SLCA processes are described in detail in next subchapters. 

All impact categories mentioned in goal and scope definition are considered in all processes  
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relevant to the stakeholder group, but if the result is considered as 0 based on the literature 

review the description may have been left out. 

 

TABLE 1. Inventory data (life years /kg cobalt) 

 

Flow DRC: Cobalt mining ASM

DRC: Cobalt mining 

community DRC: Cobalt mining LSM

AIDS with mild anemia 2,30E-05

Alcohol problem use 8,60E-04

Amputation of finger, thumb or toe 1,52E-07

ASM pit manager 1,41E-04

ASM worker 1,42E-03

Burns of <20% total surface area without lower airway 

burns: short term, with or without treatment 2,15E-07

Child labor 3,64E-05

Children out of school 2,25E-03

Crime victim compensation 1,07E-04

Excessive work 1,89E-03 1,06E-04

Foot pain moderate 1,26E-05

Fracture of patella, t ibia or fibula, or ankle: short 

term,with or without treatment 1,53E-05

Fracture of radius or ulna: short term, with or without 

treatment 2,82E-05

Gender related participation restrictions 4,27E-03

General fracture 3,98E-07

Headache: tension-type 1,67E-03

Hearing loss: mild 4,96E-04 3,48E-05

Hip pain moderate 1,51E-05

HIV/AIDS cases, receiving ARV treatment 9,11E-04

Inadequate access to health care 1,89E-03 2,09E-04

Inadequate access to pensions or social security 1,89E-03 2,09E-04

Injury to eyes: short term 4,97E-04

Interpersonal or communal violence 3,21E-05 7,36E-04

Knee pain moderate 4,52E-05

Labor union restrictions 1,89E-03

Low back pain, moderate 1,72E-03 8,79E-05

LSM pit manager 1,92E-05

LSM worker 1,94E-04

Lung cancer metastatic 1,38E-06 2,39E-07 7,72E-08

Mild silicosis 9,95E-05 1,38E-06 5,56E-06

Moderate hearing loss 1,19E-04 8,36E-06

Moderate malaria 1,60E-03

Moderate silicosis 2,89E-05 1,57E-06

Mortality 7,89E-06 1,45E-08

Muscoskeletal problems upper limb pain moderate 3,10E-04 9,04E-05

Neck pain moderate 5,02E-05

Open wound: short term, with or without treatment 3,58E-04 6,44E-07

Other drug use disorders 1,45E-03

Other injuries of muscle and tendon 2,00E-07

Other musculoskeletal disorders severity level 1 (Leg 

pain) 6,89E-04

Poisoning: short term, with or without treatment 8,87E-05

Refugees or internally displaced 1,07E-04

Severe hearing loss 4,63E-05 3,25E-06

Severe motor plus cognitive impairment with blindness 1,05E-06

Severe silicosis without heart failure 8,69E-07

Skin irritation 1,61E-04

Stressful working conditions 1,89E-03 1,06E-04

Symptomatic HIV with mild anemia 4,28E-04

Threats of violence or other contact crimes 1,89E-03 1,19E-03

Yll Birth defects 3,59E-05

YLL HIV 2,04E-04

YLL Lung cancer 3,05E-05 1,63E-06

YLL Malaria 7,02E-04

Inventory by process
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5.2.1 ASM worker process description 

 

The model was created by connecting impact indicators, which are then calculated as life 

years lost and years lived disabled, to impact categories presented by Weidema (2006). The 

included indicators and categories in ASM worker process are presented in the figure 3. 

 

 

Figure 3. Indicators and categories concerning ASM worker process 

 

The annual ASM cobalt production in this study was chosen to be 19 000 tons (CRU 2018;). 

It was assumed that 255 000 workers of which 35 000 were children worked annually in 

ASM mining (Kara 2018). There were several lower estimations of the number of ASM 

workers, but this was selected, because it was most recent, and the author had searched and 

visited all possible mining areas instead of just estimating the number. It was assumed that 

ASM worker worked 12 hour per day without vacation days (Amnesty International 2016).  
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5.2.1.1 Occupational health 

 

Occupational diseases of ASM workers were assessed in this SLCA model. Banza Lubaba 

Nkulu et al. (2018) suggested that the studies concerning health consequences of ASM cobalt 

mining in DRC should include birth defects, neurodevelopmental impairment, respiratory 

disorders, heart and kidney disease and cancer. However, there were not enough data 

considering other impacts than respiratory effects and birth defects. 

 

Mortality in mining accidents was assumed to be 0,5 % annually in ASM (Tsurukawa 2011). 

According to multiple studies ASM workers experienced most accident at the age of 20-30 

years. 25 years was set as the average age of accident. (Elenge et al. 2013; Kyeremateng-

Amoah & Clarke 2015) 

 

The injuries and occupational hazards in ASM sector were assessed based on the studies by 

Elenge et al. (2013; 2010). All impacts from those studies were included except for cough, 

which is associated with silicosis and modelled separately. It was assumed that 60 % of the 

workers were diggers and rest of them were washers and crushers. It was assumed that 

workers started working at the age of 18 and were exposed to injuries for the rest of their 

working life, which is 40,7 years. Hearing loss was modelled according to Saunders et al. 

(2012) as cited in Basu et al. (2015). The rate of different types of hearing loss was based on 

Gyamfi et al. (2015). In that study the prevalence of hearing loss was studied at certain time 

point. Since hearing loss can develop multiple ways and different severity stages e.g. due to 

short or long time exposure there were not enough information available to build a disease 

model. Therefore, it was assumed that the certain time point expressed the annual share of 

different severity stages (WHO 2018) (figure 4).  
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Figure 4. Annual prevalence is allocated to 42,7 years of work. years/kg of cobalt expresses 

the results in same scale. 

 

Since child workers were recognized to be more vulnerable against health impacts and since 

they started their working life earlier compared to adults, they were modelled differently in 

some health categories. It was assumed that they started working at the age of 12, when 

considering silicosis and lung cancer. It was assumed that children did not work in the 

tunnels, before turning 18 years old and therefore were not exposed to occupational injuries. 

However, they were affected by nausea/copper poisoning (30 %), vision impairments and 

eye pain (25 %), skin irritation (34 %) and body pain (87 %). (World Vision 2013, 28)  

 

Silicosis is modelled based on Yang & Yang (2006). The 3 stages of silicosis and their 

durations are presented in the figure 5. Since the average life expectancy is only 60,7 years 

it is assumed that the silicosis never reaches stage III in adult workers and no life years are 

lost due to silicosis (World Bank 2019a). Children workers reach the stage III before the life 

expectancy is reached (figure 5). The disease model presents how many percent of the 

silicosis cases develops to next stage (appendix 6).  
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Figure 5. Development of silicosis in life years  

 

Lung cancer was modelled according to an assumption that silica dust exposure caused 1,5 

more lung cancer deaths compared to normal population (TTL 2021). The probability for 

normal population to get a lung cancer was estimated to be 1/16 as an average of different 

probabilities for male and female (American Cancer Society 2021). The latency time of lung 

cancer was estimated to be 22,8 years (Tae-Woo et al. 2010). It was assumed that average 

survival time was 1 year (Wabinga et al. 2011; Chokunonga et al. 2011). It was also assumed 

that the survival rate was 0 since the miners are poor and can’t afford expensive treatment. 

It was based on the studies conducted in Uganda and Zimbabwe in late 1990’s (Wabinga et 

al. 2011; Chokunonga et al. 2011). There were no recent cancer survival studies available 

from areas similar to DRC. Based on a study by Mielke et al. (2018) it was assumed that 50 

% of workers that has lung cancer also had silicosis. If worker had both silicosis and lung 

cancer it was assumed that the cause of death was lung cancer. This is to avoid double 

counting related to co-morbidity (McDonald et al. 2020). 

 

It was assumed that 52,8 % of the workers were great consumers of alcohol and 89 % used 

benzodiazepines or other drugs. (Elenge et al. 2013) It should be noted that benzodiazepine 
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is normal prescription drug used to treat anxiety and insomnia, but it is also commonly 

abused due to its narcotic effect (Schmitz 2016). It is not clear which is the case in study by 

Elenge et al. (2013), but as literature review revealed drug abuse exist in among ASM 

workers.  

 

5.2.1.2 Violence 

It was assumed that 1,7 % of the ASM workers faced violence, but the threat of violence 

affected everyone. The 1,7 was based on the share of people being subject to physical assault 

annually in general in Lualaba province (UNICEF 2019). 

 

5.2.1.3 Child labor 

The short-term effect of child labour was assessed as part of ASM mining process, but the 

long-term effect which were caused by lack of education were assessed in local community 

process together with other children that did not have possibility to participate school. It was 

assumed that average age for children to start working was 12 years (World Vision 2013) 

(figure 7). The duration of child labour was set to 6 years after, which the child was 18 years 

old, and it was considered normal work. The long-term damage e.g. reduced income was 

considered to last the whole adult life of the child worker (Weidema 2006). 

 

5.2.1.4 Excessive and stressful work 

ASM was considered considered as excessive work by the definition of ILO (2021b) since 

there are no vacation days and the working days are 12 hours a day in ASM (Amnesty 2016). 

Mines has been recognized as stressful working environments (TTK 2015) and it was 

assumed that all ASM workers experienced stress.  

 

5.2.1.5 Other autonomy infringements 

It was assumed that ASM workers, even if they belonged to the worker union, did not have 

power to collective bargaining (World Vision 2013). It was assumed that ASM workers did 

not have good access to healthcare or any social security or pension (Office of Retirement 

and Disability Policy 2019). 
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5.2.2 LSM worker process description 

 

The included indicators and categories in ASM worker process are presented in the figure 6. 

Other impacts were also assessed but were left out as the impact was considered as zero. 

 

 

Figure 6. Indicators and categories considering LSM worker process 

 

The annual LSM cobalt production was 80 000 tons (CRU 2018). Part of the impacts of LSM 

cobalt production were allocated to copper by mass, which was 14 000 000 tons. (NS Energy 

Group 2021) The number of LSM workers were estimated to be 30 000 (Respondent 5). The 

LSM workers were assumed to work 10 hours a day without any vacation days (Respondent 

4). 

 

5.2.2.1 Occupational health 

Occupational diseases caused by vibration in LSM were modelled based on Jeripotula et al. 

(2020). Due to lack of severity weights shoulders, elbows, hands and upper back were 

combined under one indicator: upper limb muscoskeletal problems. All vibration induced 

diseases were assumed to cause moderate disability. 

 

It was assumed that LSM workers were exposed to silica even though they used protective 

equipment. Silicosis and lung cancer were modelled similarly to ASM process.  

 

The mortality in occupational accidents were assumed to be 0,0071 deaths per 1 000 000 

working hours in LSM. It was assumed that the lethal accidents happened, when the 
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stakeholder was 38 years old on average. This was based on the age group of 38-47 

experiencing most accidents. The previous age group also experienced high amounts of 

lethal accidents, whereas the number of accidents was significantly reduced in the next age 

group, which is why 38 was seen as most suitable age to be usen in the study. (Stemn 2018). 

Annual mortality was calculated based on that and the assumption that LSM workers worked 

10 hours/day and 365 days/year. 

 

5.2.2.2 Other impacts 

It was assumed LSM requires excessive work since there are no vacation days and the 

working days are 10 h a day in LSM (Respondent 4). Mines has been recognized as stressful 

working environments and it was assumed that mine work caused stress to all LSM workers 

(TTK 2015).  

 

It was assumed that LSM workers had negotiation power due to worker unions since they 

work on contract. LSM workers were estimated to have access to healthcare and social 

security/pension due to new social security system and hospitals built by mining companies.  

5.2.3 Local community process description 

 

The inventory data for local community was based on the Kolwezi municipality data since 

it is built due and around cobalt mining industry. The population of the municipality is 

500 000 people. The annual cobalt production is 17 000 tons and annual copper production 

234 000 tons (Le Bec and Banda 2020). Respiratory health impacts were allocated to copper 

and cobalt by mass because the environmental pollution is due the whole mining industry. 

Other impacts were allocated for cobalt only. The included indicators and categories in ASM 

worker process are presented in the figure 7. 

 



56 

 

 

Figure 7. Impact indicators and categories considering local community process 

 

5.2.3.1 Health 

Local community exposure to hazardous amounts of trace metals was calculated by 

modelling number of people living near mines. It was assumed based on the studies by Banza 

Lubaba Nkulu et al. (2009;2018) that people living less than 3 km from area would be in 

danger to get health effects due to mining dust. Therefore, number of people living less than 

3 km from Kamoto mining area in Kolwezi was modelled. It was estimated that 1/3 of the 

500 000 residents of Kolwezi live less than 3 km from mine. It was assumed that local 

community was less exposed to the silica compared to mine workers and therefore the 

latency time for silicosis and lung cancer was longer both diseases occurring at the age of 60 

(McCormack & Schüz 2011). Since the life expectancy was 60,7 years no YLL was caused 

by lung diseases (World Bank 2019a). 

 

The definition of mining community is difficult.  In a study conducted by Faber et al. 2017 

mining community was defined as community, which closest border is maximum of 5 km 

from mine. It was also studied that 90 % of the miners live within 5 km of the mine and 100 

% withing 10 km of the mine. Based on these definitions Kolwezi, which border starts 

directly from the mining cite and the furthest point is less than 10 km from the mine is 
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defined as mining community. Following health impacts are calculated based on the 

population of Kolwezi. 

 

Birth defects were modelled based on Vaan Brusselen et al. (2020). The normal incidence 

of birth defects was subtracted from the incidence precented in the study. 

 

Malaria was modelled based on Basu et al. (2015). The age of death caused by malaria was 

set to 5 years since majority of the malaria deaths happen to children under 5 years old. 

HIV patients is another malaria vulnerable group, but it is assumed that their deaths are 

consequence of HIV instead of malaria. (WHO 2021a) 

 

HIV was modelled subtracting the normal prevalence of HIVin DRC (0,8 %) from the 

assumed prevalence of the HIV in mining areas (7%) (GSS 2013 according to Schwartz et 

al. 2021; UNAIDS 2021). It was assumed that HIV cases were caused by mining camp 

lifestyle and the average age of getting HIV was 20 years and average age of death was 33 

years for 13 years is average lifetime after getting HIV without treatment (figure 8). It was 

assumed that the symptoms of HIV started after 5 years after getting the infection since it 

often takes several years for the symptoms to occur. (National institutes of Health 2020) It 

was assumed that 74,5 % of the patients received treatment thus not dying prematurely 

(appendix 6) (UNAIDS 2021). In other words, it calculated followingly:  

 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑏𝑢𝑟𝑑𝑒𝑛 𝑐𝑎𝑢𝑠𝑒 𝑥 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑡𝑜 ℎ𝑒𝑎𝑙𝑡ℎ 𝑠𝑡𝑎𝑡𝑒 

 

(Devleesschauwer et al 2014). 
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Figure 8. Stages and duration of HIV infection 

 

5.2.3.2 Violence 

It was assumed that 65 % of the children whose parents worked in ASM were subject to or 

threatened by violence due to ASM mining or its social consequences e.g. substance abuse 

to their parents. It was assumed that every family had 10 children. It was assumed that all 

women living together with ASM digger faced violence or were threatened by it. (GSS 2013 

according to Schwartz et al. 2021) These were modelled using national number of ASM 

cobalt workers and annual national ASM cobalt production. It was assumed that all diggers 

were men and 60% of ASM workers were diggers (Elenge & De Brouver 2010). 

 

5.2.3.3 Fair wage 

Fair wage was calculated by comparing minimum living wage and normal consumption to 

wage earned by workers. Minimum living wage is based on the average family size, which 

is 10 in cobalt mining provinces (MPSMRM 2014). Monthly minimum living wage for 10-
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person-family is calculated based on the basic expenditure basket by World Food 

Programme (2020) for 6 people in DRC. Fairwage calculation was based on the survival 

minimum expenditure basket, which was 109,62 USD. It is assumed that there are two 

parents is the family and both are working in ASM. Child work is not included in fair wage 

calculation. It was also assumed that 9 % of the ASM and LSM workers were pit managers 

(Geenen et al. 2021). As an exception fair wage was calculated using number of workers in 

DRC and annual national cobalt production. Fair wage is described in more detail in next 

chapter. 

 

5.2.3.4 Inequality 

Inequality in working in mining industry and in participation faced by women, because their 

gender was also studied. It was assumed that women lacking access to jobs at mining site, 

better paid mining jobs and ability to influence decision making concerning mining activity 

and community development projects experienced unequal opportunities. It was assumed 

that all women in Lualaba province in age group of 15-64 years faced inequality due to 

participation restrictions concerning mining activity. About 25,6 % of the DRC population 

is 15-64-year-old women (United Nations 2019). Gender inequality was calculated using 

national scale data instead of Kolwezi data. 

 

5.2.3.5 Local employment 

The local employment was calculated by estimating the amount of non-local workers and 

calculating social impacts that could have been avoided if local were employed in LSM 

mining. Following indicator were considered: inadequate access to healthcare and 

inadequate access to pension/social security. It was assumed that 98 % of the 30 000 LSM 

workers were not originally from local communities, but from other parts of the DRC 

(Respondent 8). Gender inequality was calculated using national scale data instead of 

Kolwezi data. 

 

5.2.3.6 Children out of school 

The loss of education and future salary due to children being out of school was calculated 

by using the long-term child work severity weights by Weidema (2006). It was assumed that 

33,5 % of children aged 6-18 years (Unicef 2019, 242, 245, 248) were not able to attend to 
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school in Kolwezi municipality mainly due to the financial effects caused by mining activity 

e.g. loss of income from traditional livelihoods. The percentage of children out of school 

was calculated as average of children being absent in different educational stages in Lualaba 

province. The age group presents 33,5 % of the total population (United Nations 2019). The 

impact of children not being able to attend school was based on them earning less money 

compared to more educated people when they entered working life at the age of 18. 

 

5.2.3.7 Forced migration 

Based on the two forced migration cases that were only ones recorded during last 10 years. 

The number of forcefully migrated people were allocated for 10 years the annual number of 

evicted people being 10600. It was assumed that all evicted people were compensated. 

(Kannah 2019; Amnesty International 2019) Eviction and compensation were calculated 

using national data instead of Kolwezi data. 

 

5.3 Impact assessment 

There was not any suitable set of impact indicators that could have been used alone to include 

all selected indicators. Literature was searched to find additional severity weights. Severity 

weights were added to open LCA impact assessment methods instead of social indicators, 

which were not suitable for impact pathway modelling. 

 

The inventory data was divided into different categories using WELBY characterization 

model. The WELBY is calculated by estimating the share of people being affected by the 

different social impacts. The impacts are calculated at a scale from 1 to 0. One being one full 

life year with full life quality and zero being death. Negative values are considered worse 

than death. For example, being subject to torture can be considered worse than death. Results 

are divided into different categories and subtracted from full wellbeing. (Weidema 2006)  

 

Modelling is executed by using disability severity weights by GBD (2019) and Weidema 

(2006) (table 2-7). The severity weights for short time injuries by GBD (2019) are calculated 

assuming the actual duration of injury whereas the long-term impacts are annual. The 

severity weights are based on DALY method and the final QALY results are calculated by 
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subtracting them from full wellbeing. The severity weights and categories are presented in 

following tables. 

 

Mortalities can be caused by accidents and diseases. Mortalities are presented in table 2. 

 

TABLE 2. Mortality 

Mortality YLL 

Impact Severity weight References 

Death 1 Weidema 2006; WHO 2003 

 

Severity weight for non-lethal health impacts included in SLCA model are presented in table 

3. Same severity weights are used in WHO’s burden of disease studies (GBD 2019). 
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TABLE 3. Non-lethal health impacts (GBD 2019) 

Non-lethal health impacts GBD 2019 

Flow Severity weight 

AIDS with mild anemia 0,583 

Alcohol problem use 0,115 

Amputation of finger, thumb or toe 0,007 

Burns of <20% total surface area without lower airway burns: short 

term, with or without treatment 0,016 

Foot pain moderate 0,079 

Fracture of patella, tibia or fibula, or ankle: short term,with or without 

treatment 0,05 

Fracture of radius or ulna: short term, with or without treatment 0,028 

General fracture 0,0111 

Headache: tension-type 0,037 

Hearing loss: mild 0,01 

Hip pain moderate 0,079 

HIV/AIDS cases, receiving ARV treatment 0,078 

Injury to eyes: short term 0,054 

Knee pain moderate 0,079 

Low back pain, moderate 0,02 

Lung cancer metastatic 0,451 

Mild silicosis 0,019 

Moderate hearing loss 0,027 

Moderate malaria 0,051 

Moderate silicosis 0,225 

Muscoskeletal problems upper limb pain moderate 0,117 

Neck pain moderate 0,114 

Open wound: short term, with or without treatment 0,006 

Other drug use disorders 0,116 

Other injuries of muscle and tendon 0,008 

Other musculoskeletal disorders severity level 1 (Leg pain) 0,023 

Poisoning: short term, with or without treatment 0,163 

Severe hearing loss 0,158 

Severe motor plus cognitive impairment with blindness 0,625 

Severe silicosis without heart failure 0,408 

Skin irritation 0,011 

Symptomatic HIV with mild anemia 0,277 
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Severity weights for autonomy infringements used in this SLCA model are presented in table 

4. The long-term damage for child labor is used in assessing the inequality caused by lost 

income due lack of education caused by children not being able to attend school. 

  

TABLE 4. Autonomy infringement 

Autonomy infringement 

Infringement 

Severity 

weight (Short-

term damage) 

Severity weight 

(Long-term damage) References 

Child labor 0,4 0,15 Weidema 2006 

Excessive 

work 0,2 0 Weidema 2006 

Interpersonal 

or communal 

violence 0,2 0 Weidema 2006 

Crime victim 

compensation -0,1 0 Weidema 2006 

Refugees or 

internally 

displaced 0,3 0 Weidema 2006 

 

Severity weights for indicators relating to non-clinical anxiety are presented in table 5. 

 

TABLE 5. Non-clinical anxiety 

Non-clinical anxiety 

Impact Severity weight References 

Inadequate access to health 

care 0,09 Weidema 2006 

Inadequate access to pensions 

or social security 0,09 Weidema 2006 

Threats of violence or other 

contact crimes 0,09 Weidema 2006 

Stressful working conditions 0,09 Weidema 2006 
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Severity weights modelled for fair wage are presented in table 6. Cookson et al. (2021) 

proposed that household consumption could be calculated similarly to health effects in scale 

from 1 to 0. One being standard consumption and zero minimum consumption. Severity 

weights were calculated using following equations by Cookson et al.: 

𝑤𝑖,𝑡 = ℎ𝑖,𝑡 + 𝑢(𝑐𝑖,𝑡) − 1 

 

𝑢(𝑖, 𝑡) = 𝐴 − 𝐵 ∗ (𝐶𝑖,𝑡)1−ղ 

 

𝐴 = 𝑐𝑚𝑖𝑛
(1−ղ)

/(𝑐𝑚𝑖𝑛
(1−ղ)

− 𝑐𝑠𝑡𝑑
(1−ղ)

) 

 

𝐵 = 1/(𝑐𝑚𝑖𝑛
(1−ղ)

− 𝑐𝑠𝑡𝑑
(1−ղ)

) 

Where 

 

• wi,t is period-specific wellbeing function (QALY) 

• hi,t is health (QALY) 

• ղ is elasticity of the marginal value of consumption  

• cstd is standard consumption for good standard of living (USD) 

• cmin is minimal consumption for a life worth living (USD) 

 

cstd is set to 500 USD per month for 10-person-family was based on 500 USD being from 

the high end of the salaries paid for Congolese LSM workers (RAID 2019). cmin is based on 

the Survival Minimum Expenditure Basket (SMEB) by World Food Programme (2020), 

which is 109,62 USD/ 6 persons. The average family size is assumed to be 10 persons. It 

was assumed that there were two parents in the family one working as digger in mining and 

another in ore washing or farming earning 1 USD/day. The assumed wages for different 

worker categories were: 

 

• ASM worker 90 USD/month (Amnesty International 2016) 

• LSM worker 200 USD/month (RAID 2009) 

• ASM pit manager 300 USD/month (estimated from BGR 2019) 

• LSM pit manager 500 USD/month (RAID 2019). 
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Variable ղ was set to 1,26 based on the Cookson et al. (2021). Different from Cookson et al. 

it was assumed that health was one and health effects were not involved in the unequal 

opportunities disability weights since they are calculated separately. Severity weights were 

modified from QALY to DALY form by subtracting the result from 1. 

 

TABLE 6. Fair wage 

Unequal opportunities (Fair wage) 

  Severity weight Reference 

W_ASM worker 1,08 Cookson et al. 

W_LSM worker 0,81 Cookson et al. 

W_ASM pit manager 0,48 Cookson et al. 

W_LSM Pit manager -0,18 Cookson et al. 

 

Severity weights for participation restrictions are presented in table 7. Weidema (2006) 

estimated the severity weight for participation restriction to be 0,1. In this study it was 

assumed that all participation restriction related severity weights were 0,1. 

 

TABLE 7. Participation restrictions 

Participation restrictions 

Impact Severity weight References 

Labor union restrictions 0,1 Weidema 2006 

Gender related participation 

restrictions 0,1  Weidema 2006 
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6 RESULTS 

The results are presented in the table 8. Current level of wellbeing (2,85E-02) is the endpoint 

QALY for the cobalt mining in DRC. It is also expressed as percentage to better reflect the 

lost wellbeing. The result should not be interpreted as stakeholders being only 80,81 % alive, 

but as them experiencing their life being 80,78 % between life and death (WHO 2003). The 

full wellbeing of workers was calculated by dividing the annual number of workers by the 

annual cobalt production, which is first multiplied by share of working years of DRC’s life 

expectancy. This is done in order to allocate the years spent disabled to 1 kg of cobalt since 

different disabilities occur at different time of life. The full wellbeing of local community is 

calculated by dividing population of Kolwezi with Kolwezi’s annual cobalt production. All 

results are scaled based on the share of annual cobalt production followingly: ASM 0,2 kg, 

LSM 0,8 kg and local community 1 kg.  Results of different processes are presented in 

Appendix 5. 

 

TABLE 8. Results 

Total results 

Impact 

Total 

Damage 

% of full 

wellbeing 

Value of full well-being 

before impacts 3,15E-02 100 % 

Mortality 9,82E-04 -3,12 % 

Non-lethal health impacts 7,98E-04 -2,53 % 

Autonomy infringements 5,88E-04 -1,87 % 

Anxiety 8,34E-04 -2,65 % 

Unequal opportunities 2,24E-03 -7,10 % 

Participation restrictions 6,16E-04 -1,95 % 

Current level of wellbeing 

due to cobalt mining 2,55E-02 80,78 % 

 

Cobalt mining had largest impact on artisanal mine workers’ wellbeing due to non-lethal 

health impacts and non-clinical anxiety. LSM workers had second most wellbeing impacts 

mostly caused by autonomy infringements and non-lethal health impacts. Local community 

had least wellbeing impacts suffering most from the unequal opportunities due to wage 

inequality. The results can be presented as total damage (QALY) or as percentage of full 

wellbeing. Since the full wellbeing per kg of cobalt is relatively small in ASM and LMS 

compared to local community due to less people being exposed, the results are presented in 



67 

 

both forms for them to be easier to understand (figure 9). The share of ASM of the total 

wellbeing before impacts are subtracted is only 6,0 % and the share of LSM 0,67 %. The 

term total used in figure 9 means the total QALY of cobalt mining in DRC presented in 

previous table.  

 

  

Figure 9. Total results and results per process as QALY and percentage of full wellbeing 

 

The wellbeing of the ASM workers were reduced to 5,48% of the full wellbeing. The impacts 

considering ASM workers in DALY unit before they are subtracted from full wellbeing to 

produce QALY are presented in figure 10. Notable wellbeing impacts were caused by labor 

union restrictions in participation restrictions category. Non-clinical anxiety caused most 

impacts inadequate healthcare inadequate access to pensions and social security, stressful 

working conditions and threats of violence each contributing -9,0 % of ASM workers’ 

wellbeing. Mortality was mostly caused by accidents. Alcohol problem use, headache and 

drug use caused largest non-lethal health impacts. Excessive work as autonomy infringement 

caused significant impacts.  
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Figure 10. Results per flow considering ASM workers (DALY)  

 

The results considering LSM workers are presented in figure 11. Stressful working 

conditions in non-clinical anxiety caused large health impacts. Life years lost due to lung 

cancer caused most mortality. The largest contributors in non-lethal health impacts were 

disabilities caused by whole-body vibration e.g., knee pain, low back pain, muscoskeletal 

problems, and neck pain. Largest single impact was caused by excessive work in autonomy 

infringement category, which contributed -10,0 of LSM workers’ wellbeing.  
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Figure 11. Results per flow considering LSM workers (DALY) 

 

The results considering local community are presented in figure 12. Unequal opportunities 

was the largest category considering local community. Wage inequality faced by ASM 

workers was the largest contributor. Also, children not attending school and wage inequality 

faced by LSM workers caused significant wellbeing impacts in unequal opportunities 

category. Higher wage earned by LSM pit managers causes minor positive impacts. Gender 

related participation restrictions belonging to participation restrictions category caused 

significant wellbeing impacts. Threats of violence and other contact crimes was largest 

contributor in non-clinical anxiety category. HIV and Malaria caused most mortality and 

most non-lethal health impacts. Positive impacts were caused by compensation related to 

forced evictions in autonomy infringement category, but it did not compensate the internal 

displacement. Interpersonal violence caused most autonomy infringement. 

  

0 0,000005 0,00001 0,000015 0,00002 0,000025 0,00003

Autonomy infringement

Non-lethal health impacts

Mortality

Non-clinical anxiety

LSM worker results

Amputation of finger, thumb or toe Burns of <20% total surface area

Excessive work Foot pain moderate

General fracture Hearing loss: mild

Hip pain moderate Knee pain moderate

Low back pain, moderate Lung cancer metastatic

Mild silicosis Moderate hearing loss

Moderate silicosis Mortality

Muscoskeletal problems upper limb pain moderate Neck pain moderate

Open wound: short term, with or without treatment Other injuries of muscle and tendon

Severe hearing loss Stressful working conditions

YLL Lung cancer



70 

 

 

Figure 12. Results per flow considering local community (DALY) 
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7 DISCUSSION 

 

In this Master’s thesis two research questions were studied: how cobalt life cycle affects on 

social sustainability and what are the analytical possibilities and challenges of social life 

cycle assessment in a cobalt case study? The results are discussed in this chapter. 

 

7.1 Impacts of cobalt value chain on social sustainability 

 

The results imply that cobalt mining causes significant negative wellbeing impacts in DRC. 

Local community is the largest group experiencing negative wellbeing impacts, but ASM 

workers experienced most impacts, when compared to their potential full wellbeing. Non-

clinical anxiety was largest category considering ASM workers. LSM workers experienced 

wellbeing impacts that are typical to industrial mining in general recognized by e.g., 

International Council of Mining and Metals (2021), which promotes sustainable 

development in mining industry. LSM workers experienced less negative wellbeing impacts 

than ASM workers. ASM workers suffered from participation restrictions, which affects 

their possibility to change the situation. 

 

ASM and LSM workers are both also part of the local community. Therefore, their wellbeing 

reflects on the wellbeing of local community as well. The unequal wages earned by ASM 

workers had significant negative impact on the local community where as LSM pit managers 

earned enough to cause minor positive impacts. Many impacts considering local community 

could be traced back to ASM worker subculture e.g., violence caused by substance abuse 

and HIV due prostitution (Sovacool 2021; Hayes and Perks 2011). 

 

All stakeholder groups suffered from early mortality and especially ASM and LSM workers 

also from health impacts. The life expectancy used in this study (60,7 years) was already 

low compared to highest life expectancy in the world, 85,1 years in Hong Kong. (World 

Bank 2019b). On the other hand, the life expectancy at birth in DRC was estimated for the 

people born in 2019, whereas the current young adult ASM workers were born in the early 

2000’s, when life expectancy at birth was e.g., 51,4 in 2002 (World Bank 2019a). Using the 

2002 life expectancy would have reduced the health-related impacts since the lung diseases 
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occur at older age. Then again if the life expectancy continues to rise the mine workers and 

mining communities will face more years lived with disability and lost life years compared 

to other population in DRC. This is since the life expectancy is still so low that diseases, like 

silicosis, does not have time to reach the most severe stake or cause YLL in adult ASM 

worker population. The topic is also discussed by McCormack & Schüz (2011).  

 

Indicators recommended by the Life Cycle Assessment (2020) that were not included in this 

study were sexual harassment, cultural heritage, community engagement and smallholders 

e.g., farmers. In the literature review it was recognized that sexual harassment exist in mining 

communities and farming as a livelihood has become more difficult due to pollution 

originating from mines, but there were no studies available concentrating on those topics. 

Mining companies do engage local communities at least in superficial level, but the impacts 

were too difficult to track using only literary sources. Cultural heritage is also important, but 

the inclusion would require deeper knowledge of the culture. Many communicable diseases 

and toxic impacts of several trace elements recognized in the literature review were excluded 

from the study. Only two positive impacts could be added to the model, when larger 

implication of positive impacts is recommended. All the fore mentioned reasons may add 

uncertainty to the results. It should be noted that results are unlikely suitable for comparison 

with other product systems since it would require similar system boundaries and 

implementation of WELBY/DALY methodologies.    

 

There are some previous SLCA studies considering cobalt or battery industry. A research 

paper was found where DALY was applied in a study considering tire studs including cobalt 

from DRC area using conflict victims as an impact indicator. The negative social 

sustainability impacts in upstream processes outweighed the positive impacts in use phase. 

(Furberg et al. 2018) Thies et al. (2019) studied the social sustainability impacts of LiB 

manufacturing using Social Hot Spot Database. The risk of social sustainability impacts in 

raw material extraction were notable in all studied categories: corruption, child labour and 

poverty and occupational hazards. The results considering extraction were same in scenario, 

where the manufacturing happened in China and in scenario, where it happened in Germany. 
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A case study considering ASM mining in DRC and SLCA was published recently. It 

concentrated on comparing impacts of responsibility sourcing initiatives to normal situation. 

Workers and local communities were included as stakeholder groups. Impact categories 

were based on the same SLCA guidelines as in this study, but the impact assessment method 

was more qualitative. The result of the study was that improvement had happened in several 

categories in sites, where initiatives where piloted. (Mancini et al. 2021) This gives hope 

that impacts negative impacts recognized in this study may be reduced. 

 

7.2 Evaluation of social life cycle assessment as a research method 

 

WELBY methodology was used as an SLCA method in this study. WELBY methodology 

gives results in QALY and as percent of full wellbeing. The results as percent of full 

wellbeing are easy to understand, communicate and interpret. In addition, comparison is 

always included in WELBY methodology since the full wellbeing used in result calculation 

presents the potential wellbeing of stakeholders without the impacts of studied phenomenon 

e.g., cobalt mining. Therefore, the results are always compared to a situation, where no 

impacts occur. The results in QALY are essential if the results were to be compared with 

another product system. The QALY also reveals, how large effect the different processes in 

product system have on the final impact e.g., in this study the ASM workers experienced 

most wellbeing impacts, but since their share of the full wellbeing was only 6,0 % the impact 

on the full wellbeing was smaller.  

 

In this study SLCA was combined with literature review, which was recognized as good 

practice since it helped to acquire deeper knowledge on the subject. Similar approach was 

used by Mancini et al. 2021. Combining quantitative and qualitative data is typical to SLCA 

(Life Cycle Initiative 2020) and is considered as possibility since it better describes the 

related social mechanisms. In addition, it helps to reveal connections between different 

indicators, which is important considering impact pathway approach. As an example, the 

literature review revealed the connection between anxiety caused by dangers of ASM work 

and substance abuse and substance abuse and violence. SLCA and other sustainability 

related research methods are often used as a way to find improvement options (Life Cycle 
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Initiative 2020). Revealing connections between different impacts helps to find root causes, 

which is useful when trying to find the best target for improvements.  

  

Since the 3 aspects of sustainability are interconnected and should be assessed as one, finding 

the most suitable SLCA method to enable sustainability LCA is important. WELBY or 

impact pathway in general as a methodology could work together with environmental and 

economic LCA. Health impacts and environmental pollution can be connected in theory. 

This approach was first tested during this Master’s thesis process, but it failed due to lack of 

sufficient data. Economic data in the form of fair wage was included in this study. The 

modelled severity weights differed slightly from the other severity weights since they were 

scaled between minimum and normal consumption instead of experience of life and death. 

Using this kind of approach to combine social and economic sustainability impacts in LCA 

could be further studied. 

 

One of the largest challenges considering execution of this study was data quality. Cobalt 

mining in DRC has been studied from many different perspectives before but finding quality 

data considering all included impact indicators was difficult. Therefore, the results of this 

study have many uncertainties as previously mentioned. Probably utilizing SLCA in less 

studied product system would require primary data collection. Also, use of primary data 

instead of secondary data is recommended in general (Life Cycle Initiative 2020), but it was 

not possible in this study. 

 

In this study, the SLCA model relied on average life expectancy and average ages of where 

the different disabilities occurred instead of survivorship and wellbeing curves presented by 

Weidema (2006). The burden of disease study also calculates prevalence in different age 

groups (WHO 2018). This kind of approach would have been difficult to implement with the 

existing data. Further studies are required to find out if the approach used in this study is 

sufficient or does it cause too much uncertainty. Unless the burden of disease study can be 

somehow used as a base of the SLCA model, the use survivorship curve of different diseases 

will be a huge challenge. 
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Including positive effects in SLCA studies is recommended by Life Cycle Initiative (2020). 

In this case, the inclusion was challenging, because of the lack of data considering schools 

and hospitals funded by LSM companies as a demand of mining code. If that kind of data 

would have been available, the positive effect could have been estimated e.g., by using 

avoided health and lost income impacts. Including only negative impacts makes it difficult 

to assess the social sustainability impacts objectively. 

 

Since the impact pathway methodology in general is not fully established yet (Life Cycle 

Initiative 2020), more development and standardization are required for the method to be 

more consistently applied in different studies. Consistency is needed to enable comparison 

between different SLCA studies, and it also helps the implementation of the method thus 

making it more appealing option in assessment of social sustainability impacts. 

DALY/QALY/WELBY methodologies lack currently severity weights considering multiple 

impact categories, which makes the inclusion of all impact indicators recommended by Life 

Cycle Initiative (2020) challenging. Also, the time allocation and its relation to prevalence 

and incidence in DALY-based methodologies can be executed in several ways impacting the 

results. 

 

The aggregation of the results may have impacted the way they could be interpretated in this 

study. The results were aggregate based on the impact categories presented by Weidema 

(2006), which makes the flows that are interconnected scatter across different categories. If 

the results were aggregated based on their relationship with each other e.g., the anxiety-

substance-abuse-violence case, the interpretation would be easier. However, this may make 

the modelling part more difficult. 
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8 CONCLUSION 

 

This study shows that cobalt mining has significant negative wellbeing effects that concern 

ASM workers especially, but local community is also impacted in large quantities. 

Expanding mining activity due to increasing need for cobalt may cause more and more 

people being exposed to social sustainability impacts. Even though child labor is the impact 

often most present in the media the largest challenge seems to be the anxiety caused by the 

ASM work and its side effects. The wellbeing impacts experienced by ASM and LSM 

workers also reflect to the situation of local community.  

 

Social life cycle assessment combined with literature review was used as a method in this 

study. Several challenges were faced during the modelling process. Finding the data 

fulfilling the requirements was difficult, which can make it challenging to apply this method 

in areas less studied. In addition, it is not sure if the implementation of WELBY method 

based on the average ages instead of wellbeing/survivorship curves is sufficient. The 

development and standardization of new severity weights considering WELBY 

methodology is recommended. Overall standardization of impact calculation would be 

helpful for implementation of the method. Better ways to aggregate the results could be 

considered. 

 

Despite of the formerly mentioned challenges SLCA as a social sustainability measure seems 

promising and easily interpretable if there is enough data available. The combination of 

literature review with SLCA was recognized to be a good practice. There are also ways, at 

least in theoretical level, to combine environmental and economic data with WELBY 

methodology to assess the other aspects of sustainability. 
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9 SUMMARY 

 

Fight against climate change requires system transition in mobility. More EVs also mean 

more batteries. The increasing number of batteries cause social sustainability challenges 

since more and more raw materials are needed and those are often mined in lower income 

countries. 

 

The aim of this study was to find out about social sustainability impacts of cobalt mining in 

DRC by utilizing SLCA methodology and literature review. The results showed significant 

reduction in human wellbeing especially concerning ASM workers, but also among LSM 

workers and local communities. However, the share of ASM and LSM workers was minor 

of the total wellbeing. Different indicators were significant to different stakeholders. Anxiety 

and its side effects had largest impact on ASM workers. It was recognized that the wellbeing 

of different stakeholders is connected since workers are part of the local communities, and 

even their share of the total wellbeing is small, their wellbeing affects on the wellbeing of 

local communities on larger scale. 

 

SLCA and WELBY methodologies require development, but both seem promising when 

modelling social sustainability impacts. Presenting results as percentage of full wellbeing 

makes them easily understandable. Including literature review as part of the SLCA is 

recommendable to get the full picture of the social consequences and mechanisms through 

value chain. The standardization of impact assessment methodology is recommended as is 

development of lacking severity weights.  
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List of respondents 

Interviews by Pro Ethical Trade Finland 2019 

Respondent Description 

1 Local resident 

2 NGO presentative 

3 Premicongo NGO representative 

4 Afrewatch representative 

5 Director of the Provincial Ministry of Mines, Lualaba 

6 Premicongo NGO representative 

7 ASM miner 

8 Local community representative 

9 Local resident 

10 Local resident 
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al  

diseases  

chi ldren

DRC: 

Stress ful  

working 

conditions  

ASM

DRC: 

Threats  of 

violence or 

other 

contact 

crimes  

ASM

DRC: YLL due 

Occupationa

l  diseases  

and 

accidents  

ASM

DRC: YLL 

due 

Occupation

al  

diseases  

and 

accidents  

ASM Chi ld

Alcohol  problem use 8,60E-04

Chi ld labor 3,64E-05

Excess ive work 1,89E-03

Fracture of patel la , 

tibia  or fibula , or 

ankle: short 

term,with or without 

treatment 1,53E-05

Fracture of radius  or 

ulna: short term, with 

or without treatment 2,82E-05

Headache: tens ion-

type 1,67E-03

Hearing loss : mi ld 4,96E-04

Inadequate access  to 

health care 1,89E-03

Inadequate access  to 

pens ions  or socia l  

securi ty 1,89E-03

Injury to eyes : short 

term 4,72E-04 2,51E-05

Interpersonal  or 

communal  violence 3,21E-05

Labor union 

restrictions 1,89E-03

Low back pa in, 

moderate 1,72E-03

Lung cancer 

metastatic 1,19E-06 1,90E-07

Mi ld s i l i cos is 8,58E-05 1,37E-05

Moderate hearing 

loss 1,19E-04

Moderate s i l i cos is 2,42E-05 4,74E-06

Morta l i ty 7,89E-06

Muscoskeleta l  

problems upper l imb 

pain moderate 3,10E-04

Open wound: short 

term, with or without 

treatment 3,58E-04

Other drug use 

disorders 1,45E-03

Other 

musculoskeleta l  

disorders  severi ty 

level  1 (Leg pa in) 4,32E-04 2,57E-04

Poisoning: short 

term, with or without 

treatment 8,87E-05

Severe hearing loss 4,63E-05

Severe s i l i cos is  

without heart fa i lure 8,69E-07

Skin i rri tation 6,08E-05 1,00E-04

Stress ful  working 

conditions 1,89E-03

Threats  of violence or 

other contact crimes 1,89E-03

YLL Lung cancer 2,52E-05 5,29E-06

ASM inventory
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LSM inventory 

Flow 

DRC: 

Excessive work 

DRC: 

Occupational 

accidents 

LSM 

DRC: 

Occupational 

diseases 

LSM 

DRC: 

Stressful 

working 

conditions 

DRC: YLL 

due 

Occupational 

diseases and 

accidents 

LSM  

Amputation of finger, thumb or toe   1,52325E-07       

Burns of <20% total surface area without 

lower airway burns: short term, with or 

without treatment   2,1543E-07       

Excessive work 0,000105519         

Foot pain moderate     1,2557E-05     

General fracture   3,9822E-07       

Hearing loss: mild     3,4821E-05     

Hip pain moderate     1,5068E-05     

Knee pain moderate     4,5215E-05     

Low back pain, moderate     8,7929E-05     

Lung cancer metastatic     7,7224E-08     

Mild silicosis     5,5601E-06     

Moderate hearing loss     8,3571E-06     

Moderate silicosis     1,5651E-06     

Mortality         1,45372E-08 

Muscoskeletal problems upper limb pain 

moderate     9,0377E-05     

Neck pain moderate     5,0238E-05     

Open wound: short term, with or without 

treatment   6,44115E-07       

Other injuries of muscle and tendon   2,00198E-07       

Severe hearing loss     3,25E-06     

Stressful working conditions       0,00010552   

YLL Lung cancer         1,63468E-06 
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DRC: 

Children 

out of 

school

DRC: 

Crime 

victim 

compensati

on

DRC: Fair 

wage

DRC: 

Gender 

related 

restrictions

DRC: 

Interperson

al or 

communal 

violence

DRC: Local 

community 

diseases 

ASM 

related

DRC: Local 

community 

diseases 

LSM 

related

DRC: Local 

employmen

t

DRC: 

Refugees or 

internally 

displaced 

DRC: 

Threats of 

violence or 

other 

contact 

crimes

DRC: 

Unequal 

opportuniti

es

YLL Local 

community 

diseases

Flow

AIDS with mild anemia 2,30E-05

ASM pit manager 1,41E-04

ASM worker 1,42E-03

Children out of school 2,25E-03

Crime victim compensation 1,07E-04

Gender related participation 

restrictions 4,27E-03

HIV/AIDS cases, receiving ARV 

treatment 9,11E-04

Inadequate access to health care 2,09E-04

Inadequate access to pensions or 

social security 2,09E-04

Interpersonal or communal violence 7,36E-04

LSM pit manager 1,92E-05

LSM worker 1,94E-04

Lung cancer metastatic 2,39E-07

Mild silicosis 1,38E-06

Moderate malaria 1,60E-03

Refugees or internally displaced 1,07E-04

Severe motor plus cognitive 

impairment with blindness 1,05E-06

Symptomatic HIV with mild anemia 4,28E-04

Threats of violence or other contact 

crimes 1,19E-03

Yll Birth defects 3,59E-05

YLL HIV 2,04E-04

YLL Malaria 7,02E-04

Local community inventory
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Process inventory reference list 

 

References by process 

Flow 

DRC: Cobalt mining 

ASM 

DRC: Cobalt mining 

community 

DRC: Cobalt mining 

LSM 

AIDS with mild anemia   

GSS 2013 according to 

Schwartz et al. 2021; 

UNAIDS 2021;National 

institutes of Health 2020   

Alcohol problem use Elenge et al. 2013     

Amputation of finger, thumb 

or toe     Stemn 2019 

ASM pit manager   

MPSMRM 2014; World 

Food Programme 2020; 

Geenen et al. 2021   

ASM worker   

MPSMRM 2014; World 

Food Programme 2020; 

Geenen et al. 2021   

Burns of <20% total surface 

area without lower airway 

burns: short term, with or 

without treatment     Stemn 2019 

Child labor Kara 2018     

Children out of school   

UNICEF 2019; United 

Nations 2019   

Crime victim compensation   

Kannah 2019; Amnesty 

International 2019   

Excessive work 

Amnesty International 

2016; ILO 2021b   

Respondent 4; 

Sovacool 2019; TTK 

2015 

Foot pain moderate     

Jeripotula et al. 2020 

Fracture of patella, tibia or 

fibula, or ankle: short 

term,with or without 

treatment Elenge et al. 2013     

Fracture of radius or ulna: 

short term, with or without 

treatment Elenge et al. 2013     
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Gender related participation 

restrictions   United Nations 2019   

General fracture     Stemn 2019 

Headache: tension-type 

Elenge & De Brouver 

2010     

Hearing loss: mild 

Gyamfi et al. 2016; 

Basu et al. 2015   Gyamfi et al. 2016 

Hip pain moderate     

Jeripotula et al. 2020 

HIV/AIDS cases, receiving 

ARV treatment   

GSS 2013 according to 

Schwartz et al. 2021; 

UNAIDS 2021;National 

institutes of Health 2020   

Inadequate access to health 

care 

Office of Retirement 

and Disability Policy 

2019 

Office of Retirement and 

Disability Policy 2019; 

Respondent 8   

Inadequate access to 

pensions or social security 

Office of Retirement 

and Disability Policy 

2019 

Office of Retirement and 

Disability Policy 2019; 

Respondent 8   

Injury to eyes: short term World vision 2013     

Interpersonal or communal 

violence Unicef 2019 

GSS 2013 according to 

Schwartz et al. 2021; 

Elenge & De Brouver 2010   

Knee pain moderate     

Jeripotula et al. 2020 

Labor union restrictions World vision 2013     

Low back pain, moderate 

Elenge & De Brouver 

2010   

Jeripotula et al. 2020 

LSM pit manager   

MPSMRM 2014; World 

Food Programme 2020; 

Geenen et al. 2021   

LSM worker   

MPSMRM 2014; World 

Food Programme 2020; 

Geenen et al. 2021   

Lung cancer metastatic 

TTL 2021; American 

Cancer Society 2021; 

Tae-Woo et al. 2010; 

Wabinga et al. 2011; 

Chokunonga et al. 

2011 

Banza Lubaba Nkulu et al. 

2009; TTL 2021; 

American Cancer Society 

2021; Tae-Woo et al. 

2010; Wabinga et al. 2011; 

Chokunonga et al. 2011; 

McCormack & Schüz 2011 

TTL 2021; American 

Cancer Society 2021; 

Tae-Woo et al. 2010; 

Wabinga et al. 2011; 

Chokunonga et al. 

2011 
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Mild silicosis 

Yang & Yang 2006; 

McCormack & Schüz 

2011 

Yang & Yang 2006; 

McCormack & Schüz 2011 

Yang & Yang 2006; 

McCormack & Schüz 

2011 

Moderate hearing loss 

Gyamfi et al. 2016; 

Basu et al. 2015   Gyamfi et al. 2016 

Moderate malaria   Basu et al. 2015   

Moderate silicosis 

Yang & Yang 2006; 

McCormack & Schüz 

2011   

Yang & Yang 2006; 

McCormack & Schüz 

2011 

Mortality 

Tsurukawa 2011; 

Elenge et al. 2013; 

Kyeremateng-Amoah 

& Clarke 2015    Stemn 2019 

Muscoskeletal problems 

upper limb pain moderate 

Elenge & De Brouver 

2010   

Jeripotula et al. 2020 

Neck pain moderate     

Jeripotula et al. 2020 

Open wound: short term, 

with or without treatment Elenge et al. 2013   Stemn 2019 

Other drug use disorders Elenge et al. 2013     

Other injuries of muscle and 

tendon (contusion)     Stemn 2019 

Other musculoskeletal 

disorders severity level 1 

(Leg pain) 

Elenge & De Brouver 

2010; World Vision     

Poisoning: short term, with 

or without treatment 

(copper) World vision 2013     

Refugees or internally 

displaced   

Kannah 2019; Amnesty 

International 2019   

Severe hearing loss 

Gyamfi et al. 2016; 

Basu et al. 2015   Gyamfi et al. 2016 

Severe motor plus cognitive 

impairment with blindness   Vaan Brusselen et al. 2020   

Severe silicosis without 

heart failure 

Yang & Yang 2006; 

McCormack & Schüz 

2011     

Skin irritation 

World vision 2013; 

Elenge & De Brouver 

2010     
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Stressful working conditions TTK 2015   TTK 2015 

Symptomatic HIV with mild 

anemia   

GSS 2013 according to 

Schwartz et al. 2021; 

UNAIDS 2021;National 

institutes of Health 2020   

Threats of violence or other 

contact crimes 

Sovacool 2019; Katz-

Lavigne 2020 

GSS 2013 according to 

Schwartz et al. 2021; 

Elenge & De Brouver 2010   

YLL Birth defects   Vaan Brusselen et al. 2020   

YLL HIV   

GSS 2013 according to 

Schwartz et al. 2021; 

UNAIDS 2021;National 

institutes of Health 2020   

YLL Lung cancer 

TTL 2021; American 

Cancer Society 2021; 

Tae-Woo et al. 2010; 

Wabinga et al. 2011; 

Chokunonga et al. 

2011   

TTL 2021; American 

Cancer Society 2021; 

Tae-Woo et al. 2010; 

Wabinga et al. 2011; 

Chokunonga et al. 

2011 

YLL Malaria   

Basu et al. 2015; WHO 

2021a   
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Duration/time allocation of different disabilities 

Inventory duration and time allocation (Years) 

Inventory flow 
DRC: Cobalt mining 

ASM 

DRC: Cobalt 

mining 

community 

DRC: Cobalt 

mining LSM 

AIDS with mild anemia   3   

Alcohol problem use 42,7     

Amputation of finger, thumb 

or toe     42,7 

ASM pit manager   42,7   

ASM worker   42,7   

Burns of <20% total surface 

area without lower airway 

burns: short term, with or 

without treatment     42,7 

Child labor 6     

Children out of school   42,7   

Crime victim compensation   60,7   

Excessive work 42,7   42,7 

Foot pain moderate     42,7 

Fracture of patella, tibia or 

fibula, or ankle: short 

term,with or without 

treatment 42,7     

Fracture of radius or ulna: 

short term, with or without 

treatment 42,7     

Gender related participation 

restrictions   45,7   

General fracture     42,7 

Headache: tension-type 42,7     

Hearing loss: mild 42,7   42,7 

Hip pain moderate     42,7 

HIV/AIDS cases, receiving 

ARV treatment   40,7   

Inadequate access to health 

care 42,7 60,7   

Inadequate access to pensions 

or social security 42,7 60,7   

Injury to eyes: short term Child: 48,7     

Interpersonal or communal 

violence 42,7 

Child: 18 

Woman: 42,7   

Knee pain moderate     42,7 
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Labor union restrictions 42,7     

Low back pain, moderate 42,7   42,7 

LSM pit manager   42,7   

LSM worker   42,7   

Lung cancer metastatic 1 0,7 1 

Mild silicosis 12,5 0,7 12,7 

Moderate hearing loss 42,7   42,7 

Moderate malaria   5   

Moderate silicosis Child: 9 Adult: 7,3   Adult: 7,3 

Mortality 35,7   22,7 

Muscoskeletal problems 

upper limb pain moderate 42,7   42,7 

Neck pain moderate     42,7 

Open wound: short term, with 

or without treatment 42,7   42,7 

Other drug use disorders 42,7     

Other injuries of muscle and 

tendon     42,7 

Other musculoskeletal 

disorders severity level 1 (Leg 

pain) Adult: 42,7 Child: 48,7     

Poisoning: short term, with or 

without treatment Child: 48,7     

Refugees or internally 

displaced   60,7   

Severe hearing loss 42,7   42,7 

Severe motor plus cognitive 

impairment with blindness   1   

Severe silicosis Child: 4,3     

Skin irritation Adult: 42,7 Child: 48,7     

Stressful working conditions 42,7   42,7 

Symptomatic HIV with mild 

anemia   5   

Threats of violence or other 

contact crimes 42,7 

Child: 18 

Woman: 42,7   

YLL Birth defects   59,7   

YLL HIV   27,7   

YLL Lung cancer Adult: 18,9 Child: 24,9   18,9 

YLL Malaria   55,7   
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Results per process 

ASM 

Impact Total Damage % of full wellbeing 

Value of full 

well-being 

before 

impacts 1,89E-03 100 % 

Mortality 2,81E-05 1,49 % 

Non-lethal 

health impacts 4,90E-04 25,92 % 

Autonomy 

infringements 3,99E-04 21,11 % 

Anxiety 6,80E-04 36,00 % 

Unequal 

opportunities 0,00E+00 0,00 % 

Participation 

restrictions 1,89E-04 10,00 % 

Current level 

of wellbeing 1,03E-04 5,48 % 
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LSM 

Impact 

Total 

Damage 

% of full 

wellbeing 

Value of full well-being 

before impacts 2,11E-04 100 % 

Mortality 1,10E-06 0,52 % 

Non-lethal health impacts 2,56E-05 12,12 % 

Autonomy infringements 2,11E-05 10,00 % 

Anxiety 9,50E-06 4,50 % 

Unequal opportunities 0,00E+00 0,00 % 

Participation restrictions 0,00E+00 0,00 % 

Current level of wellbeing 1,54E-04 72,85 % 
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Local community 

Impact 

Total 

Damage 

% of full 

wellbeing 

Value of full 

well-being 

before 

impacts 2,94E-02 100 % 

Mortality 9,42E-04 3,20 % 

Non-lethal 

health 

impacts 2,85E-04 0,97 % 

Autonomy 

infringements 1,69E-04 0,57 % 

Anxiety 1,45E-04 0,49 % 

Unequal 

opportunities 2,24E-03 7,61 % 

Participation 

restrictions 4,27E-04 1,45 % 

Current level 

of wellbeing 2,52E-02 85,70 % 
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Disease models 

 

Silicosis disease model 

 

 

HIV disease model 
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Data quality 

Data quality was reviewed by using data quality assessment matrix by Life Cycle Initiative 

(2020) (table 9-11). The data quality was assessed in scale from 1 to 5. Sensitivity check was 

not performed because there were too many uncertainties in the data for it to be useful. 

Abbreviations used in checks are following: 

 

• R: reliability of sources 

• C: completeness conformance 

• T: temporal conformance 

• G: geographical conformance 

• F: Further technical conformance 

 

The temporal conformance was set to 10 years since there has not been implemented changes 

in mining systems in last 10 years even though the legislation has been revisited recently. 

Most of the sources are rated by reliability and consistency score 2 since the data comes from 

one source and the sampling of the data is small. Many assumptions are also made due to 

lack of exact data from large studies. Geographical conformance is mostly from DRC, but 

some data considering occupational and communal diseases are from Ghana, India and 

Turkey, which could be assumed to have similar working regulations to DRC. The 

technology considering ASM and LSM considering these countries is assumed to be similar 

to DRC. 

 

ASM data quality 

Flow R C T G F 

Alcohol problem use Score 1 Score 2 Score 1 Score 1 Score 1 

Child labor Score 2 Score 1 Score 1 Score 1 Score 1 

Excessive work Score 2 Score 3 Score 1 Score 1 Score 1 

Fracture of patella, tibia or fibula, or 

ankle: short term,with or without treatment Score 1 Score 2 Score 1 Score 1 Score 1 

Fracture of radius or ulna: short term, with 

or without treatment Score 1 Score 2 Score 1 Score 1 Score 1 

Headache: tension-type Score 2 Score 2 Score 2 Score 1 Score 1 

Hearing loss: mild Score 1 Score 2 Score 1 Score 2 Score 2 
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Inadequate access to health care Score 3 Score 2 Score 1 Score 1 Score 1 

Inadequate access to pensions or social 

security Score 3 Score 2 Score 1 Score 1 Score 1 

Injury to eyes: short term Score 2 Score 4 Score 1 Score 1 Score 1 

Interpersonal or communal violence Score 1 Score 1 Score 1 Score 1 Score 5 

Labor union restrictions Score 3 Score 4 Score 1 Score 1 Score 1 

Low back pain, moderate Score 1 Score 2 Score 2 Score 1 Score 1 

Lung cancer metastatic Score 3 Score 2 Score 1 Score 2 Score 2 

Mild silicosis Score 3 Score 2 Score 1 Score 2 Score 2 

Moderate hearing loss Score 1 Score 2 Score 1 Score 2 Score 2 

Moderate silicosis Score 3 Score 2 Score 1 Score 2 Score 2 

Mortality Score 1 Score 2 Score 1 Score 1 Score 1 

Muscoskeletal problems upper limb pain 

moderate Score 1 Score 2 Score 2 Score 1 Score 1 

Open wound: short term, with or without 

treatment Score 1 Score 2 Score 1 Score 1 Score 1 

Other drug use disorders Score 1 Score 2 Score 1 Score 1 Score 1 

Other musculoskeletal disorders severity 

level 1 (Leg pain) Score 1 Score 2 Score 1 Score 1 Score 1 

Poisoning: short term, with or without 

treatment Score 2 Score 4 Score 1 Score 1 Score 1 

Severe hearing loss Score 1 Score 2 Score 1 Score 2 Score 2 

Severe silicosis without heart failure Score 3 Score 2 Score 1 Score 2 Score 2 

Skin irritation Score 1 Score 2 Score 1 Score 1 Score 1 

Stressful working conditions Score 2 Score 2 Score 1 Score 1 Score 1 

Threats of violence or other contact crimes Score 3 Score 3 Score 1 Score 1 Score 1 

YLL Lung cancer Score 3 Score 2 Score 1 Score 2 Score 2 
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LSM data quality 

Flow R C T G F 

Amputation of finger, thumb 

or toe Score 1 Score 2 Score 1 Score 1 Score 2 

Burns of <20% total surface 

area without lower airway 

burns: short term, with or 

without treatment Score 1 Score 2 Score 1 Score 1 Score 2 

Excessive work Score 2 Score 2 Score 1 Score 1 Score 2 

Foot pain moderate Score 1 Score 2 Score 1 Score 1 Score 2 

General fracture Score 1 Score 2 Score 1 Score 1 Score 2 

Hearing loss: mild Score 1 Score 2 Score 1 Score 1 Score 2 

Hip pain moderate Score 1 Score 2 Score 1 Score 1 Score 2 

Knee pain moderate Score 1 Score 2 Score 1 Score 1 Score 2 

Low back pain, moderate Score 1 Score 2 Score 1 Score 1 Score 2 

Lung cancer metastatic Score 3 Score 2 Score 1 Score 3 Score 2 

Mild silicosis Score 3 Score 2 Score 1 Score 1 Score 2 

Moderate hearing loss Score 1 Score 2 Score 1 Score 1 Score 2 

Moderate silicosis Score 3 Score 2 Score 1 Score 1 Score 2 

Mortality Score 1 Score 2 Score 1 Score 1 Score 2 

Muscoskeletal problems upper 

limb pain moderate Score 1 Score 2 Score 1 Score 1 Score 2 

Neck pain moderate Score 1 Score 2 Score 1 Score 1 Score 2 

Open wound: short term, with 

or without treatment Score 1 Score 2 Score 1 Score 1 Score 2 

Other injuries of muscle and 

tendon Score 1 Score 2 Score 1 Score 1 Score 2 

Severe hearing loss Score 1 Score 2 Score 1 Score 1 Score 2 

Stressful working conditions Score 2 Score 2 Score 1 Score 1 Score 2 

YLL Lung cancer Score 3 Score 2 Score 1 Score 3 Score 2 
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Local community data quality 

Flow R C T G F 

AIDS with mild anemia Score 3 Score 3 Score 1 Score 1 Score 2 

ASM pit manager Score 3 Score 2 Score 1 Score 1 Score 1 

ASM worker Score 3 Score 3 Score 1 Score 1 Score 1 

Children out of school Score 1 Score 1 Score 1 Score 1 Score 1 

Crime victim compensation Score 3 Score 2 Score 1 Score 1 Score 1 

Gender related participation 

restrictions Score 3 Score 3 Score 1 Score 1 Score 1 

HIV/AIDS cases, receiving ARV 

treatment Score 3 Score 3 Score 1 Score 1 Score 2 

Inadequate access to health care Score 3 Score 2 Score 1 Score 1 Score 1 

Inadequate access to pensions or 

social security Score 3 Score 2 Score 1 Score 1 Score 1 

Interpersonal or communal 

violence Score 3 Score 3 Score 1 Score 1 Score 1 

LSM pit manager Score 3 Score 3 Score 1 Score 1 Score 1 

LSM worker Score 3 Score 3 Score 1 Score 1 Score 1 

Lung cancer metastatic Score 3 Score 3 Score 1 Score 3 Score 2 

Mild silicosis Score 3 Score 2 Score 1 Score 1 Score 2 

Moderate malaria Score 3 Score 3 Score 1 Score 1 Score 2 

Refugees or internally displaced Score 3 Score 2 Score 1 Score 1 Score 1 

Severe motor plus cognitive 

impairment with blindness Score 2 Score 1 Score 1 Score 1 Score 1 

Symptomatic HIV with mild 

anemia Score 3 Score 3 Score 1 Score 1 Score 2 

Threats of violence or other 

contact crimes Score 3 Score 3 Score 1 Score 1 Score 1 

Yll Birth defects Score 2 Score 2 Score 1 Score 1 Score 1 

YLL HIV Score 3 Score 3 Score 1 Score 1 Score 2 

YLL Malaria Score 3 Score 3 Score 1 Score 1 Score 2 

 

 

 

 


