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Abstract: 
Growing demands of goods and services including but not limited to fuels and metals have 

created many environmental problems that are in need of sustainable solutions.  Fossil fuels 

contribute to global warming and heavy reliance on them is unsustainable. Biofuels from 

microalgae do not compete with agricultural land for food as do other biofuels so they are 

better suited to replace fossil fuels. Mining causes numerous environmental impacts but 

particularly those on water is the focus of the thesis. Microalgae can bioremediate water that 

is polluted. This thesis investigated the potential applications of microalgae at Aitik open pit 

copper mine for metals recovery and biodiesel production. Aitik is located in northern 

Sweden and currently has no methods of metal recovery from water in the final stage of 

collection. Some metals will most likely settle but the amount of metals emitted annually to 

nearby water bodies suggests that there is still a need for metal recovery from the wastewater. 

Microalgae species of Scenedesmus were found to be theoretically suitable for the conditions 

at Aitik and for the desired purposes of metal biofixation and biodiesel production. They have 

relatively high metal resilience, can survive low nutrient environments, and have high lipid 

content. Calculations showed that biodiesel production would not be profitable at Aitik from 

microalgae. However microalgae can provide revenue through sales of the recovered metals. 

The applications of Scenedesmus sp. in northern latitudes for both bioremediation of water 

and biodiesel production can be applied to other industrial activities besides mining. 

Key Words: 

Bioremediation, biofixation, biofuels, algae, biomass, bioaccumulation, biomagnification, 

heavy metals, Scenedesmus, and bioconcentration. 
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1 Introduction: 

1.1 General: 

Over the past 50 years society has disrupted ecosystems more than ever before to meet growing 

demands of goods and services, (Millennium Ecosystem Assessment Board, 2005). Where humans 

have been doing ‘progressive development’ is easy to see on the earth because scars are left behind, 

pollution, and other damage. To remediate the damage done but to also continue improving the 

standard of living there is a need to live sustainably. To do this, ecosystems should be remediated of 

pollutants added by human activities. Systems thinking and closed loop systems can optimize the use 

of resources and limit the environmental impacts.  

Aitik is located outside Gällivare, a town in northern Sweden. Aitik is significant because it is 

Sweden’s largest copper mine, (Boliden AB, 2015). The machines here are large scale with rock 

trucks weighing 570 tons fully loaded and the production on site is run 24/7, (Boliden AB, 2015). As 

will be discussed later on algae can absorb atmospheric CO2 which is attractive for such a polluting 

industry. The mine also emits 8 different metals and nitrogen annually, (Swedish Environmental 

Protection Agency, 2013). These emissions to water bodies are what make water remediation 

attractive for this mine. 

There are many environmental problems affecting the planet today from mining activities to the use of 

fossil fuels. While metals are recovered from contaminated mine wastewater the end use of the micro 

algae can be used for biofuels production, replacing fossil fuels. This thesis investigates these uses of 

microalgae at the Aitik open pit copper mine. Algae have great potential to solve many of the 

environmental problems that human industries create. Algae take up nutrients that are unwanted in 

water in large amounts, they fix CO2, they can bioaccumlate metals, and their high lipid content is well 

suited for fuel production. Algae have many other applications and qualities but for the purpose of this 

thesis there will be focus on how they can be used at the Aitik mine site for metals recovery, nutrient 

removal, and biodiesel production. Brief backgrounds on Aitik, water pollution, biofuels, and 

microalgae will be given to further show that microalgae are appropriate for solving the issues those 

topics have. 

1.2 Research Objectives: 

The thesis questions assess the feasibility of the use of microalgae in such a northern latitude area as 

Gällivare, Sweden.  

 Is there potential use for microalgae at Aitik open pit copper mine, considering the site 

conditions? 

 What are the most applicable species of algae for the purpose of this thesis? 

 What are the most suitable technologies for means of producing microalgae? 

 Would this be sustainable from an environmental and economic perspective?  

 Is producing biodiesel as an end product from the microalgae profitable here?  

This thesis will investigate all of these questions in order to provide Boliden AB a platform from 

which to be able to apply the idea at Aitik, other mines, or conduct their own research.  
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2 Background: 

2.1 Aitik Open Pit Copper Mine Overview: 

The world’s population is growing, putting an ever increasingly high demand on the need for 

resources. Mining is important to keep up with these ever-growing demands but it leaves a negative 

impact on the earth, (Bureau of Land Management (USA), 2014). Strip mining, otherwise known as 

open pit mining creates mass amounts of waste from overburden removal and tailings, (Davis & 

Masten, 2009). 

The mine has been in production since 1968, (Lindvall M. , 2005). All pollution emitted to air and 

water annually has been travelling and accumulating since then. At the mine every 1 ton of mined ore 

after processing has 10 kg of concentrate which is made up of 2 kg copper, 2 g silver, and 0.1 g gold, 

(Boliden AB, 2015). In more recent years production has gone up to 36 Mt of ore annually, (Boliden 

AB, 2015). 15-25 Mt of overburden is removed annually to reach the desired ore, (Lindvall M., 2005). 

The overburden rock gets separated and processed, some of which goes towards material for 

pavement, (Boliden AB, 2015). The rest of the overburden is piled in rock dumps near the mine and 

the waste rock from the ore processing is dumped into the tailings pond, (Lindvall M., 2005).  

The tailings pond takes up an area of 13 km
2
 and has four dams. The slurry of tailings and water are 

pumped to dam A-B. There is normally around 2 M (m
3
) of water in the pond before dam E-F releases 

water downstream into the clarification pond. The maximum holding capacity of the clarification pond 

is 15 M (m
3
) and the area is 1.6 km

2
, (Göransson, Benckert, Lindvall, & Ritzén, 2001). Figure 1 shows 

the system of dams and ponds existing there today. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The tailings pond, clarification pond, and dams at Aitik mine 
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The treatment of the wastewater ends at the clarification pond. The pond has multiple purposes 

including: final water treatment step, a reservoir for mining process water, a reservoir for water 

pumped out of the open pit, and to buffer the excess water from precipitation and snowmelt. The 

clarification pond releases water to the following water bodies: Leipojoki Creek, Vassara River, Lina 

River, Ängesån River, Kalix River and Sakajoki River, (Göransson, Benckert, Lindvall, & Ritzén, 

2001). The water is released when the water level gets too high or through accidental release. 

Emissions to water also occur when ditches with run-off over-flow from high precipitation. Figure 2 

shows the receiving water bodies of water from Aitik mine. 

 

 

 

 

 

 

 

 

Figure 2 Receiving water bodies 

Water is recirculated for the mining processes. Water from the settling pond is used for processing and 

that wastewater is dumped back into the tailings pond, (Lindvall M., 2005). The water that is released 

into natural water bodies after settling in the clarification pond contains As, Cd, Cr, Cu, Hg, Ni, Pb, 

Zn, and nitrogen, (Swedish Environmental Protection Agency, 2013). 

One of the dams that hold back wastewater failed on September 8
th
, 2000 with a breach 120 m wide. 

The cause of the breakage is estimated to be from the excessive precipitation. The extra water caused 

water to flow to the spillways and erode away along dam I-J. 2.5 M (m
3
) of wastewater was accidently 

discharged into the clarification pond. Workers discharged 1.5 M (m
3
) from the clarification pond into 

natural water bodies. The environmental impact recorded from this incident was a rise of suspended 

particles in the river system downstream. Studies were later conducted that showed 19-23 kg of Cu 

was emitted to two rivers. Further studies are required to be able to have conclusive results of how this 

affected the river ecosystems, (Göransson, Benckert, Lindvall, & Ritzén, 2001).  

The mines reclamation activities have already begun and will be completed fully after the operations 

are stopped in 2029, (Boliden AB, 2015). The tailings pond will be drained of the water and covered 

in protective layers of rock, clay, and soil to prevent oxidation, (Lindvall & Eriksson, 2003). To 

prevent erosion of soil all areas of the mine after closing will have sewage sludge as a top layer to 

promote permanent re-vegetation, transforming the waste rock mounds into rolling hills.  The pit will 

accumulate with water from snowmelt, precipitation and possibly from the water in the tailings and 

clarification pond, (Takala, Kontturi, Rutkvist, & Lindvall, 2001). It will take a total of approximately 

150 years for the pit to become a productive lake, (Boliden AB, 2015).  

Although the decommissioning plan focuses on the waste rock there are steps that Boliden AB does 

repeatedly for water restoration after operations are closed. When they take water from the site to fill 
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the pit to transform into a lake they add lime to raise the pH, (Boliden AB, 2015). Mining wastewater 

tends to have a low pH and contain metals. Microalgae raise the pH in water which is another reason 

why microalgae applications on mine sites are attractive.  

Figure 3 below shows the view of the Aitik mine and surrounding areas as seen from google earth. 

This image shows that the town Gällivare is in close proximity and an airport, as well as many lakes 

and rivers. It is important to remediate the mine wastewater to prevent contaminating water sources for 

the town and ecosystems.  

 

Figure 3 Aitik mine and surrounding area 

2.2 Water Pollution: 

Water remediation is a crucial aspect of focus since it is one of the most consistently polluted 

resources at a mine site. Water is how pollutants travel past the immediate site and effect larger areas. 

When water run-off from mines becomes contaminated it has any of the following: elevated 

concentrations of metals, increased levels of suspended sediments, acidity, hydrocarbons, brine 

leaching, (MMSD project of IIED, 2002). Remediating the water is important in order to prevent 

damage to ecosystems. The following paragraphs will illustrate more specifically the water pollution 

problems caused by the opencast mining operation in Aitik, Sweden.   

Strip mining causes excess erosion and adds extra sediment loads into nearby water bodies. Suspended 

solids can be organic and inorganic particles which can cause an increase in turbidity, decrease light 

penetration, exert an oxygen demand, increase bacterial populations, and settle to the bottom of the 

water body. The extra sediment at the bottom of the water body can destroy the habitat of benthic 

organisms and other aquatic organisms. These consequences all contribute to a lower quality of water 

that demotes the growth of flora and fauna, (Davis & Masten, 2009).  

In 2001 the EPA of the United States set a new arsenic standard for drinking water of 10 mg/L. 

Arsenic poisoning has multiple health effects from skin lesions to a higher lifetime risk for certain 

cancers, (Davis & Masten, 2009). It is one of the many substances emitted to water from mining 

operations in Aitik annually, (Swedish Environmental Protection Agency, 2013). 

Excess nitrogen is also undesirable in water. In aquatic ecosystems it can cause algae blooms and 

eutrophication, (Davis & Masten, 2009). This lowers the amount of dissolved oxygen when the algae 
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decompose, lowers the light penetration killing other vegetation, and more. Aitik emits nitrogen 

annually to water bodies, (Swedish Environmental Protection Agency, 2013).  

Certain substances can be more harmful to aquatic ecosystems then others if they bioaccumulate. 

Bioaccumulation processes can effect population growth, biodiversity, behavior, and more. Lipophilic 

substances can partition into the fat tissues in animals. Bioaccumulation is the uptake of such 

substances in an organism that are not metabolized or excreted faster than they are retained and added. 

When a substance becomes more concentrated higher up in a food chain then it is at the lower levels, 

the process of biomagnification is occurring. So even if algae have very low concentrations of mercury 

a fish at the top of that lake food chain may contain dangerous levels that effect its reproduction, 

behavior, and more. The process of bioconcentration makes the concentration of a chemical higher in 

the organism then it is in the water. This is the most important bioaccumulation process for aquatic 

species in particular. The animals can uptake substances from the dissolved phase through the gills and 

sometimes even skin, (Davis & Masten, 2009). 

Toxic metals are another category of water pollutants that are known to be discharged from mining 

operations, including Aitik. Heavy metals can bioaccumulate and biomagnify meaning that even low 

annual emissions can potentially be dangerous for the food chain. When water comes in contact with 

the tailings geochemical and microbial reactions occur causing the water to have high concentrations 

of dissolved metals and a low pH. The heavy metals that occur most commonly are As, Cd, Cr, Cu, 

Ni, Pb, and Hg, (Davis & Masten, 2009). Zn is another metal that is released from mining operations 

in Sweden, (Swedish Environmental Protection Agency, 2013). Hg is dangerous when released into 

water bodies since it bio-accumulates in the food chain. Fish can travel long distances spreading the 

Hg to places where run-off water or released mine water never may have reached before, (MMSD 

project of IIED, 2002). 

Acid mine drainage is not of major concern for water pollution at Aitik mine since the waste rock has 

such a low Sulphur content, (Lindvall M., 2005). Groundwater contamination is also not a major 

concern at Aitik since the soil has such a low permeability, (Takala, Kontturi, Rutkvist, & Lindvall, 

2001). The major concern at Aitik is emissions to water bodies. 

2.3 Biofuels from Biomass: 

Biofuels is one of the alternatives to fossil fuels. The importance of replacing fossil fuels is illustrated 

in the following paragraph. Society’s high dependency on fossil fuels has contributed significantly to 

global warming since the use of fossil fuels release greenhouse gases into the air. There are also 

environmental impacts related to the finding of new reserves, the extraction process, refining process, 

transportation and oil spills, (Davis & Masten, 2009). Lowering society’s dependency on fossil fuels 

will take time but already there are cities making plans for a future with 100% renewable energy. One 

such city Borås, Sweden, has a vision for 100% renewable energy use for 2025, (Borås Kommun, 

2012). The alternatives to fossil fuels have some problems of their own but these should be weighed 

against the unpredictability and environmental impacts from fossil fuels. 

The potential of biomass energy has been an attractive topic in the last decades for replacing fossil 

fuels. Biofuels currently in commercial use include alkyl esters, 1-butanol and ethanol. The primary 

energy crop used for ethanol production in the United States is corn. Ethanol use has been estimated to 

reduce CO2 emissions, making it an attractive alternative to CO2 producing fossil fuels, (Davis & 

Masten, 2009). 
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There are problems with these biofuels for alternatives to fossil fuels. With so many hungry people in 

the world is it ethical to use productive agricultural land for biofuels instead of food? Productive 

agricultural lands are valuable and excess use of them depletes top soil, nutrients, and water resources. 

It has been estimated that even if all of the corn and soybean crops in the United States were dedicated 

to biofuel production instead of food it would only meet 12% of gasoline demand and 6% of diesel 

demand, (Davis & Masten, 2009). The solution to biofuels is to use a crop that is nonfood, and can be 

cultivated on areas that are not attractive for agriculture. A suitable solution is microalgae. If 1-3% of 

the crop area in the USA were used for producing algae biomass 50% of the transportation needs of 

the USA could be met with that biofuel, (Difusa, Mohanty, & Goud, 2015).  

There are numerous advantages of algal biodiesel over petroleum diesel. If produced sustainably algal 

biodiesel is renewable, biodegradable, and potentially carbon neutral. It also contains less particulates, 

carbon monoxide, hydrocarbons, SOx, and soot then petroleum diesel. The most obvious advantage is 

the reduction of CO2 emissions which can be up to 78% less than the emissions from petroleum diesel, 

(Brennana & Owendea, 2009). 

2.4 Microalgae: 

Algae belong to the kingdom Protista, are photoautotrophic, and have a great number of applications. 

They remove nutrients such as phosphorus and nitrogen and thanks to their relatively high lipid 

content they have huge potential in replacing food crops for biofuel production. Algae are used for 

animal feed and also replacing food crops for humans, (Narasimhan, 2010). Useful applications with 

medicine, cosmetics, and bio-fertilizer are also uses for cultivated algae, (Brennana & Owendea, 

2009). While removing nutrients from wastewater they also biofixate metals and capture CO2, 

(Narasimhan, 2010). 

The microalga that this thesis focuses on is a type of green algae (Chlorophyta), (Brennana & 

Owendea, 2009). Green algae are aquatic and experience phototaxis. They are driven towards the light 

to optimize photosynthesis. A similarity to true plants is that green algae store food as starch and their 

cellular walls contain cellulose. A green pigment called Chlorophyll a is found in all algae, is involved 

in photosynthesis and can be used to distinguish the mass of algae in a water body from other biomass 

such as bacteria, (Davis & Masten, 2009).  

Abiotic conditions including temperature, water quality, dissolved mineral content, carbon dioxide, 

pH, number of hours of daylight and intensity of sunlight need to be within the correct range 

depending on the microalgae species for the most ideal growth environment. There are also biotic 

factors including but not limited to cell fragility and cell density, and mechanical factors. For large 

scale cultivation mechanical factors such as mixing and distribution are also important. Ideal growth 

conditions are vital for reaching the exponential growth rate as fast as possible, having efficient 

bioremediation, and the highest percentage of lipid production possible. Algae biomass productivity is 

mostly affected by light and temperature. The addition or availability of CO2 for the algae helps 

control the pH of the water (this tends to rise as algae fixate CO2) and increases the yield of algae 

biomass, (Narasimhan, 2010). Algal growth is most often controlled by phosphorus levels since it is 

the limiting factor in most water bodies. The limiting factor could also be the concentration of nitrogen 

or the light intensity but all three factors are important for algae growth, (Davis & Masten, 2009). 

The conditions that increase the lipid content in microalgae are nutrient stress, high light intensity, low 

temperature, and high iron concentration. Algae productivity is decreased as lipids are produced. It is 

hence important to control the nutrient depletion and harvesting of the algae biomass with the right 
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timing in order to optimize both the amount of biomass and then the mass of oils. Chlorophyll aids in 

cell growth and lipid production by acting as a nitrogen reserve, (Narasimhan, 2010).  

To find which algae are best suited for bioremediation and biodiesel production known algae that were 

good at both were found and compared, species on both lists have high potential.  

3 Method: 
This thesis was conducted by doing a case study on Aitik mine for applying microalgae on site for 

water remediation and biodiesel production. Water remediation in this case was for wastewater in the 

clarification pond with focus on metals recovery and nutrient removal. Scientific literature was 

reviewed to deduce if microalgae use for these purposes were feasible at this mine site as well as 

calculations determining minimum requirements Aitik would need to meet in order to not inhibit the 

productivity of the microalgae.  4 important factors were deemed to determine the feasibility of the 

proposed technology: 

 Site conditions 

 Appropriate selection of species 

 Technological matters 

 Sustainability 

These factors were assessed in order to fulfill the research objectives. The conclusions from these 

objectives show the feasibility of this topic at the target site and the potential for establishment at 

other mine sites. 

Site conditions at Aitik must permit the cultivation of microalgae. Site conditions include climatic 

conditions, available land space, and the contents of the wastewater. If the climate is too cold, if there 

is no space to cultivate the microalgae, and/or if the contents of wastewater hinder the productivity of 

microalgae then it is not feasible to apply microalgae at Aitik. The largest concern for the contents of 

the wastewater is the concentration of metals.  

Species refers to the microalgae species that could meet the demands of the other 3 factors. The 

species should thrive under the site conditions, have economic and environmental benefits, and be able 

to be cultivated with existing technology. The recommended species should in particular be able to 

grow in cold conditions, be able to biofixate the metals that Aitik releases, and have a high lipid 

content.  

Technology refers to the cultivation methods of the recommended microalgae species for all its 

intended purposes. The existing methods and technologies for everything from cultivating, to 

harvesting, to biodiesel production should be applicable both at Aitik mine and for the investigated 

microalgae species.  

Sustainability in this case study refers to the economic and environmental incentives in applying 

microalgae for biofixation of metals and biodiesel production. Although microalgae can also absorb 

CO2 and remove nutrients from the water the main incentives will focus more around the 

environmental and economic benefits from both metals recovery and the biodiesel. If there are not 

enough relevant environmental benefits or if the biodiesel production is not profitable then the 

intended applications of microalgae at Aitik are not feasible. Sustainability also pertains to social 

aspects which in this case study could potentially be more jobs but this will not be investigated. 
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4 Results: 
All calculations done in this section can be found in the appendix.  

4.1 Site conditions: 

Climatic conditions at Aitik:  

Gällivare is situated at latitude 67˚N approximately 100 km above the Arctic Circle. Due to its cold 

weather the productive season for cultivating algae is only 4 months long running from June 1st to 

September 3
rd

. The median cloud cover is 86% throughout the year and does not shift often.  During 

the warm season the daily high average temperature exceeds 13°C and the daily low average 

temperature is 4°C, (Cedar Lake Ventures, Inc., 2012). Table 1 illustrates the number of hours of full 

daylight on average in Gällivare from data during 1992-2012. The numbers of hours are averages per 

day during each month.  

Table 1 Number of full daylight hours in Gällivare 

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Hours 0 4 10 14 16 18 17 14 10 6 2 0 

 

Algae have important biochemical processes that occur in the dark. An alga called Chlorophyceaen 

was found to have more cell divisions during dark conditions. An optimum ratio that uses the least 

amount of energy while producing the most biomass is a light duration of 12-15 hours, (Narasimhan, 

2010). The warm season has approximately those optimal hours nearly throughout the 4 months, 

which is promising for algae production.  

In May-June snowmelt causes an intense time of high water levels in water bodies, increased run-off, 

and increased erosion, (Lindvall, 2005). Surface run-off at Aitik mine is directed by ditches to the 

holding ponds or directly to natural water bodies. If algae were in production during the warm season 

these ditches instead should be directed there for treatment.  

A recommendation for algae cultivation in colder climates according to Grönlund & Fröling, is to 

store wastewater during the colder and unproductive months and then the algae can be cultivated for 

cleaning the water during the warmer and productive months, (Grönlund & Fröling, 2014). This 

solution is applicable at the Aitik mine site since wastewater is already stored year round in the 

tailings pond and then settling pond. So the stored water could be drained little by little into the high 

rate algae ponds during the warm season for remediation before being recirculated for mine processes. 

In this way the metals would be removed, the biomass could be used for biodiesel production, and the 

water that is released into the river has higher dissolved oxygen content. 

Available Land Space: 

The pond system has limited options of location due to the current roads and rivers that surround the 

mine site. The clarification pond can be seen in the northwest corner and beside it to the west is a road 

and to its northwest is a river. That makes the easiest location for the pond systems to be north of the 

clarification pond, leaning slightly east due to the curving river. Figure 4 shows a close up view of the 

mine area, with the red circle indicating the easiest location to put the pond systems that would not 

interfere with the road or river.   
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Figure 4 Aitik open pit copper mine as seen from google earth 

The ponds need to have a total volume that exceeds 406400 m
3
 and a total surface area that exceeds 

approximately 0.8 km
2
. These were found based on the highest potential amount of metals in the water 

at any given point and the concentrations that restrict the growth of Scenedesmus obliquus. Based on 

these calculations there is enough room in the desired location to put the algae ponds. 

Contents of Aitik wastewater: 

The following Table 2 shows the annual emissions in kilograms of substances to natural water bodies 

from Aitik mine’s wastewater from 2007-2013, (Swedish Environmental Protection Agency, 2013). 

Table 2 Emissions to water (kg) from Aitik mine operations, 2007-2013 

 

 

 

 

 

 

 

Substances that are known to inhibit the growth of algae are urea, ammonium, organic acids, phenolic 

compounds, and pesticides, (Narasimhan, 2010). This is another reason why algae production is 

feasible at the Aitik mine since their wastewater does not contain any of those limiting substances, 

(Swedish Environmental Protection Agency, 2013).  

4.2 Species: 

Scenedesmus is a genus of green algae that are appropriate for the proposed uses at Aitik mine. 

Scenedesmus sp. will dominate the population of the ponds because they are known for nutrient 

removal, relatively high resilience to metals, metal biofixation, and a high lipid content suitable for 

biodiesel, (Narasimhan, 2010). Scenedesmus sp. are able to survive even in a low nutrient 

environment which is attractive economically for the decreased need for added nutrients to the pond 
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system, (Xin, Hong-ying, Ke, & Ying-xue, 2010). The relatively high resilience to metals means that 

at certain concentrations Scenedesmus sp. growth are not inhibited by the metals unlike other more 

sensitive algae genera. A study of 60 genera of algae found that Scenedesmus was one of the eight 

most tolerant algae to organic pollutants, (Abdel-Raoufa, Al-Homaidanb, & Ibraheemb, 2012). Figure 

5 below shows an image of Scenedesmus algae. 

 

 

 

 

Figure 5 Scenedesmus algae, (Narasimhan, 2010) 

Scenedesmus sp. are able to grow in cold temperatures. After 3 days at 10˚C the growth rate increases 

and the alga have nearly the same maximum density as the ones grown in higher temperatures. At 

10˚C lipid content was 31% of algal biomass and at 20˚C it was 35%. At 25˚C and 30˚C the 

percentages of lipid of total algal biomass was 25% and 22% respectively. Although 20˚C is the most 

efficient temperature for Scenedesmus sp. for optimal biomass and lipid content, 10˚C is still more 

efficient then temperatures higher than 20˚C, (Xin, Hong-ying, & Yu-ping, 2010). During the 4 month 

warm season at Gällivare the average daytime high is 13˚C and the average nightly low is 4˚C, (Cedar 

Lake Ventures, Inc, 2012). The alga’s adaptability shows potential for growing at Aitik. 13˚C is just 

slightly under the optimal temperature for Scenedesmus sp. to have the optimal biomass and lipid 

content. As mentioned earlier microalgae have important biochemical processes that occur in the dark, 

(Narasimhan, 2010). It is therefore important that the effects of 4˚C during night conditions on 

Scenedesmus’s ability to perform these processes should be further investigated. 

Polyphosphate bodies in green algae can sequester the following metals: Ti, Pb, Mg, Zn, Cd, Sr, Co, 

Hg, Ni, and Cu, (Narasimhan, 2010). This is useful for the wastewater at the mine because of those 

metals it releases Pb, Zn, Cd, Hg, Ni, and Cu annually. As, and Cr are also emitted annually into water 

bodies from Aitik mine but are not known to be sequestered by green algae, (Swedish Environmental 

Protection Agency, 2013). Based on previous studies Scenedesmus obliquus accumulates certain 

metals more with a higher level of phosphorus in the water. With increased phosphorus levels the alga 

could accumulate increased amounts of Cd and Zn, (Narasimhan, 2010). So for during the first stage 

of the algae in the ponds there should be no limit on the amount of phosphorous. Nutrient limitation 

should be controlled later when the desired amount of biomass is produced and the maximum amounts 

of metals are accumulated. The nutrient limitation at that stage would promote lipid production for the 

final stage of biodiesel production.   

Studies on Scenedesmus sp. have shown that when nitrogen and phosphorus are in ratios of 5:1-8:1 the 

algae removes nearly all of the nutrients. It was found that limiting the nitrogen to 2.5 mg/L caused 

lipid accumulation to reach as high as 30% of the total biomass and limiting phosphorus to 0.1 mg/L 

reached 53%, (Xin, Hong-ying, Ke, & Ying-xue, 2010).  

What concentrations of certain metals algae can handle will determine the minimum amount of water 

that the ponds should receive from the clarification pond. The metal concentrations that Scenedesmus 

obliquus can tolerate are the following: 0.5 mg/L for Cu, 0.5 mg/L for Cd, 2 mg/L for Ni, 2 mg/L for 

Zn, and 30 mg/L for Pb. At these concentrations and stronger would reduce the growth significantly, 

(Narasimhan, 2010). Other species of Scenedesmus are more tolerant of Cu which is appropriate for 
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applications at the mine. At 33.4 mg/L of Cu, Scenedesmus sp. were found to remove 81.20% of the 

Cu, (Benchraka, 2014). This means that multiple species of Scenedesmus are better suited for Cu 

removal then Scenedesmus obliquus is on its own.  For caution all calculations for the pond system 

were done with the most limiting restrictions from Scenedesmus obliquus.  

4.3 Technology: 

Cultivation:  

There are many options for mass cultivation of microalgae. In the case of Aitik mine open ponds are 

the best suited. Photobioreactors use less water and chemicals then do open pond systems and produce 

higher biomass productivity.  They are not well suited for Aitik mine since they are costly to construct 

and Aitik mine is reaching to its decommissioning phase, (Narasimhan, 2010). Open ponds are easier 

at Aitik since they have existing settling ponds, a tailings pond, and drainage ditches already. Open 

ponds do lose water through evaporation since they are open, but this openness allows for easy access, 

(Narasimhan, 2010). Open ponds will have multiple species of algae since they are open for other 

species to enter the system. The purposeful combination of different species increases the efficiency of 

metal uptake. 

High rate algae ponds are a type of open pond well suited for Aitik mine. They take up a large surface 

area due to their shallow depths of 0.3 - 0.5 m. This optimizes the time each alga is exposed to light 

but the water must always be in motion by a paddle wheel, (Grönlund & Fröling, 2014). The paddle 

wheel’s depth of operation can improve the productivity and this optimal depth should be investigated 

specifically for Scenedesmus sp. based on their density and preferred time in contact with light. 

Contamination of other species can promote or demote the productivity of the desired algae species, 

(Narasimhan, 2010).  

CO2 is an important resource for algae to perform photosynthesis, (Davis & Masten, 2009). They can 

fix CO2 from the atmosphere, discharge gases from industries, and soluble carbonates. In large scale 

production of algae CO2 is pumped into the ponds in the form of soluble carbonates or from industrial 

discharge gases, (Brennana & Owendea, 2009). Since microalgae can assimilate atmospheric CO2 an 

industrial area that emits excess amounts of CO2 may be enough of a source for the algae.  

Since no phosphorus is emitted to water that means that there is a need to add this to the ponds so that 

the algae have all the nutrients they need for growth. Although phosphorus is needed in relatively 

small amounts it is crucial for the productivity of the algae. Since there are metal ions in the water 

more phosphorus than what is required needs to be added because phosphate ions bond with metal 

ions which lower the amount of bioavailable phosphorus for the algae, (Brennana & Owendea, 2009). 

Calculations on the specific amount of nitrogen and phosphorus that would need to be added to the 

pond system were not made. However it is known that some sort of external source of nutrients would 

need to be added and that the ratio of nitrogen to phosphorus should be within 5:1-8:1.  

Since algal systems are able to treat human sewage there is potential that the phosphorus and nitrogen 

needed could be derived from the domestic waste on site, (Abdel-Raoufa, Al-Homaidanb, & 

Ibraheemb, 2012). Currently their sewage water goes to the Gällivare municipal sewage plant in 

Kavaheden, (Brammer, 2015). The contents of this wastewater should be evaluated for its applicability 

in the ponds. 

Another potential option for phosphorus additions may be from neighboring industries that produce it 

as a waste. About a 2.5 hour drive, 207 km away from Gällivare is the municipality of Kalix. Here 

there is a paper and wood production and processing facility that annually emit copious amounts of 
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phosphorus into natural water bodies from their operations. In 2013 the total phosphorous emitted to 

water was 10637 kg, (Swedish Environmental Protection Agency, 2013). The possibility of purchasing 

and using their wastewater should be investigated along with the other contaminates that it might 

contain. If it has certain pollutants that hinder algae growth it will not be suitable. Using their own 

sewage or nutrients from waste water from other nearby industries would lower the cost of nutrients 

for the algae production.  

Harvesting of microalgae: 

The harvesting of the algae should be as efficient as possible since it is estimated that 20-30% of the 

costs involved with algae biomass production is from harvesting, (Difusa, Mohanty, & Goud, 2015). 

Scenedesmus sp. are relatively small which limits the options for harvesting. Centrifugation can be 

used for large scale operations with more than 20 000 L, (Narasimhan, 2010). The algae settle in a 

centrifuge to be later removed. Centrifugation is a fast technique that handles large volumes and has a 

high efficiency with algae biomass recovery, (Difusa, Mohanty, & Goud, 2015). All harvesting 

methods have their pros and cons but centrifugation is the most commonly used procedure and is the 

one recommended for Aitik mine due to its efficiency, (Narasimhan, 2010).  

There are other methods of harvesting that Aitik mine could investigate depending on their budget, 

algae species used, and how large scale their algae production would be. Figure 6 below shows some 

examples of other harvesting methods for algae biomass.  

 

 

 

 

 

Figure 6 An overview of basic and advanced harvesting techniques for algae biomass, (Difusa, 

Mohanty, & Goud, 2015). 

A tested method of harvesting that has shown to produce the most algal biomass while at the same 

time using the least amount of labor is to remove 90% of the volume biomass every 8 days. This 

produced a biomass yield of 29 mg/L/day, (Narasimhan, 2010). As this was an experimental result this 

may not be the most efficient method with a mixed amount of species, or in the field.  According to 

this in a productive season at Aitik 1319987.2 kg biomass of Scenedesmus obliquus would be 

produced.  

Storing microalgae: 

Although the best cultivation and harvesting methods for Scenedesmus sp. at Aitik mine are not so 

clear the method of drying is. Freeze drying is an excellent method since oil can be easily extracted 

from the freeze dried algae. Easy oil removal is optimal for biodiesel production. Other methods of 

drying are more suitable for other purposes of end use for the algae. For example drum drying is 

suitable for the food industry but not for biodiesel production since it consumes so much energy, 

(Narasimhan, 2010).  
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Removal of metals: 

Before the process of biodiesel can commence the metals must be removed from the dried algal 

biomass. Limited data exists on this topic. Recommendations for Boliden AB would be to investigate 

this further for the specific species they chose. They can either investigate the applications of the 

following steps on freshwater algae or have a closed pond system that uses marine water algae that 

have been studied on this step.  

For brown marine algae HCl is an efficient eluent solution for Cu recovery. 96% of Cu was removed 

from the alga when using 0.1 mol/ L HCl. Two known eluent solutions are calcium chloride and 

hydrochloric acid. CaCl2 solutions has 1-14% metal recovery efficiencies whereas HCl has 95-99% 

metal recovery efficiencies for Cu in Sargassum filipendula, (Fagundes-Klen, Veit , Borba, 

Bergamasco, de Lima Vaz, & da Silva, 2010). Although this test was conducted with marine algae the 

metal recovery efficiencies for Cu are high for 0.1 mol/L HCl and this has potential applicability in 

freshwater species.  

An investigation of the biosorption of Pb from eight different brown, green, and red marine algae 

showed that three brown algae species were the most efficient at removing lead; Sargassum hystrix, S. 

natans, and Padina pavonia. The majority of metal ions were absorbed by the algae within the first 30 

minutes in the solution. To remove Pb from Sargassum hystrix a 0.1 M solution of HNO3 was added to 

the biomass for 15 minutes which resulted in a 95% metal recovery. The regeneration of the same alga 

biomass was done by adding 0.1 M CaCl2 for 15 minutes. All of the biomass was regenerated fully 

and the biomass was able to take 10 cycles of absorbing and having metals removed without damage 

or decrease in uptake capacity, (Jalalia, Ghafouriana, Asefa, Davarpanaha, & Sepehrb, 2002).  

The next step of biodiesel production assumes that these eluents work on freshwater green algae and 

that no structural damage or loss in lipid content occurs.  

Producing biodiesel: 

Algae oil is easily removed from freeze dried algae as mentioned earlier.  Biodiesel is produced from 

this oil with Ethanol and sodium ethanolate. In other words the oil has to go through transesterification 

with an alcohol to produce the biodiesel. The final products from this are biodiesel, sodium ethanolate, 

and glycerol which are then separated in a few simple steps. Ether and salt water mixed in make the 

glycerol separate out, and then a vaporizer under a high vacuum vaporizes the ether leaving biodiesel 

behind, (Narasimhan, 2010). There are other biofuels that can be produced from algae biomass, see 

Figure 7 in the appendix for more information.  

4.4 Sustainability: 

Economic incentives: 

The main metals sold by Boliden AB are Pb, Cu, Zn, Au, and Ag, (Boliden AB, 2015). There are 8 

metals that are emitted into water from Aitik mine but the most significant for economic benefits are 

Cu, Ni, Pb, and Zn. As of May 1, 2015 the price of the following metals in US $ with a cash buyer 

contract are: $2138/ ton for Pb, $6361.50/ ton for Cu, $2355/ ton for Zn, and $13755/ ton for Ni, 

(London Metal Exchange, 2015). If the amount of those four metals from the years 2007-2013 were 

recovered instead of emitted to water and sold at today’s metal prices Boliden AB could have 

potentially made $6902.86. If the mine is decommissioned in 2029 there is 14 years to recover metals 

which could be potentially $13805.72 (SEK 114505.33) in sales if relatively the same amount of 

metals is released as there were from 2007-2013. That is an approximate amount they could make in 

the next 14 years if they install algae ponds to recover future metal from their water. That is excluding 
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the potential of the other 4 metals, these however are in relatively small amounts. Metals should be 

recovered from water for environmental reasons but showing the monetary value shows that it is 

economically worth recovering as well. 

The algae production could also save remediation of soil and water investments during the 

decommissioning phase. The exact methods planned for metal removal from the sites water and soils 

are unknown. Current decommissioning plans only highlight what is to be done with the waste rock 

and how to transform the pit into a lake.  

According to 2008 efficiencies, producing Dunaliella salina in an open pond system like the one 

recommended for Aitik costs €2.55/ kg of dry biomass, (Brennana & Owendea, 2009). Today has 

higher efficiencies and it is unknown how much the cost of additional nutrients will be for Aitik but it 

could potentially cost significantly less than €2.55/ kg of dry biomass. That cost is unknown to include 

nutrients, infrastructures, paychecks, etc. If 90% of the algae biomass is harvested from the ponds 

every 8th day the biomass yield for the 4 month productive season is 1319987.2 kg. This would only 

require 14 harvests which should lower the expected costs of production since 20-30% of the cost is 

from harvesting, (Difusa, Mohanty, & Goud, 2015). The cost of producing this much biomass is 

€3365967.36, which means in order to break even the selling price of the biodiesel would be €5.1/ L 

(or SEK 66/ L). So in order for the biodiesel production to be profitable it would need to be sold at 

prices higher than SEK 66/ L.  

Therefore at 2008 efficiencies with high production costs it is not economical to produce biodiesel 

from the algae biomass. However this calculation is pessimistic since Aitik could get additional 

nutrient sources for much cheaper than commercial nutrients, from waste water. Their cultivation and 

harvesting methods would also be more efficient and advanced then those of 2008. The cost of 

producing the species selection they chose could also be cheaper than Dunaliella salina since 

Scenedesmus sp can survive low nutrient environments. Aitik would also most likely have larger scale 

algae ponds, more water volume and surface area then what was used in calculations which could 

increase the dry weight of biomass harvested. 

Environmental incentives: 

Boliden’s permit for metals discharge is a maximum of 300 kg/year so the emissions surpassed this in 

2008 at 323.81 kg and at 2011 at 354 kg, (Göransson, Benckert, Lindvall, & Ritzén, 2001). Although 

the emissions are within the permit regulations most years there are still environmental incentives for 

reclaiming the metals.  

From the years 2007-2013 the amount of ore needed to be processed in order to produce the amount of 

metals released into water bodies was 272.75 tons. Not only is this wasted labor but it is adding to 

waste accumulation without the end product being available. The listed substances that are emitted 

annually to water include heavy metals that bioaccumulate, and endocrine-disrupters. There are 2 

known endocrine-disrupting substances included in the emissions to water from Aitik mine site; Hg 

and Pb, (Swedish Environmental Protection Agency, 2013).  

From 2007-2013 the highest amount of As ever emitted was 9.3 kg in 2008, (Swedish Environmental 

Protection Agency, 2013). The maximum holding capacity of the clarification pond is 15 M (m
3
) 

which is the last stage before the mine water is released. Assuming that the pond is in full capacity 

when it releases water into the nearby rivers the highest concentration released was 0.00062 mg/L; 

which is safe for drinking water. It is however difficult to measure how that amount would accumulate 

in nature and effect ecosystems. 
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Cu is one of the metals emitted from wastewater annually into nearby rivers, (Swedish Environmental 

Protection Agency, 2013). It is consistently one of the greatest emitted substances at Aitik. Even at 

relatively low concentrations Cu ions are toxic for aquatic species, (Fagundes-Klen, Veit, Borba, 

Bergamasco, de Lima Vaz, & da Silva, 2010).  

Other concerns for the water near Aitik are heat pollution, nanoparticles, and emissions from nonpoint 

sources. The substances discussed above were all from point sources but in reality pollution enters 

waters from multiple sources. 

5 Discussion: 
Based on the site conditions of Aitik mine, applying microalgae for metal recovery and nutrient 

removal is feasible. Colder temperatures promote lipid production which would be helpful for 

biodiesel production. However prolonged cloud cover could potentially cause a decrease in the 

productivity of photosynthesis. There is only a 4 month time period where the algae could be 

cultivated but since water could be stored in the other 8 months all of the water could be treated with 

algae anyways. There is enough land space available for the pond system and the water contains no 

limiting substances for Scenedesmus sp. growth. 

Scenedemus sp. microalgae are species that meet the requirements for theoretical application at Aitik. 

However before they can be used there are a few obstacles with them that are discussed further on that 

need to be solved.  

There are existing technologies suitable here but Boliden AB should investigate these further based on 

their budget. There is not enough nutrients in the water so additions of nitrogen and phosphorous 

would be needed. These additions could potentially be bought as algae food, from their own sewage 

waste, or other industries wastewater. For mines considering producing biodiesel with the microalgae 

phosphorus should be the nutrient that is limited before harvesting for higher lipid content. Limiting 

both phosphorus and nitrogen would also stimulate lipid accumulation but phosphorus limitation is the 

most crucial. 

Money would be made from the recycling of metals extracted from the water, and costs saved from 

less remediation needed for soils later on during the decommissioning phase. However current 

inaccurate pessimistic calculations show that the biodiesel production would not be profitable at 

production efficiencies of 2008 with species that need high amounts of nutrients. Calculations for 

Scenedemus sp. and for only 14 harvests are recommended for a more accurate portrayal of the costs 

of production. It is therefore not sustainable from an economic perspective to produce biodiesel as an 

end application.  

On an environmental perspective there is still an unattractive amount of metals entering the nearby 

waterways that have bioaccumulation potential and will spread out to other ecosystems. The dam 

failure mentioned earlier started by having too much water. A system of ponds attached to or replacing 

the clarification ponds would allow water to have places to travel to in times of heavy precipitation. So 

not only would algae ponds clean the water, recycle metals, and have some sort of end use application, 

it would also prevent and/or lower the chances of accidental discharge of water into the water bodies. 

Algae are one of the cheapest relatively speaking methods of removing metals from the water. From 

an environmental perspective microalge are feasible at Aitik for solving the mentioned issues. 

Using algae for multi purposes is still a valuable idea and Boliden AB should consider it in their next 

decommissioning plan report for another mine they own. Other mines in Sweden do emit other 
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harmful substances and enough nitrogen and phosphorus that no extra nutrients would need to be 

added, (Swedish Environmental Protection Agency, 2013).  

There are other mines in Sweden located further south than Gällivare which allow for a longer 

productive season. In the Swedish pollutant release and register transfer the mineral industry with 

activities in opencast mining and quarrying produce more pollutants than Aitik mine. Carcinogenic 

substances, heavy metals, and endocrine-disrupting chemicals are just a few of the different categories 

the pollutants from Swedish mining activities fall under. In 2013 the emissions to water from all 

operations in Sweden in that category included: PAHs, PCBs, Pb, Hg, benzene, vinyl chloride, TRI, 

As, Cd, Cr, Cu, Ni, Pb, nitrogen, phosphorus, and more, (Swedish Environmental Protection Agency, 

2013). There is a need for bioremediation of wastewater from algae at many Swedish mine sites. 

Having algae biomass at these sites would lower the amounts of contaminates so as to lessen the 

impact on ecosystems when that water is released.  

There are a few obstacles to overcome if Boliden AB wants to apply this to one of their mines. These 

obstacles are rather general challenges that need to be solved before major investments are put into 

cultivating algae for biodiesel production. One of the challenges is to find a more elaborate and 

reliable species selection that balances the needs for the following: biofuel production, metal 

absorption, and absorption of other water contaminates. The species should be efficient at removing 

unwanted substances from the water and thrive in the environment. There needs to be a more specific 

design in the pond systems as to maximize the photosynthetic efficiency of the algae. The pond 

systems should be designed to minimize the introduction of foreign microorganisms that may hinder 

the algae’s productivity, minimize evaporation, and minimize CO2 diffusion losses. Before deciding 

that biodiesel production is the best end use for the algae after the metals have been removed from the 

biomass, calculations must be done to show that there is a positive energy balance. This means that the 

energy value of the final biodiesel is greater than the energy needed for the cultivation, CO2 transfer, 

harvesting, metal extractions, production etc. Finally there is a limited number of large scale algae 

cultivation plants to base data on so many of the challenges must be met for a specific case, (Brennana 

& Owendea, 2009). 

This thesis is just a launching platform for applying microalgae at Aitik mine site. There are many 

recommended investigations in order to assure the economic and environmental value in this 

application. There is potential for applicability of HCl or CaCl2 as eluent solutions for removing the 

absorbed metals from Scenedesmus species which are freshwater algae since marine and freshwater 

algae are similar in composition and biochemical processes, (Davis & Masten, 2009). However it 

should be tested to see if these eluents work as efficiently on green freshwater algae as they do on 

brown marine algae. Industries looking to recycle the metals that the algae absorb should also 

investigate the effects the eluents have on the lipid content of the biomass. The effect of cloud cover 

on photosynthesis should be investigated further to be able to conclude if it would limit the 

productivity of the algae particularly at Aitik. A risk assessment for fish comparing populations from 

before mining began, during mining, after the dam rupture, and after decommission should be 

completed with conclusive results so as to show that there is environmental incentive to recycle the 

metals rather than emit them. The amount of CO2 sequestration on site is another potential 

environmental incentive for using microalgae that should be calculated. The applications of algae 

biomass as fertilizer at Aitik is another recommendation to look into as well as the possible sources of 

additional nutrients. This may be a better end use than biodiesel production since it is costly. It is 

rather expensive with the equipment and maintenance involved in harvesting so advice for Aitik mine 

would be to investigate harvesting methods further to better determine what would be the most 

efficient and economical method for them. Studies at other mines Boliden AB owns for the 
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applicability of this system should be investigated, particularly ones closer to the Sun Belt which 

would have less restrictions on the productive season length. 

6 Conclusion: 
It is potentially feasible for Aitik to use microalgae on site to remediate their water and recycle their 

metals since the parameters of site conditions, species, technology, and sustainability are complied 

with. The recommended species should be able to live in a low-nutrient environment, absorb 

atmospheric CO2, and fixate metals and nutrients. Scenedesmus sp. are appropriate for application at 

Aitik  but as mentioned earlier the species that enter an open pond system cannot be controlled. 

Scenedesmus sp. show that the possibility of microalgae is feasible at northern latitude mine sites. The 

need for high lipid content is not relevant since it would be difficult to have efficiencies high enough 

to make biodiesel profitable. The profitability of biodiesel is still a possibility but it is recommended to 

find a different end use of the algae in order to save investment costs on infrastructure.  

The growing season would be 4 months, with 14 harvests producing a potential 1319987.2 kg of dry 

algae biomass per year. The nitrogen phosphorous ratio should be within 5:1-8:1 and these nutrients 

need to be added to the system. It is recommended to use centrifugation for harvesting and freeze 

drying for drying. The best eluent for metal desorption should be investigated but HCl has potential 

applicability. The ponds should exceed a total volume of 406400 m
3
 and a total surface area of 0.8 km

2
 

so that the algae growth is not inhibited by metal ions. There is enough land for the pond system north 

of the clarification pond. Water from the clarification pond would go to the high rate algae pond where 

metals would be removed before the water would recirculate to be used again in the mining process.  

Optimizing the usage of algae is crucial for the modern society of high demand on metals and fuels. 

This thesis can be applied not only to mines in Sweden but to a wide range of polluting industries 

around the world. Industries should investigate which algae are best suited for the weather conditions 

and pollutants they emit. Biodiesel can be a second revenue for industries and all the while their 

pollutants will be taken care of. For biodiesel to be profitable there needs to be high efficiencies and 

preferably no need of additional nutrients. These algae ponds do take up a significant amount of land 

space so they are most practical on land that is already being used by the point source pollution. 

Industries interested in applying this systems thinking to their sites should also investigate the 

possibilities of using algae early on in their development phases and/or early start up so as to earn back 

the investments of the infrastructures quickly and to limit the amount of pollution that is released in 

the meantime.  

Restoring ecosystems through sustainable practices is how society can lower their impact and secure a 

high quality of life.  
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7 Appendix: 

7.1 Other Species 

There are other species that have potential to be used in the ponds. However if this should be applied 

on site more research should be done to see the interactions between these species to ensure that they 

do not hinder each other’s productivity and their specific preferred climatic conditions. Chlorella 

vulgaris, Spirulina maxima, Nannochloropsis sp., Neochloris olealundans, Dunaliella tertiolecta, and 

Scenedesmus obliquus are known algae species that have high enough fat content to be used for 

biodiesel production. The most widely used algae genera for nutrient removal are Chlorella, 

Scenedesmus, and Spirulina. Selenastrum Capriconutum, Pediastrum Simplex, Anabaena cylinderical, 

Fragalaria crotoneis, Scenedesmus sp,  Navicula pelliculosa, Haematococcus pluvialis, Synechoccocus 

sp, Chlorophyta sp, and Purpuraemus are all species that have been cultivated together and have been 

found to successfully sequester certain metals, (Benchraka, 2014). 

7.2 Figures: 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 7 More examples of different processes and end fuel products that can be made from algae 

biomass, (Difusa, Mohanty, & Goud, 2015). 

7.2 Interview:  

The following interview was conducted over email between the interviewer Kajsa Jansson and 

interviewee Jennifer Brammer through April 24
th
, 2015- May 8

th
, 2015. Jennifer Brammer is an 

administrator at the Swedish Environmental Protection Agency for the section of environmentally 

hazardous activities, (Brammer, 2015). The questions are from the search: Norbotten län, Gällivare, 
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Mineral Industry, Opencast mining and related operations, and then substances from the Swedish 

Pollutant Release and Transfer Register.  

1. ‘The category that says Emissions to water (kg), is that referring to natural water bodies that 

do not reach the treatment plant or the amount of emissions left in the water that has been 

treated and then released into a natural water body? 

2. My second question is about the all reported emissions to waste water treatment plants (kg). 

Are these only situated on site at the Aitik mine owned by Boliden AB or can it also be 

referring to plants in Gällivare who are under extra capacity pressure from extra waste water 

from the mine?’ – Kajsa Jansson  

·     ‘     “Emissions to water (kg)” refers to emissions to recipients (or rivers, lakes etc.) from specific 

operators. The emissions are constituted of excess water from industrial processes. 

·         “All reported emissions to water (kg)” is emissions from all operators (in Sweden) that report to 

the Swedish pollutant and transfer register. The emissions are constituted of excess water from 

industrial processes. 

·         “All reported emissions to wastewater treatment plants (kg)” refers to waste water/sewage (from 

toilets etc.) which operators (in Sweden) have reported is transferred to sewage plants. 

With your specific search parameters Boliden’s mine in Aitik is included in the category “Emissions 

to water (kg)”. The emissions here refer to water which is used to process the ore, and then pumped 

with the tailings to the tailings storage facility. After that the water passes through a settling pond and 

then is released to the recipient Lina älv (and hence does not pass a sewage plant). This water also 

includes the water that is pumped from the open pit to keep it clear from water.  

Your second question concerns all reported emissions to waste water treatment plants (kg). The figure 

in your specific search is from all operators in Sweden. In the case Aitik they might have their own 

plant for sewage water, but probably their sewage water goes to the Gällivare municipal sewage plant 

in Kavaheden.’ –Jennifer Brammer  

3. ‘So for all reported emissions that comes from all Swedish operators, does that mean all that 

are involved in opencast  mining and quarrying or all industrial activities?’ –Kajsa Jansson 

‘It depends on how you formulate your search. If you for example select mineral industry  under area 

of activities and opencast mining and quarrying you will see emissions reported from all operators in 

mineral industry/open cast mining and quarrying (in Sweden) in the columns that start with “All 

reported…..” And to be clear that corresponds to all operators in mineral industry/open cast mining 

and quarrying in Sweden that on a yearly basis submit environmental reports to supply the Swedish 

pollutant transfer register with data. 

 When you search in the register you can change from substance to facility under select. Then you will 

see which specific facility/facilities your search generates.’- Jennifer Brammer 

7.3 Calculations: 

Calculations for the economic incentives, the value of the metals lost in total to water bodies 

from 2007-2013: 

Cu (copper) total kg from 7 years = 64.9 + 135.6 + 17.7 + 31.2 + 203.2 + 50.3 + 42.6  
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                                                       = 545.5 kg 

545.5 kg = 0.5455 metric tons 

Price of copper per ton = $6361.5/ ton 

Value of copper = $6361.5/ ton x 0.5455 tons 

                           = $3470.20  

Therefore the value of copper Boliden AB could have sold if they had recovered it from 2007-2013 

was $3470.20. 

Ni (nickel) total kg from 7 years = 43 + 27.4 + 8.1 + 10.33 + 26.6 + 22.5 + 17.1 

                                                     = 155.03 kg 

155.03 kg = 0.15503 metric tons 

Price of nickel per ton = $13755/ ton 

Value of nickel= $13755/ ton x 0.15503 tons 

                        = $2132.44 

Therefore the value of nickel Bolden AB could have sold if they had recovered it from 2007-2013 was 

$2132.44. 

Pb (lead) total kg from 7 years = 0.8 + 1.8 + 0.22 + 2.59 + 2.28 + 2.12 + 2.1 

                                                  = 11.91 kg 

11.91 kg = 0.01191 metric tons 

Price of lead per ton = $2138/ ton 

Value of lead = $2138/ ton x 0.01191 tons 

                      = $25.46 

Therefore the value of lead Boliden AB could have sold if they had recovered it from 2007-2013 was 

$25.46. 

Zn (zinc) total kg from 7 years = 86.7 + 143.1 + 25.6 + 35.1 + 114.8 + 71.6 + 64.4 

                                                  = 541.3 kg 

541.3 kg = 0.5413 metric tons 

Price of zinc per ton = $2355/ ton 

Value of zinc = $2355/ ton x 0.5413 tons 

                      = $1274.76 

Therefore the value of zinc Boliden AB could have sold if they had recovered it from 2007-2013 was 

$1274.76.  

$3470.20 + $2132.44 + $25.46 + $1274.76 = $6902.86 
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Therefore the total amount of money Boliden AB could have made from 2007-2013 from recovering 

and selling Cu, Ni, Pb, and Zn from their wastewater that was emitted to natural water was $6902.86.  

Calculations on how much tailings were produced for the amount of metals not recovered: 

1 ton of ore = 2 kg Cu 

Over 7 years 545.5 kg of Cu was emitted.  

(545.5 kg x 1 ton)/2 kg = 272.75 tons  

272.75 tons of waste was produced to make the amount of metals lost over 7 years to water. 

Calculations for safe arsenic levels: 

Highest concentration allowed for drinking water for arsenic = 10 mg/L 

Highest arsenic emission = 9.3 kg (in 2008) 

Maximum volume of clarification pond = 15 Mm
3
 

Concentration of arsenic = 9.3 kg/15 Mm
3
 

                                        = 6.2 × 10-7 kg / m
3
 

                                        = 6.2 x 10-4 mg/L (or 0.00062 mg/L) 

Therefore the highest amount of arsenic in the pond at any given time is not greater than the drinking 

water limit.  

Calculations for the algae ponds: 

The calculations for the size of the algae ponds were done with the assumption that the metal 

concentrations in the clarification pond is never greater than concentrations when there is full capacity 

of water with the largest amount of metals that were ever recorded to be emitted to the rivers. 

Calculations also assume that the shapes of the ponds are rectangular, or square for simplicity in the 

calculations. In reality the algae pond systems shapes would be determined based on optimizing 

sunlight and avoiding existing infrastructures and rivers.  

The maximum holding capacity of the clarification pond = 15 000 000 m
3
 

The table 3 shows the most emissions of 4 metals that at certain concentrations limit the growth of 

Scenedesmus obliquus.  

Table 3 Metal limitations and highest emission years 

Substance  Year of highest 

emission 

Highest 

emission (kg) 

Highest emission 

(mg) 

Concentration that 

limits growth 

(mg/L) 

Cu 2011 203.2 203200000 0.5 

Cd 2008 1.4 1400000 0.5 

Ni 2007 43 43000000 2 

Zn 2008 143.1 143100000 2 

Pb 2010 2.59 2590000 30 

 

The highest concentration of Cu in the clarification pond = 203.2 kg/15 Mm
3
  

                                                                                            = 1.35466667 × 10-5 kg / m
3
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                                                                                            = 0.0135466667 mg/L 

The highest concentration of Cd in the clarification pond= 1.4 kg/15 Mm
3
 

                                                                                           = 9.33333333 × 10-8 kg / m
3
 

                                                                                           =0.000093 mg/L 

The highest concentration of Ni in the clarification pond = 43 kg/15 Mm
3
 

                                                                                           = 2.86666667 × 10-6 kg / m
3
 

                                                                                           = 0.0028667 mg/L 

The highest concentration of Zn in the clarification pond = 143.1 kg/15 Mm
3
 

                                                                                            = 9.54 × 10-6 kg / m3 

                                                                                            = 0.00954 mg/L             

The highest concentration of Pb in the clarification pond = 2.59 kg/15 Mm
3
 

                                                                                            = 1.72666667 × 10-7 kg / m
3
 

                                                                                            = 0.000172666 mg/L 

Therefore assuming that the highest concentrations of metals occur in the year that the highest amount 

of emissions were released and that the amount released annually could at any one point in time be the 

total amount of metal in a day no concentrations were at the level to limit the growth of Scenedesmus 

obliquus.  

The calculations for the minimum size of the ponds in total was determined by assuming that the 

highest amount of metals emitted annually could at any point be emitted in one day and be transferred 

from the clarification pond to the algae ponds. The minimum size required should allow the metals 

concentrations to be less than the restricting values for Scenedemus obliquus.  

Minimum amount of water required for Cu = (203200000 mg x 1 L)/ 0.5 mg 

                                                                      = 406400000 L (or 406400 m
3
) 

Minimum amount of water required for Cd = (1400000 mg x1 L)/ 0.5 mg 

                                                                     = 2800000 L (or 2800 m
3
) 

Minimum amount of water required for Ni = (43000000 mg x1 L)/ 2 mg 

                                                                     =21500000 L (or 21500 m
3
) 

Minimum amount of water required for Zn = (143100000 mg x1 L)/2 mg 

                                                                      = 71550000 L (or 71550 m
3
) 

Minimum amount of water required for Pb = (2590000 mg x 1 L) /30 mg 

                                                                     = 86333.33333 L (or approximately 86 m
3
) 

Therefore Cu concentrations are the most restricting for the size requirement of the algae ponds. The 

minimum volume represents the amount of water that the ponds should stay above. 

The total surface area of the algae ponds = Volume/depth 
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                                                                  = 406400 m
3
/0.5 m 

                                                                  = 812800 m
2
 (or 0.8128 km

2
) 

Therefore the total surface area of all of algae ponds needs to exceed 0.8128km
2
.  

Calculations for biodiesel production: 

Recommended harvesting amount = 90% (every 8
th
 day) 

Biomass yield = 29 mg/L/day 

Minimum volume of algae ponds = 406400000 L 

Biomass harvest every 8
th
 day = 29 mg x 406400000 L x 8 days 

                                                 = 94 284 800 000 mg (or 94284.8 kg) 

The following calculations are on cost of production and cost of selling the biodiesel and are based on 

the following assumptions: the smallest size algae ponds required, the mass harvested is the same as 

the dry biomass, 50% of the dry weight is lipids, the conversion to biodiesel losses no side products. In 

reality the efficiencies of conversion may be lower and there will be loss in side products. 

Productive season = 4 months 

                              = 4 months x 4 weeks/month x 7days/week 

                              = 112 days 

112 days / harvest every 8
th
 day = 14 harvests  

Only 14 harvests would lower the cost of production.  

14 harvests x 94284.8 kg algae biomass/harvest = 1319987.2 kg harvested in productive season 

1319987.2 kg x 0.5 = 659993.6 Lipids 

(1 L of pure water at 4˚C =1 kg, lipids were assumed to be the same for calculations) 

Cost of producing algae biomass in one season = €2.55 x 1319987.2 kg  

                                                                            = €3365967.36 

In order to break even the selling price of the biodiesel = €3365967.36/ 659993.6 L  

                                                                                        = €5.1 / L (or SEK 66/ L) 


