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Abstract 

As a result of an increased global demand on metals and minerals a number of new metal mines 

have been launched into operation around the world. In Finland, the reviving mining industry has 

faced public criticism regarding its social licence to operate. A central theme in this criticism is a 

concern for water management and the release of effluents into the environment. This article 

reviews the environmental and social performance of the Finnish mining sector in water related 

issues. Main challenges are in water use and water quality and finding alternative solutions based on 

technologies, environmental indicators, and different means of communication.  
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1.  Introduction 

 

Systematic research on water management and the social licence to operate has been scarce in the 

Finnish context. New concepts for environmental water monitoring and modelling tools combined 

with social aspects are needed on one hand, and rigorously grounded policy recommendations and 

roadmaps for the Finnish Mining Sector on the other (Kohl et al., 2013). The mining sector is 

strongly constrained by local geological conditions and mine specific technological solutions. To 

improve public-private communication and to resolve socio-environmental conflicts in the long 

term it is therefore important to understand the dynamics of local and regional environmental issues 

and their social context. This article presents an overview of current efforts to enhance co-operation 

and to develop tools applied in the local mining context that are expected to lead to mining 

processes with reduced costs, economic sustainability and minimized environmental impacts.  

 

During the past six years the Finnish mining industry has experienced a significant boom caused by 

an increased global demand for metals and certain industrial minerals. Between 2007 and 2013, the 

number of metal mines has increased from six to twelve (Table 1; GTK, 2013) and there are 

currently more than 30 global companies carrying out exploration for further deposits in Finland 

(see Figure 1). Investments in technology development companies have decreased in Finland during 

the past few years (Federation of Finnish Technology Industries, 2013) but investments in the 



mining sector have shown some positive trends. Between 2008 and 2011 investments in the Finnish 

mining sector were 1.3 billion EUR and will be over 3 billion EUR in 2012–2017 according to the 

latest evaluations (Uusisuo, 2012). Willingness to invest in mining has found support from the 

Policy Potential Index of the Fraser Institute´s 2011–2012 survey, which ranked Finland the best 

investment area in the world because of good infrastructure, political stability, high level of 

education, and comprehensive geological databases that have shown good potential for new 

deposits (Wilson et al., 2013). There are signs that the mining industry will generate new economic 

activity especially in Eastern and Northern Finland, which suffer from slow economic growth, and 

possibly give a boost for the Finnish economy as a whole. It has been estimated that the mining 

sector would employ 7000 people in 2020, that would lead to approximately 20 000 jobs (Uusisuo, 

2012).  

 

At the same time, new mines and mining processes have brought about conflicts between the 

mining companies and their stakeholders. These conflicts are related both to negative impacts on 

the local natural environment and to the reduced possibilities of tourism and reindeer herding to 

thrive around the mining locations.  Over 50 per cent of reported environment incidents between 

2006 and 2012 were water related, and of those incidents over 50 per cent resulted from dam 

operation or flooding (Tuomainen et al., 2013, Välisalo et al., 2014). Some of these incidents have 

led to high concern in the local and national level and to the emergence of local movements against 

mining, such as the Stop Talvivaara movement. 

 

In order to mitigate the conflicts related to mining the Finnish government has taken an active role 

in enhancing sustainable mining in Finland by steering research funding to Green Mining, which 

links together technology development and environmental and social expertise. Moreover, the 

Finnish Prime Minister has launched several actions including the action programme for sustainable 

mining and a scheme for stress testing the existing metal and industrial mineral mines in Finland. 

Both water quality and the social licence to operate are one of the main issues in Finland and they 

are also the topics in the Finnish co-operation project ‘Sustainable Acceptable Mining’ (2013–

2015), that is part of the on-going Finnish Green Mining Programme. 

 



Table 1 

Operating metal mines in Finland (adapted from PriceWaterhouseCooper, 2012; Rytteri, 2012). 

Mine, 

municipality 

Company Parent company Mineral Production 

capacity 

Net sales (year 

2011) million $ 

Start 

year 

Life of 

mine 

Sustainability/ 

Responsibility report 

Suurikuusikko, 

Kittilä 

Agnico-Eagle 

Finland Oy 

Agnico-Eagle Mines 

Ltd. (Canada) 

Au 4.7 g/t Au: 160 000 

ounces 

163.2 2009 Until 2044 Responsibility, 103 p. (GRI 

A) 

Hitura, Nivala Belvedere 

Mining Oy 

Belvedere Resources 

Ltd (Canada) 

Ni 0.6%, Cu 0.23%, 

Co, Pt, Pd 

Ni: 2 500 tons 22.6 1965 Until 2018  

Pahtavaara, 

Sodankylä 

Lappland 

Goldminers 

Oy 

Lappland Goldminers 

AB (Sweden) 

Au 1.60 g/t Au: 25 720 ounces 27.0 1996 At least 2 

years 

 

Kemi, 

Keminmaa 

Outokumpu 

Chrome Oy 

Outokumpu Oyj 

(Finland) 

Cr 1.3 million tons 227.9 1966 Pending Merged annual and CSR, 

235 p. (GRI B+) 

Jokisivu, 

Huittinen 

Polar Mining 

Oy 

Dragon Mining Ltd 

(Australia) 

Au 5.7 g/t Au: 25 720 ounces 

(inc. Orivesi) 

21.8  

(inc. Orivesi) 

2009 Until 2016 Included in annual, 3 p. 

Orivesi Polar Mining 

Oy 

Dragon Mining Ltd 

(Australia) 

Au 5.7 and 7.3 g/t See above See above 1990 Until 2015 See above 

Pyhäsalmi, 

Pyhäjärvi 

Pyhäsalmi 

Mine Oy 

First Quantum Minerals 

Ltd (Canada, UK) 

Cu 1.1%, Zn 2.8%, S, 

Ag, Au 

Cu: 14 000 tons 

Zn: 32 300 tons 

169.9 1959 Until 2018 Sustainability, 74 p. (GRI 

B+) 

Pampalo, 

Ilomantsi 

Endomines 

Oy 

Endomines AB 

(Sweden) 

Au 3.1 g/t Au: 25 700–28 900 

ounces 

16.7 2011 n.a.  

Talvivaara, 

Sotkamo 

Talvivaara 

Sotkamo Oy 

Talvivaara 

Kaivososakeyhtiö Oyj 

(Finland) 

Ni 0.23%, Zn 0.50%, 

Co 0.02%, Cu 0.13%, 

U 0.0018% 

Ni: 50 000 tons 

Zn: 100 000 tons 

Cu: 15 000 tons 

Co: 1 800 tons 

231.2 2008 2069 Included in annual, CSR, 

23 p. (GRI C) 

Laivakangas, 

Raahe 

Nordic Mines 

Oy 

Nordic Mines AB 

(Sweden) 

Au 1.9 g/t Au: 118 000 

ounces 

-(starting phase) 2011 2017 Included in annual, 2p. 

Kevitsa, 

Sodankylä 

Kevitsa 

Mining Oy 

First Quantum Minerals 

Ltd (Canada, UK) 

Cu 0.41%, Ni 0.30%, 

PGM, Au 

Ni: 10 000 tons 

Cu: 20 000 tons 

1.7  

(starting phase) 

2012 32 years Sustainability report, 41 p.; 

GHG report, 13 p. 

Kylylahti, 

Polvijärvi 

Kylylahti 

Copper Oy 

Altona Mining Ltd 

(Australia) 

Cu, Ni, Zn, Au Cu: 8 000 tons 

Au: 8 400 ounces 

Zn: 1 600 tons 

0.046  

(starting phase) 

2012 8–9 years  

 

 



 
 

Fig. 1. Operating metal mines in Finland, year 2012 (Geological Survey of Finland, 2013). 

 

 

2. Aim and Method 

 

The aim of this study was to outline the current status of the Finnish mining sector from the 

sustainability point of view. Special focus was on water management and social acceptance. The 

study was carried out by reviewing the current related literature and relevant actions taken by the 

Finnish mining industry, the government and the society. This study aims at providing a status 

update on the key challenges and propose alternative solutions based on technologies, 

environmental indicators, and different means of communication. Quantitative results on the mining 

sector’s sustainability are not provided in this study. Instead, the National Green Mining research 

programme will provide sustainability research results for the Finnish mining sector in the future.  



 

 

3.  Environmental performance in mining: water as a key challenge  

 

Water is a critical element for any mining project, and it is a cornerstone for understanding the 

environmental pillar of sustainability in the mining sector (Gibson, 2006). Depending on the life-

cycle stage of a mine (Fig. 2), water  use and discharges can vary significantly. In the operational 

phase, grinding, flotation, gravity concentration, dense medium separation and hydrometallurgical 

processes are the most important water users. According to Norgate and Lovel (2004) a mine and a 

concentrator typically consume 0.4–0.9 m
3
 water /t ore. In addition, smelting with refining and 

leaching with solvent extraction and electrowinning consume 5–13 and 3–30 m
3
 water/t target 

metal, respectively (Norgate and Lovel, 2004). Gold, platinum, diamonds, nickel and copper are 

associated with the highest water consumption due to their low concentration in ores. As ore grades 

are declining globally, more water is needed per each unit of production (Miranda and Sauer, 2010).  

 

Mining operations often take place in countries with water scarce regions. In Finland, however, 

heavy rainfall and melting snow can lead to an excess of water at the mine and consequently 

increase the risk of accidental discharges into the environment. Additionally, the degradation of 

pollutants in the Nordic conditions is limited: ice cover can lead to oxygen depletion in aquatic 

systems and subsequently inhibit beneficial chemical reactions (Kauppi, 2013).  

 

 
 

Fig. 2. Life-cycle phases of a mine (project plan of Sustainable Acceptable Mining, VTT, 2013). 

 

 

3.1.Mining and water efficiency 

 

On the global level, water usage within the mining industry is relatively insignificant. The mining 

industry accounts for approximately 1 per cent of total water consumption in the USA and Canada, 

and approximately 2 per cent in Australia (USGS, 2013; Environment Canada, 2013; Norgate and 

Lovel, 2004). On the local level, however, mining operations generally are the highest consumers of 



water in the immediate area (Norgate and Lovel, 2004). Suffice it to say, it is in the mining 

industry’s interest to manage their waters in an ecological and efficient manner so as to not 

jeopardise their social licence to operate (Mining, People and the Environment, 2013). Reuse, 

reduced consumption and desalination of mine waters have the potential to increase the public 

acceptance of mining (Rubio, 2012) and often at least some water is reused and recycled (Gunson et 

al., 2012). In the study of Rantanen (2013), water treatment objectives set by the industry itself 

included to fulfil the environmental license conditions, to continuously improve water treatment 

processes and to increase the level of water circulation. Water recycling in metal mines operating in 

Finland typically exceeds 50 per cent (Table 2).  

 

It is often possible to replace fresh water with lower quality water at the mine and to recycle more 

water. Recycling and reuse of process water can additionally reduce the use of process chemicals 

such as cyanide (Bahrami et al., 2007). Recycling and reuse of water needs to be considered case-

by-case, since the water quality may have an impact on process performance. New cost-efficient 

water treatment technologies can be developed to obtain appropriate water quality for recycling. In 

addition, processes can be further developed to enable the use of lower quality water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2 

Water usage and  water  recycling of different metal mines operating in Finland ( Outokumpu sustainability report, 2012; Aluehallintovirasto Pohjois-Suomi, 2010; Pöyry, 2012; 

Pöyry, 2011; Vainionpää, 2007; Kauppila et al., 2011; Belvedere Resources, 2011, Talvivaara, 2013; Endomines, 2012; Nordic Mines, 2012; Rissanen and Peronius, 2013). 

ECG=Excavation, crushing + grinding. 

Mine Operations Water usage  Yearly ore 

excavation, year 

2012 (Mt) 

Water recycling (%) Characteristics 

Kittilä 

Suuri-

kuusikko 

ECG - flotation - autoclave 

oxidation - cyanide leaching – 

recovery – electrolysis – 

smelting 

1.2 m3/ton ore 1.09 Approximately 65% Mine waters through settling-pool system. 

Maximization of recycling of process waters. 

Mine seepage waters collected and utilized as process waters. 

Mine overburden characterized based on their chemical 

character into different fractions.  

Pampalo 

Ilomantsi 

ECG - gravimetric separation 

– flotation 

2.5 m3/ton ore 0.25 96% Operated with a closed water circuit so far. All water is 

recycled back from clarification pond to the concentrators. 
Water discharge expected to start in the autumn 2013. 

Laivakangas 

Raahe 

ECG – flotation – gravimetric 

separation – cyanide leaching 

– recovery – smelting 

1.3 million 

m3/year 

1.0  Process waters recycled, but the risk for accumulation of 

process chemicals in the process exists. 

Kemi ECG – gravimetric separation 1.4 million 

m3/year in the 

mine  

1.25 

(2.7 after expansion 

in 2012) 

95% recycled rainwater Almost all water needed in concentration recycled from 

clarification pond. 

Surface waters conducted to clarification ponds. 

  2.0 million 

m3/year in 

concentration 

 100% 

Hitura ECG – flotation  0.55 100% of process waters through tailings  

5% of mine drainage water  

95% of surface and rain waters of 

tailings area 

 

Pyhäsalmi ECG – flotation 6.0 million 

m3/year 

1.38 internal recycling of process water in 

concentration15–20% 

Recycling as much waste water as possible at the same time 

avoiding gypsum precipitation. 

Surface waters collected and neutralized. 

Mine seepage waters collected. 

Final waste water aerated during winter in order to minimize 

oxygen consumption in recipient waters. 

Talvivaara Excavation – crushing – 

agglomeration – 

bioheapleaching – sulphide 

precipitation 

6.0 million 

m3/year 

8.7 90% of PLS recycled back to the heap, 

10% piped to the metals recovery plant. 
Most of water is returned to bioleaching 

after metals recovery. 

 



Kevitsa ECG – flotation 1.1 million 

m3/year 

(2.3 m3/ton ore) 

3.1 90% Clean fresh water requirement is approximately 10% of the 

total water usage needed for chemicals production, in filtering 

and for pumps. 

 



3.2. Assessment tools for better water efficiency 

 

New water related environmental tools like water footprint and water eco-efficiency have been 

under research and development during the past 10 years.  These tools aim to manage sustainable 

water use and its impacts but they are also useful in benchmarking new technologies.  

 

Water footprint is an environmental indicator that is intended to be used as a communication tool at 

both product and organisational level. It is regarded as an important environmental indicator for the 

water intensive industry in Finland but also globally (Wessman et al., 2012). The development of 

the water footprint method has been rapid and various initiatives by different institutions and 

organisations have been launched in order to develop analytical tools to measure and assess 

freshwater use at regional and global scale (e.g. Boulay, 2011; Riddout and Pfister, 2012; Kounina 

et al., 2012). Work with the ISO Standard 14046 began in 2010 with an aim to harmonize the water 

footprint methodology. Compared to the product carbon footprint, which describes the global 

warming potential of a product with a global impact, the water footprint is a local indicator. Water 

footprint itself needs to be regarded as an impact and it takes into account water availability and 

changes in water quality along the whole supply chain.  

 

In addition, water footprint provides a scientific basis and a framework to assess water efficiency.  

In general, eco-efficiency means creating more value from fewer resources with less negative 

environmental impact, but there is no general consensus about its precise definition or criteria. 

Usually it is quantified as the ratio between economic value and environmental impact, and it 

allows users such as companies to look at their economic performance and environmental 

performance with a single metrics (Kuosmanen, 2005; WBSCD, 2012). When considering the 

economic impacts of water eco-efficiency it is easy to concentrate only on water related costs. 

However, other potential benefits of water eco-efficiency should also be taken into account. These 

benefits include, for example, the increased overall efficiency, environmental benefits and improved 

water eco-efficiency branding. 

 

Water footprint and water risk management are tools for companies to identify the major 

environmental impacts and their mitigation potential (Ceres 2010). Data collection is a challenge 

since mines differ by raw materials, process type and local water availability and quality, and water 

input and output flows are not quantified in harmonized way for the environmental calculation 

tools. The mining sector needs specific guidance for these tools. Such guidance will support the 

importance of foresight in terms of legislation, national and international agreements in local and in 

industrial level. According to the Action Plan by Finnish Ministry of Employment and the Economy 

(TEM, 2013), water management should be taken into account during the whole life-cycle of the 

mine: planning phase, production phase and closing phase. Water management of a mine should 

include modelling of water flows and water balance, purification and recycling, and it should follow 

the principles of best available technologies. 

 

 



4.  Societal concern and Social Impact Assessment (SIA) as part of Environmental Impact 

Assessment procedure (EIA) 

 

The mining industry and its socio-environmental context require a holistic picture on change and 

change-related impacts. Changes in the environment, including those related to water, have an 

impact on well-being, health, and the quality of life. They also have ecological, cultural and 

economic consequences, which may also have a cumulative character. If, for instance, water 

management has not been designed and assessed properly in the planning phase of a mine, the 

consequences may affect a number of stakeholders (tourists, summer cottage owners, SMEs, 

authorities), economic actors (local and regional opportunities and risks), and the natural 

environment (ecosystems, also water ecosystems). 

 

For the mining sector, as the supplier of natural raw materials to the society, social licence to 

operate (SLO) is critical. The social dimension of sustainable development comprises all aspects of 

people's lives in all their diversity as individuals and members of their community and society. 

Dialogue, partnership and conflict resolution are social processes potentially leading to social 

sustainability. Social communication should be based on transparency and continuous dialogue if 

the industrial operators are to maintain the SLO. The Finnish ‘Talvivaara Movement’ is an example 

of a conflict on both regional and national levels, where environmental management actions of a 

mine failed and communication was inadequate towards the general public (press release Stop 

Talvivaara, 2012). In order to response to the need of more effective communication, the mine has 

established a blog called Paikan päällä (On Site) and increased face-to-face communication with the 

local inhabitants (Talvivaara, 2012 and 2013). 

 

Social, cultural, economic and ecological aspects of sustainability are linked together and they are 

present everywhere. Areas of expertise in these spheres must meet in processes along the value 

chain but will fail to do so unless efforts are made in education, leadership and governance. On the 

positive side, there are many tools available to analyze social acceptance of mining. GIS-based tools 

can be utilized for conflict mapping and management, and multi-criteria decision analysis tools for 

participatory and interactive impact assessment (Kyttä, 2003). These tools will enable dialogue and 

shared learning opportunities for both the mining industry and local authorities and other 

stakeholders by bringing out the needs and aims of people living close to mining sites. . 

 

Social Impact Assessment (SIA) is part of the Environmental Impact Assessment Procedure Act 

(EIA) that was enforced in Finland in 1994. SIA is a statutory process in projects, plans and 

programmes referred to in the Finnish Act on Environmental Impact Assessment Procedure (EIA), 

the Land Use and Building Act or in the Act on the Assessment of the Impacts of the Authorities' 

Plans, Programmes and Policies on the Environment (Finlex, 1994). SIA aims at assessing 

environmental impacts and ensuring a consistent consideration of these impacts in planning and 

decision-making. At the same time it aims to increase the information available to citizens and to 

increase their opportunities to participate in decision-making. The act is applied to projects in which 

compliance with international agreements involving Finland requires an assessment to be carried 

out, or which may have significant adverse environmental impacts on Finnish wildlife, or other 

special features of the environment (EU, 2013). The EIA law includes a social dimension in its 

evaluation procedure: human health, living conditions, and amenities all are subject to evaluation. 



The environmental impact of programmes, policies, and plans by the authorities must also be 

assessed and taken into account. This requires all spheres of government to re-assess their own 

operations. Certain industrial sectors always require an EIA procedure, e.g. oil refineries and pulp, 

paper, and board mills, large harbour projects, motorways, mines and major hazardous waste 

disposal facilities. 

 

The EIA procedure has an advisory character only; it is an environmental policy tool that can give 

recommendations and does not necessarily result in any decisions. As decision makers do not have 

to include information about an EIA procedure, they can actually ignore suggestions made in the 

procedural reports. The main aims of the EIA law and its procedure are to identify, analyse, and 

prevent harmful environmental impacts by assessment and evaluation. Another important aim of the 

law is to ensure that citizens have the chance to participate in the procedure at all stages of the EIA. 

Documents on EIA procedure serve as basic material on which decisions, such as the commission 

of new construction projects, should be based. Therefore it theoretically allows for different 

opinions from disparate groups to be heard.  

 

Although SIA is accepted as a part of an EIA procedure, practices have not yet been harmonised. 

Vanclay (2003) defines SIA as the processes of analysing, monitoring and managing the intended 

and unintended social consequences, both positive and negative, of planned interventions (policies, 

programs, plans, projects) and any social change processes invoked by those interventions. 

According to Kohl and Sairinen (2004) SIA has been described as methodology or a discrete step 

within a methodology, environmental management instrument, paradigm, field of research and 

discipline. What is more, the implementation of SIA as a part of EIA is not clear-cut. Typically, 

social aspects have not been taken into account, and especially implicit, subjective experiences or 

threats that are difficult to measure in qualitative manners do not enter the analysis, The good 

practice of SIA accepts that social, economic and biophysical impacts are inherently interconnected, 

which means that the change in any of these domains will lead to changes in the other and therefore 

SIA must develop an understanding of these impact pathways. In other words, there must be 

consideration of cumulative impacts on higher level. 

 

In the mining context, active proactive communication on the local level is a vital means to reach 

the SLO. An operating company can gain its social license by using EIA and SIA and to make 

informed decisions and by managing local conflicts in an open and transparent process that includes 

comprehensive public participation and input (Sairinen et al., 2012). This approach promotes good 

community relations, and emphasizes greater dialogue, understanding and relationships with 

stakeholders and authorities. There are no guidelines or specific rules for communication; the local 

dialogue is a learning process that at its best leads to improved co-operation and coordination of 

different actors such as the mining sector, other business sectors, public officials and citizens. The 

dialogues allow for the identification of social risks and to the mitigation of risks in communication, 

also with the media.  

 

In parallel with the stakeholder dialogue, the perspectives of citizens regarding mining related 

impacts, risks and uncertainties should be studied in order to avoid misunderstanding in public 

communication. Acceptability on the local level is a complicated issue of human cognitive and 

group dynamics. In the Finnish context, recreational housing, tourism and nature protection 



typically need to be taken into account together with the mining activities (Sairinen, 2011). Face-to-

face interaction between the companies and local people, information services and e-services 

supporting delivery of essential facts and indicators have been used as means of participation.  

Kittilä and in Pampalo mines in Northern Finland serve as good examples of reduced conflicts 

between mining companies and the local inhabitants due to improved local practices and mutual 

trust (Mononen et al., 2012). Traditionally, tourism has been the main industry in Kittilä but mining 

has recently become a central economic activity in the community.  The unemployment rate in 

Kittilä has decreased from 21 per cent in 2000 down to below 10 per cent largely due to a single 

gold mine. Fuelled by both tourism and mining, the economy of the municipality is more stable 

than before but it requires the mutual existence of the two sectors (Hernesniemi et al., 2011) 

 

To conclude social sustainability and its impacts can be assessed by examining changes in (Sairinen 

and Kohl, 2004):  

 

a) Lifestyle (how people live, work, play and interact)  

b) Culture (shared beliefs, customs, values, language and dialect)  

c) Community (coherence, stability, characteristics, services and circumstances)  

d) Political system (opportunities people have to participate in decisions affecting 

their lives, the stage of democratic evolution, and related resources)  

e) The environment (availability and quality of food, level of risks; sanitation, 

physical security; use and control of natural resources, quality of air and water)  

f) Health and well-being 

g) Subjective rights and property rights  

h) People's fears and hopes (notions of security and future of the community)  

 

 

5.  Reporting and stakeholder communication 

  

5.1. Sustainable mining as government priority   

 

The Finnish government outlines in the current government programme its role in supporting eco-

efficient mining and enhancing dialogue between different business areas. The government policy is 

based on a natural resource inventory, which in turn is based on the Finnish national strategies on 

minerals and the bio economy. These strategies aim at improving growth and well-being in Finland, 

seeking solutions to challenges in the global value chains, reducing environmental impacts, 

strengthening industrial policies in both sectors, and supporting a sustainable industrial transition. A 

key feature of the natural resource inventory is that it aims at material and energy efficient 

utilization of natural resources through closed-loop systems (Honkanen, 2010). The government 

sees as its role to steer Finland into becoming a leading innovator in profitable and resource 

efficient utilization of natural resources and materials (Jokinen, 2013).  

 

The government’s action programme on sustainable mining includes a participatory implementation 

plan, which was concluded in April 2013 by the Finnish Ministry of Employment and Economy. 

The implementation plan has been compiled as a result of participatory workshops covering mining, 

recycling, environmental issues, conflicts between different business sectors, education, and 

international aspects. In particular the environmental issues and conflicting interests between 

PRODUCT 



different business sectors (i.e. tourism, mining and reindeer husbandry) were highlighted. The 

implementation plan consists of 35 actions with which the mining industry can improve its 

economic and ecological performance as well as social legitimacy. The actions range from 

recommendations to improve water management and water technologies at mines to statements 

about improving joint export activities between Finland and Sweden. While the actions in the 

programme are ambitious, they point out the organizations that would be needed to carry them out, 

and there is a clear deadline to carry the actions by 2019. However, there is no binding contract 

between the participants to ensure implementation. More rigorous and clearly scheduled actions 

would be needed that would ensure the implementation of the programme. 

 

5.2. Reporting in the Finnish mining industry 

 

Corporate social and environmental disclosure has grown considerably over the last years, as 

concerns about sustainability issues have become increasingly high profile topics in the mining 

industry (Salmi 2008). Environmental disclosure refers to reporting on environmental protection, 

resource use (including land use and management) and the natural environment. In addition, social 

disclosure includes community and stakeholder engagement and labour relations.  

 

According to Jenkins and Yakovleva (2006) the maturity of content and style of reporting varies 

between different companies, while the overall sophistication of environmental reporting has 

increased. Environmental disclosure within the Finnish mining industry is comprised of both 

voluntary and mandatory disclosure (official reporting to authorities). 

 

To date, ca 50 per cent of metal mines in Finland have invested in non-compulsory social or 

environmental reporting (Rytteri 2012, Tables 1 and 3). These companies have made clear 

contributions to reporting and they are mostly large companies having sufficient resources to invest 

in reporting. Large companies with several operating sites publish detailed data on a facility-by-

facility basis, and often environmental disclosure is part of wider corporate social or annual 

reporting and it is third party verified. The remaining 50 per cent of metal mines yet to start 

reporting are mostly small or newly established mines. 

 

Table 3 

Environmental impact indicators reported by mining companies operating in Finland (Adapted from Rytteri, 2012). 

Environmental indicator Number of companies reporting 

(total 11 companies) 

Mine life expectancy 4 + 1 partly reported 

Amount of land used 6 

Water withdrawn  4 + 1 partly reported 

Water sources 4 + 1 partly reported 

Water recycled 3 + 1 partly reported 

Water discharged 4 

Energy used 5 

Greenhouse gas emissions 4 

Amount of tailings 5 

 

Within the mining industry, performance is mainly measured and reported in accordance with the 

GRI (Global Reporting Initiative) G3 Guidelines and Mining and Metals sector supplement (GRI, 



2011a). The supplement is tailored especially for the mining sector and it captures many important 

environmental and social related issues for the companies, e.g. biodiversity management and 

ecosystem services, indigenous peoples’ rights, land disputes and closure plans of mines. In general, 

common guidelines help portraying companies objectively. Companies globally may also have 

developed own indicators specific to their objectives and company values, or use indicators 

developed by mining associations in their reporting. The Finnish Association of Extractive 

Resources Industry is committed to social responsibility and is actively participating in developing 

performance indicators and reporting for the mining industry. However, common environmental 

and social performance reporting guidelines are missing. In the case of reporting on exploration 

results, surveys, feasibility studies and estimates of mineral resources and reserves, the member 

organisations are recommended to report according to the Fennoscandian Review Board standard. 

In Canada for example, the TSM initiative (Towards Sustainable Mining) of Mining Association of 

Canada (2011) consists of guiding principles and performance elements that govern Canadian 

activities of mining companies including tailings management, energy and greenhouse gas emission 

management, aboriginal and community outreach, crisis management, safety and health, and 

biodiversity conservation. 

Individual companies have taken steps to address issues with increased public attention, such as 

water management in mining in Finland. While the GRI offers general reporting guidelines for 

water disclosure (Table 4), there is no requirement for quantifying impacts related to water use. 

Thus, additional tools in reporting such as water footprint can be useful in meeting stakeholder 

expectations. Water footprint helps in providing scientifically consistent and reliable information on 

the impacts of water use. In addition, opportunities to reduce impacts associated with products at 

various stages in their life cycle can be identified.  

 
Table 4 

GRI indicators related to water accounting (GRI, 2011b). Core indicators refer to those indicators identified in the GRI 

Additional indicators represent emerging practises or address topics that may be material to some organisations. 

GRI indicator Type Brief description of the indicator 

EN8 – Total water withdrawal by 

source 

core The total volume of water withdrawn provides an indication 

of the overall scale of potential impacts and associated risks 

EN9 – Water sources significantly 

affected by withdrawal of water 

additional This indicator measures the scale of impacts associated with 

the organization’s water use 

EN10 – Percentage and total volume of 

water recycled and reused 

additional The rate of reuse and recycling acts as a measure of 

efficiency and success of the organization in reducing total 

withdrawals and discharges 

EN21 – Total water discharge by 

quantity and destination 

core The amount and quality of the water discharged by the 

reporting organization is directly linked to ecological impact 

and operational costs 

EN23 – Total number and volume of 

significant spills 

core Spills of chemicals, oils and fuels can have significant 

negative impacts on the surrounding environment, 

potentially affecting soil, water, air, biodiversity and human 

health 

EN25 – Identity, size, protected status 

and biodiversity value of water bodies 

and related habitats significantly 

affected by the reporting organization’s 

discharges of water and runoff 

additional This Indicator is a qualitative counterpart to quantitative 

Indicators of water discharge that help to describe the impact 

of these discharges 

 



The recent environmental damages related to mining industry in Finland have been difficult to 

estimate a priori, and they have proved the importance of risk assessment and management 

measures (TEM, 2012). In the Talvivaara mine case, the discharges of e.g. sulphate, sodium and 

manganese to nearby aquatic systems have been larger than expected, which caused not only 

highlighted environmental concern but also continuous attempts to manage the water balance and 

wastewater at the mine (Ratava, 2013). In order to prevent further negative impacts and to gain back 

public acceptance, risk issues should be integrated as a high-importance-topic also into corporate 

reporting. As the mining sector is strongly defined by local solutions, the reporting should take into 

account community needs and expectations. Viviers and Boudler (2010) argue that the best covered 

issues in reporting can be attributed to the direct costs they inflict on the mining companies' profits, 

and conclude that this finding makes intuitive sense as companies need to take care of those issues 

that have an impact on their bottom line before they can redistribute earnings to meet other ethical 

and philanthropic responsibilities. According to Jenkins and Yakovleva (2006), reporting is a way 

for individual companies to justify their existence. 

 

5.3 Stress testing: an attempt to expand the role of risk assessment in mining  

 

Following a water discharge incident at the Talvivaara mine in 2012, the Finnish Ministry of the 

Environment launched a stress test that was conducted on nearly half of the Finnish mines during 

the summer of 2013. All metal mines, carbonate mines, industrial mineral mines and related 

beneficiation plants (21 sites in total) were included in the stress test, which was developed from the 

basis of the European Nuclear Safety Regulators Group stress test on EU nuclear power plants 

(Välisalo et al., 2014). Like the Government’s action programme on sustainable mining, the stress 

test on mines was based on voluntary non-binding dialogue. The test attempted to assess the 

capacity of the mine operators to tackle different types of pressures that may lead to negative 

environmental impacts. Their further aim was to identify practices and processes that are prone to 

cause negative environmental impacts, and to improve risk management at mines.  

 

Given the sensitivity of the Finnish mines to water related problems, the stress test had a clear focus 

on the secure operation of ponds, dams and reservoirs. The test was well received in that all the 

mines that were approached – and that were in operation at the time of the test – responded to the 

stress test questionnaire. The test included 7 risk situations, each with a set of more specific 

questions, with which operators conducted an evaluation of their site: 

 

1. Exceptional rainfall or amount of surface water leads to difficulties in water management, 

storage and discharge, leading to a significant increase in the mine environmental load. 

2. Pond/dam structure or related equipment do not tolerate the pressure caused by 

exceptionally large volumes of water 

3. Harmful substances are dissolved and discharged from the mine in exceptionally large 

quantities and travel to surface or ground waters outside the mine site; any other emission 

from the site causes significant environmental harm (e.g. aerial emissions).  

4. Storms or other unforeseen events lead to a long-term power failure, which prevents the 

enrichment process and water management from operating properly, and further leads to 

harmful substances entering the natural environment. 



5. The operator resources are insufficient to properly evaluate the severity and impact 

(ecological and environmental health risks) of an exceptional incident.  

6. When an environmental problem occurs, the operator is unable to communicate with 

employees, authorities, media, and local residents (insufficient information, 

misunderstandings, etc), 

7. Vandalism or sabotage leads to serious environmental damage.  

 

Overall, the test indicated that the mines in general are well prepared to tackle unforeseen incidents. 

The stress test evaluation group reported that for instance dam structure control, rapid dam rupture 

reparation, identification of harmful emissions, precaution against power failure and sabotage, and 

communication of incidents are well managed at the sites. The evaluation group found, however, 

that there is still need for improvement in water management especially as regards the management 

of excess water (Välisalo, et.al, 2014). While most of the results were technology specific and 

focused on internal processes at the sites, the evaluation group also recommended that larger 

volumes of contaminant-free water could be led into the environment so as to further prevent 

malfunction of the mining or beneficiation process in the case of excessive rainfall or snow. Linked 

closely to the water related environmental concerns, such actions would do well if subjected to 

dialogue with stakeholders and connected to the more general issue of water efficiency and water 

footprint as described in this article.  

 

The difficulty with stress tests like the one conducted in Finland is that mines are rather unique to 

their production, technologies and environmental issues. It is therefore very difficult to establish a 

comparable metric for environmental stress tolerance for mines. Rather than attempting to do such 

comparison, the stress test should be based on mine specific continuous improvement to prevent 

high risk events in the future. The government role in such continuous process would be to keep up 

with the industry and encourage the industry to learn more about its socio-environmental dynamics 

and in the best case improve the SLO, environmental safety and economic performance.      

 

 

6.  Future challenges and possibilities 

 

One tool to identify the most important drivers for environmentally and socially acceptable mining 

is foresight, which includes industrial and stakeholder workshops for creating a vision and a 

roadmap. The foresight process has recently been used in the Finnish research project ‘Sustainable 

Acceptable Mining’ where drivers were studied in global, regional and local levels in cooperation 

with various stakeholders of the mining industry (e.g. companies, authorities and non-governmental 

organizations). The project is part of the ongoing Finnish Green Mining programme. The vision of 

the sustainable and acceptable mining industry in Finland was based mainly on the results of the 

workshops (Kohl et al., 2013). The conclusions of the project are summarized as follows and they 

have also been reported as roadmap format (for further details see Kohl et al., 2013):  

 

a) Learning and creating the mining industry 

b) Developing corporate culture in the mining industry 

c) Mining industry accepted by the local community 

d) Developing authority actions 



e) Recognizing the life-cycle of the mine, including post-mining activities 

f) Tailored communication  

 

The new mines have to find ways for effective, safe and sustainable beneficiation of lower ore 

grades and complex minerals in difficult or extreme environments, such as the sensitive Nordic 

environmental conditions and deeper mines. At the same time the pressure from legislation, 

surrounding society and stakeholders is growing. In the recent environmental permits, this is visible 

especially in the limit and target values for sulphate and the limit values for nitrogen compounds. 

 

For the Finnish mines both water use and water quality are important. The challenge of fluctuating 

and excess water quantities can be tackled by introduction of a dynamic water management system 

covering whole mining area, and by continuous improvement and preparation against long term 

stress factors. Dynamic water management systems consist of differentiated water recycling and 

treatment systems and on-line monitoring of water flows, integrated with tools for modelling, 

transfer and management of data and control of the flows. Water management will be an integral 

part of the future mine process control system and there are new tools for environmental water 

management like water footprint, risk assessment and eco-efficiency but the methodology should be 

developed further. 

 

Pluralism and diversity of stakeholder aspects is a crucial basement of social acceptance, which is 

incommensurate with either-or type of thinking. There are always alternatives, which should be 

considered critically while keeping the multiple issues of sustainability in mind. Economic interests 

must not override values and social acceptance. To be blunt, social acceptance and the SLO should 

be there long before the mining activity actually begins. Social sustainability must be raised on a 

par with the technological-economical dimension. It is vital for the long-term planning and action. 

 

To foresee social acceptance at least the following are required (Kohl, 2006): 

 

a) Systematic co-operation between stakeholders and organisations e.g. through partnerships. 

b) Openness, lack of prejudice and critical thinking. Social licence to operate is not an obstacle 

but an opportunity. 

c) Resources and know-how for communication in different levels (also locally) 

d) Values – what are the underlying values and responsibilities on an operational level. 

e) Stakeholder engagement – which stakeholders should be involved and why. 

f) Assessment and illustration of ideas of time – what is a short time for some can be a long 

while for others. 

g) Creativity and innovation – structural flexibility.  

 

The boost of the mining sector is clearly an opportunity for Finland not only because of the 

employment and economic impacts provided by mines but especially because of the possibilities 

created for technology and service companies along the value chain. Taking advantage of this 

opportunity requires development of economically and environmentally viable solutions for future 

challenges of the sector. There is a clear need to further develop communication and collaboration 

with a surrounding society and other stakeholders. The SLO has to be re-earned every day and in 

this respect sustainable mining is continuous development process. The mines have to be 



sustainable, safe and acceptable, but in addition they have to monitor and communicate how the 

sustainability of operations is improved. The most important drivers of future development also 

include improved material, energy, water and cost efficiency – factors which usually are highly 

interrelated.   

 

 

7.  Discussion 

 

The Finnish mining sector has several ongoing research initiatives and activities in the Government 

funded Green Mining Research Programme. Much of the research is focused on environmental and 

social sustainability. Regional issues are of specific concern of the mining industry and there is an 

urgent need to define the primary drivers for mining industry, the three pillars of sustainability and 

emerging technologies and services from a local perspective. In order to fulfil the needs, the 

potential technologies, services and business concepts should be identified and evaluated during the 

whole life-cycle. The industry’s environmental load has traditionally been studied in relation to the 

production, not to technology changes. It is no longer enough to measure and report the different 

emissions; instead there is a need to recognize the environmental effects of different technologies. 

Although some of the environmental load of the mining industry’s process technology is well 

known and taken into account in the design of new technology or production lines, there is a lack of 

a wider environmental view on technology development 

Value chain based environmental tools to manage water use and its impacts on nature should be 

developed further and create guidelines to calculate mining sector specific water footprint, water 

efficiency and regional water risk assessment. Currently, no such guidelines exist for mining sector. 

Water footprint should be a part of environmental sustainability indicator set for a water intensive 

process industry like mining. Water footprint needs data not only for site water balance but also 

hydrological information such as precipitation and evaporation at the site. Both quality and quantity 

data are needed. Water footprint can be calculated for a product or a process, and thus the functional 

unit should be carefully considered as well as allocation aspects. Water efficiency can be linked 

with reduced energy consumption and the respective economic costs and can be used to evaluate 

economic and environmental aspects of new technologies.  

 

The SLO is crucial in all phases of the mine: in the planning phase, during active mining and in the 

mine closure phase. However, the concept should be clarified and enhanced based on the needs of 

different stakeholder groups of the sector. Social acceptability is a multi-level issue, affected by 

common valuation, the history and development of the mining sector and the overall discussion. 

Most often social aspects have not been taken into account because they might be difficult to 

measure quantitatively. Effective means of communication is essential and will increase knowledge 

and cooperation between industry and stakeholders on national and international levels. According 

to Jartti et al. (2012), acceptability is not a zero-sum game. Instead, acceptability has an impact on 

different levels and the environmental issues can be criticised while the economic development in 

local level is accepted. 

 



Although water issues are important there is a need for a wider set of sustainability indicators 

covering environmental, social and economic indicator that are specific for the mining sector in 

general. There are general reporting guidelines for water disclosure (See Table 4) but impacts 

related to water use are not quantified in GRI. Thus additional tools in reporting such as water 

footprint can be useful in fulfilling stakeholder expectations. Such environmental reporting and 

managing initiatives exist (TSM Canada) or they are under development. In these initiatives the 

most relevant social, environmental and economic issues and their interlinking can be defined 

which will enhance harmonised reporting in the future. 
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