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ABSTRACT 

The Swedish mining and minerals sector is one of the most prominent greenhouse gas 

emitters in the country. At the same time, it also provides Sweden and other nations with 

vast amounts of important metals and minerals, which are not easily replaced. However, 

in light of the increasing urgency to reduce global greenhouse gas concentrations, it is 

imperative that the combustion of fossil fuels is decreased. This quantitative case study 

uses a document review and interviews to investigate the prerequisites and technical 

potential for decarbonising the Dannemora iron ore mine in eastern Sweden. Furthermore, 

a comparative life cycle inventory based on methods from the Greenhouse Gas Protocol 

is performed in order to calculate potential savings of both energy and greenhouse gases 

from exchanging conventional underground mining equipment with more sustainable 

alternatives. Results show that emissions from underground activities in the Dannemora 

mine could potentially be reduced by up to 90 %, and energy consumption by up to 64 %. 

It was however also shown that no viable emission-free explosives currently exist that 

could safely replace conventional alternatives. Further research needs to be conducted in 

order to investigate the effects of Scope 3 emissions from the production of battery electric 

mining vehicles, as this would have an effect on overall GHG and energy savings.  

 

Keywords: Sustainable Energy Transition, Decarbonisation, Electrification, LCI, 

Mining, Iron ore, Dannemora.    
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NOMENCLATURE 

 

BEV Battery electric vehicle 

CCS Carbon capture and storage 

CCU Carbon capture and usage 

CO2e Carbon dioxide equivalents 

Drift Transport and/or development tunnel 

GHG Greenhouse gas / gases  

ICE Internal combustion engine 

LCA Life cycle assessment  

LCI Life cycle inventory 

LPG Liquified petroleum gas 

ND No data  

Rig Specialised mining vehicle to fit specific purpose 
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1. INTRODUCTION  

Human civilisation and natural ecosystems all around the globe now face the indisputable 

threat of anthropogenic climate change. Through the adoption of the Paris Agreement at 

COP21 in 2015, and the more recent Glasgow Climate Pact at COP26 in 2021, it has been 

recognised on a global scale that a fundamental change in the production and consumption 

of energy is crucial. There it was also agreed that greenhouse gases (GHG) in the 

atmosphere that derive from human activities and ultimately drive climate change need to 

be decreased (UNFCCC, 2015; 2021). One of the most prominent GHG emitters is the 

industrial sector, globally emitting approximately 20 % of global emissions (IPCC, 2021).  

In Sweden, almost one third of total GHG emissions are emitted by the industrial sector 

(Statistiska Centralbyrån, 2022), and many subsectors face challenging technological 

transitions if they are to reach the national goal of carbon neutrality by 2045 (Anon., 2022). 

For instance, the Swedish mining and minerals industry generates approximately 8 % of 

Swedish GHG emissions (Svemin, 2022). Especially haulage1, heating and ventilation, as 

well as certain processes such as comminution2 and beneficiation3 cycles cause high levels 

of energy and fuel use (Kalantari, Sasmito and Ghoreishi-Madiseh, 2021). As opposed to 

large scale, standardised technological systems found in for instance the automotive 

industry, mines are reliant on specialised vehicles, machines and technologies. Niche 

operations such as these could thus be subject to slower and more expensive development 

of more sustainable alternatives to the technology they need for their operations. This 

could jeopardise the progression towards climate neutrality by 2045. However, the iron 

ore mine in Dannemora, Sweden, may become the first CO2-free iron ore mine by 2025, 

if practically possible (Grängesberg Exploration Holding AB, 2022), which is why it was 

used as a case in this study.  

 

 
1 Bringing ore to the surface using trucks. 
2 The reduction of solid materials from one particle size to a smaller particle size. 
3 A process that improves the economic value of ore by removing commercially worthless material 

(Kalantari, Sasmito and Ghoreishi-Madiseh, 2021). 
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1.1 Background 

Below follows a section of necessary background information related to the Dannemora 

iron ore mine, mining methods and previous research on clean energy use and 

decarbonisation within energy-intensive industries.  

 

1.1.1 History of the Dannemora mine 

The Dannemora iron ore mine is situated in the south-eastern part of Sweden, about 100 

km north of Stockholm. With an annual crude ore production of just below 3 million 

tonnes in 2014 (Lindholm, Rauséus and Alm, 2015), the mine is relatively small compared 

to for instance the Kiruna mine in northern Sweden, which currently produces around 26.9 

million tonnes (LKAB, 2017). 

The first documented mining operations in Dannemora date back to as far as 1481, 

though there are indications for mining happening in the 13th century as well (Dannemora 

Mineral AB, n.d.). These were open-pit mining operations only. In the early 1500s, the 

operations were majorly developed, but the mining method of choice was still fire-setting 

up until 1720 (Eriksson, 1991). This traditional method entails the setting of fires against 

rock to heat it up and later douse it with liquid. This causes the stone to fracture due to the 

immediate thermal shock (Willies and Weisgerber, 2000). The method used 5 m3 of wood 

per tonne ore and a lot of time, leading to an annual production of little more than 15 000 

tonnes of crude iron ore which were brought up to the surface using horses. This method 

was replaced by explosives in 1728, bringing up production levels to about 20 000 tonnes. 

In 1806, a 10-horsepower machine driven by steam was purchased for dewatering the 

mine and transporting ore to the surface (Eriksson, 1991). In 1870s, underground mining 

was first introduced in Dannemora, bringing up production to over 50 000 tonnes by the 

end of the century. In 1916, dynamite was introduced which made the mining operations 

even easier. The post-war period and a strike in 1928 put a halt to production for five 

years, but the formation of a new mining company in 1937 and an increase in demand 

gave the mine a boost. Between 1937 and 1960, the annual production increased to around 

200 000 tonnes. New machines, upgrades to the sorting plant and increased general 

efficiency during the 1960s-1990s brought up production levels during those years to 
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slightly above 1 million tonnes (Eriksson, 1991). The mine was closed in 1992, but was 

reopened by a new owner in 2008 due to the high market price for iron ore at the time. 

However, only a few years later in 2015, plummeting market prices forced the company 

into bankruptcy (Dannemora Mineral AB, n.d.). In 2020, the mine was acquired by a new 

owner, Grängesberg Exploration Holding AB, also called GRANGEX, who plan to reopen 

the mine by 2025.  

 

1.1.2 Mining methods at Dannemora 

Here follows an account of how the iron ore was extracted from the Dannemora mine in 

2014, which was the last year during which the mine was fully operational. It should be 

noted that the hoisting4 method is changed completely for the future scenario presented in 

the results of this study due to the expected improvement in energy efficiency and 

decreased emissions. A three-dimensional schematic of the mine, including its ore bodies 

and access points is presented in Appendix A.  

The ore bodies in Dannemora are accessed through the use of the main ramp, going 

from the surface down to 460 meters with a width of 8 meters and a hight of 6 meters, and 

a slope of approximately 7° (Dannemora Iron AB, 2022). Another point of access to the 

mine is a secondary ramp and through the central-shaft stairs. Further transport tunnels 

called drifts were built in order for the miners to reach the ore and other important areas 

in the mine. If necessary, these drifts were reinforced using bolts, steel mesh and sprayed 

concrete. Specialised vehicles, or rigs, are used to perform each individual type of 

reinforcement. Pick-up trucks are used for personal transportation (Dannemora Iron AB, 

2022).  

The mining method of choice in Dannemora is sublevel stoping with backfill5 

(Figure 1), where multiple holes are drilled upwards into the ore body in fan-shaped 

patterns by automated rigs (Dannemora Iron AB, 2022). Multiple rows of these holes are 

 
4 Transporting material from underground to the surface. 
5 Refilling the empty space underground with unwanted by-product (rock). 
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then filled with explosives of a creamy texture called Emulsion, as well cartridges and 

initiators. Blasting is performed remotely.  

 

 

After ventilating away the blast fumes, the ore is removed from the site with 

underground loaders and transported to the surface using trucks and dumpers, where it is 

crushed, sorted and processed. Machines called scaling rigs are used to remove any semi-

detached rock after the blast (Dannemora Iron AB, 2022). 

In 2014, large ventilation systems operating on a daily basis made sure that diesel 

exhausts, blast fumes and other gases were ventilated out of the mine, and ensured good 

air quality for the miners. An air heating system ensured that the build-up of ice in 

ventilation shafts was kept to a minimum, lest large pieces of ice would fall down the shaft 

and damage equipment or even harm staff. More than 50 pumps were deployed in order 

to remove any water that would otherwise flood the mine over time, as well as excess 

drilling water.  

 

1.2 Previous Academic Literature  

Numerous recent studies exist in the literature of clean energy use and decarbonisation of 

energy intensive industries such as mining. For instance, Kalantari, Sasmito and 

Figure 1: Visual description of Sublevel stoping.  Picture source: (Forster, et al., 2014) 
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Ghoreishi-Madiseh (2021) conducted a techno-economical evaluation to identify optimal 

renewable energy systems for different types of mining methods. Results of this study 

show that battery electric vehicles (BEV) could be viable alternatives for underground 

mines, partly due to decreased costs for ventilation and intake air heating. This is 

contrasting the high levels of ventilation needed in conventional mines due to the exhausts 

coming from diesel trucks, loaders and rigs (Kalantari, Sasmito and Ghoreishi-Madiseh, 

2021). Nurdiawati and Urban (2021) analysed possible technological trajectories and key 

policies for the decarbonisation of Swedish energy-intensive industries. Results show that 

the transition towards more sustainable fuels, electrification and CCS/CCU are technically 

feasible decarbonisation pathways for mines. However, for this to be possible, financial 

and political support needs to be present (Nurdiawati and Urban, 2021). Gan and Griffin 

(2018) performed a life cycle assessment (LCA) for mining and the processing of iron ore 

in China. This was used to estimate GHG emissions deriving from the industry. Results 

from this study show that especially agglomeration6 and ore processing contribute to total 

life cycle emissions of 210 to 380 kg of CO2e per tonne of iron ore. Rehfeldt, et al. (2020) 

have reviewed the technical potential of using biomass and electricity with currently 

available technology in major industries. It was found that available options technically 

enable these industries to reach GHG reduction levels in line with 1.5°C global warming 

scenarios until 2030, but that these options often lack competitiveness from an economic 

perspective. As the outlook of previous literature reveals, there seems to be a growing 

interest in the scientific literature of industrial decarbonisation, not least in the mining 

arena. Consequently, the level of knowledge and experience around decarbonisation and 

energy saving measures seems to be growing as well. Additionally, incentives such as 

increasing fuel prices, stronger emissions regulations, more elaborate emissions trading 

systems as well as customer demands could be a motivation for the mining industry to 

become more sustainable in terms of GHG emissions and energy consumption. There does 

however, to the best of the author’s knowledge, not exist much or even any literature that 

 
6 Creating particles that are more uniform in both shape and size (Gan and Griffin, 2018). 
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specifically targets the technical prerequisites and potential for the decarbonisation of an 

iron ore mine.  

 

1.3 Aim and Scope 
In accordance with the above, the aim of this study is twofold: Firstly, to assess the 

technical prerequisites and potential for completely decarbonising an iron ore mine by 

2025. And secondly, to find out how much the GHG emissions could be reduced if an iron 

ore mine would adopt emission-free technologies, and how this would affect the amount 

of energy being used. In this regard, the main objectives of this paper are also twofold: 

Firstly, to perform a document review as well as interviews with industry experts in order 

to identify available technologies that would enable the decarbonisation of an iron ore 

mine. Secondly, to perform a comparative Life Cycle Inventory (LCI) in which the GHG 

emissions from two different technological scenarios are compared in order to calculate 

the amount of GHG that could be saved by decarbonising an iron ore mine, and to assess 

the difference in energy consumption.  

The iron ore mine in Dannemora, which as previously mentioned is due to be 

reopened by 2025, will be used as a case since the owner intends to operate without 

emitting CO2 to the greatest possible extent (Grängesberg Exploration Holding AB, 2022). 

Thus, this study will respond to the following two research questions: 

 

1. What are the prerequisites and technical potential for completely decarbonising the 

Dannemora iron ore mine by 2025? 
 

2. How much can the greenhouse gas emissions emitted by the Dannemora mine be 

reduced by replacing conventional technologies with carbon-neutral alternatives, and how 

would this affect the energy consumption of the mine? 

 

By responding to these questions, this study provides valuable insights into how the 

mining industry can transition towards more sustainable practices, and sheds light on the 

magnitude of climate-related benefits and challenges that could result from such a 
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transition. In light of recent major events in the industry, such as shocks in fuel prices, 

stronger emission regulations and increased interest in the production of green steel 

(Muslemani et al., 2021), results from this study could be inspiring for mining companies 

in Sweden and elsewhere. In doing so, this study can provide another stepping stone for 

one of Sweden’s major producers of GHG emissions, the mining and minerals industry, 

to properly join the energy transition so that the production of materials that are vital to 

our infrastructure and economy can be done sustainably. 

It should be noted that this study is delimited to only considering emissions that 

the Greenhouse Gas Protocol Team (2015) defines as Scope 1 (direct emissions) and 

Scope 2 (emissions from the consumption of purchased electricity, heat, or steam). This 

means that only direct emissions from mining vehicles and machines, as well as emissions 

from the national production of the electricity used in the mine are considered. However, 

Scope 3 emissions, which are other indirect emissions that derive from e.g., the extraction 

and production of purchased materials (Greenhouse Gas Protocol Team, 2015) were not 

included. Emissions from the use of engine oil also falls under the delimitation of not 

including Scope 3 emissions. Another delimitation is that the LCI only considers 

underground activities, with the exception of vehicles transporting iron ore from 

underground to the sorting plant on the surface. This is because the main processes and 

equipment above ground, such as the sorting plant, are already powered by electricity, 

whereas most of the GHG emissions deriving from fossil fuel use are found underground. 

The delimitations were necessary due to the rather limited period of time given to complete 

this study, for which the magnitude of data and research necessary to determine Scope 3 

emissions for example would be unmanageable. Furthermore, emissions from the staff’s 

waste and respiration were also excluded from the calculations, as this study focuses on 

the possibility to replace carbon intensive technology. Lastly, the economic aspects of the 

equipment presented in this study are not included.  

The boundary of the study can be seen in Figure 2. This figure shows the inputs 

that are included in this study and the various underground activities for which these inputs 

are used. Lastly, it also shows outputs in the form of both Scope 1 and Scope 2 emissions. 
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Of course, there can be other inputs and outputs, such as iron ore for example. These were 

however not included due to delimitations or the lack of relevance to this study. 

2. THEORY 

2.1 GHG Emission Accounting 

In order to quantify the amount of GHG emitted by the mining methods described in 

section 1.1.2, and to produce consistent results of a quality as high as possible, the author 

has reviewed standards for calculating emissions. Two major standards used for emissions 

accounting are presented below.  

The Greenhouse Gas Protocol is a global corporate standard for the calculation of 

GHG emissions developed by the World Resources Institute and the World Business 

Council for Sustainable Development. Through this standard, organisations receive 

Figure 2: Boundary of this study. 
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guidance on for instance inventory boundaries, GHG accounting and emission sourcing 

(GHG Protocol Initiative Team, 2015). The protocol was first published in 2001 

(Greenhouse Gas Protocol, 2022), and offers regularly updated and peer reviewed 

calculation tools in the form of Excel-documents which can either be used directly or taken 

as templates or inspiration that can be modified to fit a specific purpose (GHG Protocol 

Initiative Team, 2015). For this study, the free-of-charge tools were used as templates so 

that equipment or emission factors specific to Dannemora and Sweden could be added to 

the tool, making tailored calculations possible.  

The GHG Protocol Initiative Team (2015) has divided the identification and 

calculation of GHG into five steps which can be seen in Figure 3. Each of these steps are 

applied and described in greater detail in section 3. Methodology & Methods. However, 

as this study only considers the emissions from one facility, the fifth step concerning roll-

up of data to the corporate level was not used.  

 

 

Another standard was designed by the International Organization for Standardization, 

ISO, in 2006. The standard, called ISO 14064, is an international standard for 

quantification, validation and verification of GHG emissions and removals. This was done 

as a response to the increasing interest in addressing issues of the environment and climate 

Figure 3: The five steps of identifying and calculating GHG emissions. (GHG Initiative Team, 2015) 
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change (ISO, 2018). Unfortunately, as this standard is only available for purchase, it was 

not possible for the author to make use of its tools and information. 

 

2.2 Equations 

According to the GHG Protocol Initiative Team (2015), the most common way to calculate 

GHG emissions is through documented emission factors. These are applied to the 

quantities of inputs used by each set of equipment. For this study, one set of calculations 

was done using actual consumption data and estimates from the production year of 2014, 

and another set using expected data for the decarbonised mine in 2025.  

The rather simple calculations listed in Table 1 were based on the approach 

presented in the Greenhouse Gas Protocol tools (Greenhouse Gas Protocol, n.d.). Equation 

1 calculates the total amount of input 𝐶𝑡 consumed by one set of equipment based on 

hourly consumption 𝐶ℎ and total annual time of usage 𝑇𝑡. An example of this would be 

the total consumption of diesel by 8 pickup trucks in 2014. Equation 2 calculates the 

annual usage hours 𝑇𝑡 for one set of equipment based on quantity 𝑛, daily hours 𝑇𝑑 and 

total days used per year 𝑑. Equation 3 calculates the annual usage hours for the secondary 

pumps 𝑇𝑡𝑃. As not all pumps were used at the same time, the total quantity was halved in 

order to get more accurate results. Equation 4 calculates total energy consumption 𝐸𝑥 of 

each input x by multiplying the total amount of input used 𝐴𝑥 with the respective energy 

conversion factor 𝑓𝑥. Equation 5 calculates total emissions 𝑒𝑥 from the use of each input 

x by multiplying 𝐸𝑥 with the respective emission factor 𝐹𝑥. Since use of explosives is 

calculated in kg, its emissions X are calculated using Equation 6, in which the amount of 

explosives in kg is multiplied with the corresponding emission factor 𝐹𝑥.  
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Table 1: Equations used to calculate GHG emissions and energy use. 

Equations Definitions Units 

𝐶𝑡 = 𝑇𝑡𝐶ℎ (1) 

𝑇𝑡 = 𝑛𝑇𝑑𝑑 (2) 

𝑇𝑡𝑃 =
𝑛

2
𝑇𝑑𝑑 (3) 

𝐸𝑥 = 𝐴𝑥𝑓𝑥  (4) 

𝑒𝑥 = 𝐸𝑥𝐹𝑥 (5) 

𝑋 = 𝐴𝑥𝐹𝑥     (6) 

𝐴𝑥 = 𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑥 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 kWh, kg, l 

𝐶ℎ = 𝐻𝑜𝑢𝑟𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 kWh, l 

𝐶𝑡 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 kWh, l 

𝐸𝑥 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑖𝑛𝑝𝑢𝑡 𝑥 MJ 

𝐹𝑥 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑖𝑛𝑝𝑢𝑡 𝑥 - 

𝑇𝑑 = 𝐷𝑎𝑖𝑙𝑦 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 h 

𝑇𝑡 = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 h 

𝑇𝑡𝑃 = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 (𝐹𝑜𝑟 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑝𝑢𝑚𝑝𝑠) h 

𝑋 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑒𝑥𝑝𝑙𝑜𝑠𝑖𝑣𝑒𝑠 kgCO2e 

𝑒𝑥 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑢𝑠𝑒 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑥 kgCO2e 

𝑓𝑥 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑖𝑛𝑝𝑢𝑡 𝑥 - 

𝑑 = 𝐷𝑎𝑦𝑠 𝑖𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟  Days 

𝑛 = 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 - 

𝑥 = 𝐴𝑛𝑦 𝑖𝑛𝑝𝑢𝑡 (𝐷𝑖𝑒𝑠𝑒𝑙, 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦, 𝐸𝑥𝑝𝑙𝑜𝑠𝑖𝑣𝑒𝑠, 𝐿𝑃𝐺) - 

 

 

3. METHODOLOGY & METHODS 

This study uses a rather post-positivistic perspective, gathering and producing empirical 

data in order to develop true and relevant statements that describe the casual relationships 

that the author considers interesting to the research (Creswell and Creswell, 2018). The 

quantitative case study was chosen as a method since statistical analysis, correlation as 

well as quantification of secondary data is preferably done using quantitative methods 

(Sovacool, Axsen and Sorrell, 2018). Of course, the use of a case study per se is often 

preferred in qualitative studies (Sovacool, Axsen and Sorrell, 2018), but was used in this 

study for its possibility of providing detailed data and setting a concrete example of what 
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decarbonisation in the mining industry could look like outside the theoretical realm. The 

procedures from this case study are divided into the three main stages described in the 

following subsections. 

 

3.1 LCI 

The first stage of the study was to perform an LCI of all underground activities in 2014. 

The International Standards Organisation, ISO, defines LCI as the “phase of life cycle 

assessment involving the compilation and quantification of inputs and outputs for a 

product throughout its life cycle” (ISO, 2006). For this study, this means to apply step one 

in Figure 3 and identify as well as categorise GHG sources within the study’s boundaries. 

In other words, it means to compile inputs such as explosives, diesel and electricity, and 

equipment such as loaders, pickup trucks and rigs. The information for this stage was 

mainly provided by Dannemora Iron AB through internal documents, but also by the 

manufacturers of the equipment that was used in 2014. The equipment was categorised in 

terms of Name, Task, Type (Mobile, Stationary or Explosives) and Input type (Diesel, 

Hybrid, Electricity, LPG or Explosives) and compiled in an Excel-spreadsheet.  

 

3.2 Document review 

The second stage was conducted as a document review in which both peer-reviewed and 

grey literature as well as internal documents were used in order to search for suitable 

technology that can replace emission-intensive inputs and equipment with sustainable 

alternatives. For each piece of equipment used in 2014, a less carbon-intensive alternative 

with equivalent abilities was searched for. This information was found using both 

scientific and general databases, such as the Uppsala University Library database, Google 

Scholar and Google. Relevant industry experts who could provide information about 

current and future products were also consulted. This was done through interviews over 

the phone or through E-mails. The findings of this review were then categorised in the 

same way as was used in the LCI during the first stage, so that the GHG emissions and 

energy consumption from both alternatives could be calculated and compared in the third 

stage. 
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3.3 GHG Emissions and Energy Accounting 

During the third stage, calculations of GHG emissions (also called outputs) and energy 

consumption were made for all inputs and equipment present at the Dannemora mine 

during 2014 and the decarbonised scenario in 2025 based on the findings from the second 

stage.  

In order to calculate the total number of hours 𝑇𝑡 for each piece of equipment, 

experts and documentation from Dannemora Iron AB were consulted. It was assumed that 

a full year of operation equals 350 days, except for the ventilation, dehumidifier and heater 

which were running around the clock, 365 days per year. Daily use hours 𝑇𝑑 were ranging 

from 4 to 24 hours depending on the equipment (Dannemora Iron AB, 2022). An estimate 

of hourly input consumption was provided by Dannemora Iron AB or the manufacturer of 

the equipment in question. In Figure 4 below follows a concrete example of how total 

hours and input consumption was calculated for the Volvo FH16 Trucks. 

   

𝑇𝑡 = 𝑛𝑇𝑑𝑑            (2) 𝐶𝑡 = 𝑇𝑡𝐶ℎ             (3) 

𝑛 = 12 𝑇𝑑 = 20 ℎ 𝑑 = 350 𝑑𝑎𝑦𝑠 𝑇𝑡 = 84 000 ℎ 𝐶ℎ = 23 𝑙/ℎ 

𝑇𝑡 = 12 ∗ 20 ∗ 350 = 84 000 ℎ 𝐶𝑡 = 84 000 ∗ 23 = 1 932 000 𝑙 

  

Figure 4: Example of how total hours and input consumption was calculated. 

 

This method was iterated for each set of equipment. Detailed data on quantity 𝑛, daily 

hours per unit of equipment 𝑇𝑑, days in operation per year 𝑑, total hours 𝑇𝑡, total 

consumption of equipment 𝐶𝑡, as well as input type and the source of information and data 

for all equipment can be found in Appendix B and C.  After collecting data for all of the 

equipment, the results were summarised in order to calculate total emissions 𝑒𝑥 with 

Equation 5 and total energy use 𝐸𝑥 with Equation 4. The emission factors used for 
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Equation 5 are shown in Table 2. Note that since the mine is situated in Sweden, the 

emission factor for Swedish electricity is used, which is significantly lower than for other 

some other nations (Ritchie, Roser and Rosado, 2020). 

 

Table 2: Emission factors 𝐹𝑥. 

Input type 𝑭𝒙 Source 

Diesel 75.7 gCO2e/MJ (Swedish Energy Agency, 2019) 

LPG 65.2 gCO2e/MJ (Kosan Gas, n.d.) 

Electricity 13.1 gCO2e/MJ (Swedish Energy Agency, 2019) 

Explosives 130 gCO2e/kg (Dannemora Iron AB, 2022) 

 

For the estimations for how many units (n) of each set of equipment are needed in the 

2025 system, experts from Dannemora Iron AB were consulted. The numbers were based 

on for instance process simulations in which the quantity for different types of equipment 

was optimised so that the amount of extracted iron ore that is being planned for can be 

achieved in the most efficient way (Dannemora Iron AB, 2022). Furthermore, much of the 

2025 equipment found in this study are electrified conversions of their combustion-engine 

counterparts, enabling more or less direct comparison and replacement. It should be noted 

that the amount of iron ore extracted in the two scenarios 2014 and 2025 is assumed to be 

the same – approximately 3 million tonnes. 

 

3.4 Implications of Methods 

The choice of using a standard such as the Greenhouse Gas Protocol was motivated by its 

possibility of making the process of gathering and analysing data more organised and 

systematic. As the ISO 14064 standard was not available for free, it was not possible to 

compare the two standard’s suitability for this work. However, as both standards are 

intended for the same application, it was not believed that there would be any major 

differences in the final results of this research. Businesses may however find greater 

differences in the standards’ validity of earning tradable Verified Emission Reduction 
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(VER) credits, and should perhaps consider this in their choice of standards (Marchi, et 

al., 2016).  

Furthermore, it was believed that breaking down the total emissions of the 

Dannemora mine into detailed sets of equipment would enable the identification of GHG 

and energy hotspots within the production line. This could become beneficial both for 

academic purposes and so that Dannemora Iron AB can focus on said hotspots in order to 

efficiently reduce their CO2 footprint.  

The author recognises the fact that turning this research into a case study may 

compromise the extent to which technical equipment available today can be included. 

There are most likely many more emission-free options of machines and other equipment 

on the market that have not been included in this study. To perform a more extensive 

review of this technology may therefore be necessary in order to map the technological 

potential of decarbonising the mining industry as a whole. Further discussion on the 

limitations of the chosen methods is held in section 5. Discussion.  

 

3.5 Ethical Considerations 

It should be noted that the delimitations of this study, the limited amount of exact 

consumption data, as well as certain confidentiality on some data may have an effect on 

the results of the study. Some assumptions had to be made about fuel consumption of 

various mining vehicles, as these can be very different depending on use patterns and the 

environment in which these vehicles operate. It should also be noted that a large part of 

the mine’s electricity consumption, which is found in the sorting plant, fell under the 

delimitations of this study. Of course, this was done since a future sorting plant would 

most likely also be driven by electricity and thus not affect the end result. This does 

however mean that not the entire production line is included in this study.  

The data that was used for this study was handled with respect and permission was 

asked before any publication was made due to possible confidentiality around some of the 

data provided by Dannemora Iron AB. It should also be noted that the equipment that was 

chosen to be part of the future scenario is not necessarily what Dannemora Iron AB will 

be using, but only provides an example of the technical possibilities of decarbonising an 
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iron ore mine. For reasons of privacy, the names of the people from Dannemora Iron AB 

or other organisations who aided this research with information are not mentioned in 

references or anywhere else in this document. 

 

 4. RESULTS 

The results from this study are presented in the following three subsections. The first 

subsection presents an inventory of all major equipment used for underground mining 

purposes in the Dannemora iron ore mine during 2014. The second subsection presents 

the equipment that could potentially replace conventional equipment in order to save GHG 

emissions, thus responding to research question 1. It also presents the expected energy use 

and GHG emissions from using this equipment. The third subsection summarises the 

differences in energy use and GHG emissions between the two sets of equipment, 

essentially responding to research question 2. In some cases it was not possible to find 

adequate data, in which case this is indicated by ND (No data) in the table.  

 

4.1 LCI and Calculations 2014 

The equipment has been divided into four categories (Tables 3-6) depending on the input 

type on which each piece of equipment is running, i.e. diesel, hybrid, electricity, liquified 

petroleum gas (LPG) or explosives. The tables also include quantities of each piece of 

equipment, its main task, whether its mobile, stationary or an explosive, the estimated 

number of hours it was used per year, as well as an estimation of input consumption. The 

total consumption of each input, as well as total energy use and GHG emissions during 

2014 is presented in Table 7. 

 

In the Dannemora iron ore mine, all of the major equipment that is running purely on 

diesel is represented by mobile vehicles (See Table 3). Most of these vehicles are large 

trucks and dumpers used for haulage of iron ore from underground to the plant on the 

surface. Another major group of vehicles are the loaders, responsible for loading ore into 

trucks or carrying equipment. The third-largest fleet of vehicles are the pickup trucks used 
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for personal transport to different locations in the mine. However, due to high fuel 

consumption and the large number of hours per vehicle, the 12 trucks used for haulage are 

by far the dominant consumers of fuel in this category, and are responsible for 

approximately 43 % of total GHG emissions from underground activities in Dannemora. 

Note that the Concrete Truck was not included in this calculation due to lack of data. 

 

Table 3: Diesel equipment used in 2014. 

Equipment Name Quantity Task Type Total Hours Diesel (L) 

Concrete Truck ND ND Concrete Mobile ND ND 

Dumper A30G 2 Ore/Waste Mobile 14 000  329 000  

Loader 1 Sandvik LH517i 6 Ore Mobile 16 480  494 400  

Loader 2 Volvo L90 2 Service Mobile 3 500  87 500 

Loader 3 CAT 980 1 Plant Mobile 7 000  280 000 

Loader 4 CAT 990 1 Plant Mobile 3 500  175 000 

Loader 5 Volvo L70 2 Service Mobile 5 600  112 000 

Loader 6 Volvo L70 1 Service Mobile 2 800  56 000 

Loader 7 Volvo L90 1 Service Mobile 3 500  87 500 

Pickup Nissan Navara  8 Personal Mobile 11 200  22 400  

Truck Volvo FH16 12 Ore/Waste Mobile 84 000  1 932 000  

 

Table 4 shows the second category of equipment - the hybrid vehicles, which use diesel 

engines for transport and electricity for performing the actual task for which they are used, 

such as rock support or drift development and drilling. These do not consume as much 

diesel as the vehicles from the first category, but consume quite considerable amounts of 

electricity when performing their main tasks. 

The third category of equipment is driven entirely by electricity, and is almost 

exclusively represented by stationary equipment, except for 40 service pumps which can 

be moved around depending on where they are needed (See Table 5). Especially large 

consumption of electricity was found in the ventilation system of the mine, with a 

combined consumption of approximately 27 500 MWh of electricity. Ventilation is thus 

representing around 86 % of total electricity consumption underground.     

The fourth and last category of equipment can be seen in Table 6, and is 

represented by explosives and the air heating system which uses liquified petroleum gas 
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(LPG) to keep ice form building up in the ventilation shaft that could otherwise break off 

and fall down to damage equipment or even harm people. The annual consumption of LPG 

was estimated by Dannemora Iron AB (2022) to be 200 000 kg. The total amount of 

annually consumed explosives was estimated by Dannemora Iron AB (2022) to be 

1 545 760 kg of Emulsion explosives, thus representing only 2 % of total emissions 

underground.
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Table 4: Hybrid equipment used in 2014. 

Equipment Name Quantity Task Type Total Hours (D/E) Diesel (L) Electricity (kWh) 

Concrete Rig AMV 4200 Shotcrete 1 Concrete Mobile 1000 / 1450 16 000  539 000  

Bolting Rig Sandvik DS410-C 1 Rock Support Mobile 531 / 3150 7 540 220 500 

Development Drill Rig Sandvik DD421-S60C 1 Dev. Mobile 531 / 3150 7 540 582 750 

Development Drill Rig 2 Sandvik DD420-S60C 1 Dev. Mobile 531 / 3150 7 540 582 750 

Long Hole Drill Rig Sandvik DL421-7C 3 Dev. Mobile 173 / 9450 2 457 841 050 

Scaler Jama SBU8000 2 Rock Support Mobile 1062 / 6300 15 080 1 008 000 
 

Table 5: Electric equipment used in 2014. 

Equipment Name Quantity Task Type Total Hours Electricity (kWh) 

Dehumidifier Munters 1 Dehumid. Stationary 8 760 36 792 

Heater Salda EKR 6.1 1 Heating Stationary 8 760 15 768 

Pump (Main) Vogel MP65.2/3A 2 Pumping Stationary 4 200 142 800 

Pump (Main) Vogel MP65.2/8A 2 Pumping Stationary 4 200 445 200 

Pump (Service) Flygt BS 2640 MT 10 Pumping Stationary 8 750 49 000 

Pump (Service) Flygt Ready 8 40 Pumping Mobile 35 000 31 500 

Ventilation (Main) EOL Vent 8 Ventilation Stationary 70 080 17 520 000 

Ventilation (Secondary) 1 EOL Vent 4 Ventilation Stationary 35 040 3 153 600 

Ventilation (Secondary) 2 EOL Vent 1 Ventilation Stationary 8 760 438 000 

Ventilation (Secondary) 3 EOL Vent 29 Ventilation Stationary 172 550 6 384 350 

 

Table 6: Explosives and liquified petroleum gas (LPG) used in 2014. 

Equipment Name Quantity Task Type Total Hours Explosives (kg) LPG (kg) 

Air Heating Örebro Gasteknik 2 Heating Stationary ND - 200 000  

Explosive Emulsion - Blasting Explosives - 1 545 760 - 
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Finally, Table 7 shows total energy use and GHG emissions from underground activities 

in Dannemora 2014. Even though most of the consumed energy was in the form of 

electricity, the largest share of emissions comes from the use of diesel. This is due to the 

considerably higher emission factor of 75.7 gCO2e/MJ for diesel and 65.2 gCO2e/MJ for 

LPG, compared to 13.1 gCO2e/MJ for the Swedish electricity mix (Swedish Energy 

Agency, 2019; Kosan Gas, n.d.). 

 

Table 7: Total energy use and GHG emissions in 2014 

Inputs Unit Amount Energy (MJ) Energy (kWh) Fx kgCO2e 

Diesel L 3 641 558 128 911 139 35 808 650 0,0757 9 758 573 

Electricity kWh 31 981 592 115 133 731 31 981 592 0.0131 1 508 252 

Explosives kg 1 545 760 - - 0.1300 200 949 

LPG kg 200 000 9 200 000 2 555 556 0.0652 600 000 

Total - - 253 244 870 70 345 797 - 12 067 774 
 

 

4.2 LCI and Calculations 2025 

Below follows an account of the equipment that was found during the second stage of this 

research. This equipment could potentially be used to lower the amount of GHG emissions 

from underground mining activities in Dannemora. All equipment has been compiled in 

Table 8, and has been denominated in the same way as the equivalent equipment used in 

2014.  

There are a number of differences between the 2014 and 2025 systems that should 

be explained, where the most prominent one is the shift from hauling the iron ore using 

vehicles, to hoisting using a Mine Shaft Skip. In 2014, iron ore was brought up to the 

surface using 12 diesel trucks and 2 Dumpers (See Table 3). These have been replaced in 

this scenario by the Mine Shaft Skip, which is essentially a lift for transporting iron ore 

from underground directly into the sorting plant using only electricity. This is done by 

transporting the iron ore, using electric trucks, further underground where the bottom of 

the skip system is situated. This means that the 12 trucks, 2 dumpers and Loaders 3 to 5 

are no longer needed. Instead, only 5 trucks, 4 loaders (Loader 1) and the Mine Shaft Skip 
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could perform the same task. This equipment is all fully electric. Adopting this hoisting 

system could reduce the energy consumption from bringing ore to the surface by 

approximately 53 %, and GHG emissions from the same activity by 92 % (Only the 

replacement of diesel trucks with the mine shaft skip are included in these numbers, not 

the loaders). 

Another significant difference is the amount of ventilation that is needed. As all 

diesel equipment from 2014 would be replaced by electric alternatives, the amount of 

necessary ventilation could be reduced by approximately 81 % (Dannemora Iron AB, 

2022), resulting in significant electricity savings.  

It should also be noted that one Long Hole Drill Rig was replaced by a Raise Bore 

Rig due to improved drilling results according to Dannemora Iron AB (2022). This change 

was however not done for the sake of improved energy efficiency or reduced GHG 

emissions.  

The quantity and energy use of pumps was assumed to be the same in both 

scenarios as the waterflow into the mine will not be affected by the choice of the 

machinery operating in it but by environmental influences that are not controlled by these 

changes. For comparability, water flow was therefore assumed to be the same for both 

years. 

Unfortunately, no GHG-emission free alternatives to explosives were found that 

could mitigate emissions from blasting. This seems to be the case because alternatives that 

have been researched so far have been subject to instability and release of other gases 

which could become harmful in other ways (Dannemora Iron AB, 2022). Therefore, it was 

assumed that the same type and amount of explosives was used in the 2025 scenario since 

the amount of extracted iron ore is the same. 

Total emissions from underground activities in 2025 have been compiled in Table 

9. Due to the much lower emission factor for Swedish electricity compared to Diesel and 

LPG, the amount of GHG emitted in 2025 is considerably lower than in 2014. Energy 

consumption has also been reduced significantly. 
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Table 8: Equipment that could be used in 2025. 

Equipment Name Task Quantity Type Input type Total Hours Electricity Explosives 

Air Heating ND Heating ND Stationary ND ND ND - 

Bolting Rig Sandvik DS412iE     Rock Support 1 Mobile E 531 37 170 - 

Concrete Rig ND Concrete ND Mobile ND ND ND - 

Concrete Truck ND Concrete ND Mobile ND ND ND - 

Dehumidifier Munters MLT 800 E Dehumid. 1 Stationary E 8 760 36 792 - 

Development Drill Rig Sandvik DD422iE Dev. 2 Mobile E 6 300 1 165 500 - 

Explosive Emulsion Blasting - Explosives X - - 1 545 760 

Heater Salda EKR 6.1 Heating 1 Stationary E 8 760 15 768 - 

Loader 1 Sandvik LH518B Ore 4 Mobile E 16 800 1 176 000 - 

Loader 2 ND Service ND Mobile ND ND ND - 

Loader 7 ND Service ND Mobile ND ND ND - 

Long Hole Drill Rig Sandvik DL422iE Dev. 3 Mobile E 9 450 841 050 - 

Mine Shaft Skip - Hoisting 1 Stationary E 16 800 10 416 000 - 

Pickup Toyota Hilux E Personal 8 Mobile E 11 200 112 000 - 

Pump (Main) Vogel MP65.2/3A Pumping 2 Stationary E 4 200 142 800 - 

Pump (Main) Vogel MP65.2/8A Pumping 2 Stationary E 4 200 445 200 - 

Pump (Service) Flygt BS 2640 MT Pumping 10 Stationary E 8 750 49 000 - 

Pump (Service) Flygt Ready 8 Pumping 40 Mobile E 35 000 31 500 - 

Raise Bore Rig Rhino 100  Dev. 1 Mobile E 3 150 280 350 - 

Scaler Jama SBU8000E Rock Support 2 Mobile E 6 300 1 008 000 - 

Truck Sandvik TH550B Ore/Waste 5 Mobile E 4 200 504 000 - 

Ventilation (Main) ND Ventilation 4 Stationary E 14 000 3 500 000 - 

Ventilation (Secondary)  ND Ventilation 18 Stationary E 31 500  1 732 500 - 
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Table 9: Total energy use and GHG emissions in 2025. 

Inputs Unit Amount Energy (MJ) Energy (kWh) 𝐅𝐱 kgCO2e 

Diesel L 0 0 0 0.0757 0 

Electricity kWh 23 229 280 83 625 408 23 229 280 0.0131 1 095 493 

Explosives kg 1 545 760 - - 0.1300 200 949 

LPG L 0 0 0 0.0652 0 

Total - - 83 625 408 23 229 280 - 1 296 442 

 

4.3 Potential GHG and Energy Savings 

Significant reductions in both GHG emissions and energy consumption could be achieved 

if the range of equipment presented in Table 8 were to be used instead of the equipment 

used in 2014 (See Table 10). Total GHG emissions from underground mining activities in 

Dannemora could be reduced by approximately 9 463 000 kgCO2e, which is equivalent to 

90 % of total emissions in 2014. The total energy consumption of underground mining 

activities in Dannemora could be reduced by approximately 40 400 MWh, which is 

equivalent to 64 % of total energy consumption in 2014. Any external factors such as 

losses from electricity production are not included in this number, just consumption of 

energy in the mine.  

 

Table 10: Total energy and GHG savings. 

 

Note that these calculations exclude emissions and energy consumption from the 

equipment Air Heating, Concrete Rig, Concrete Truck, Loader 2 and Loader 7. This is 

because no replacement was found for this equipment, and including them in the 2014 

system but not in the 2025 system would of course be misleading and incorrect. This does 

however also mean that the reduction potential may be greater than what is presented in 

Table 10. 

 

 Amount Unit Reduction (%) 

GHG Savings: 9 463 000 KgCO2e 90 % 

Energy Savings: 40 400 MWh 64 % 
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5. DISCUSSION 

The results of this case study show a significant reduction in both GHG emissions and 

energy consumption for underground mining activities. However, it should be noted that 

while most of the equipment used in 2025 does not produce any Scope 1 emissions, Scope 

2 emissions from generating electricity still hinder the reduction potential from becoming 

as high as 100 %. These emissions could be mitigated by purchasing electricity through 

renewable-only tariffs, or by installing privately owned renewable electricity generation 

technologies, such as solar PV’s or even wind turbines. However, the large amount of 

privately installed capacity needed in combination with the intermittency of renewables 

poses the challenge of providing the mine with enough electricity when it is needed, and 

at a feasible price. This becomes especially challenging when one considers that all heavy 

machinery, the Mine Shaft Skip, pumps and ventilation systems would be using large 

amounts of electricity almost constantly.  

The emissions deriving from blasting, and perhaps also Scope 2 emissions from 

electricity generation, could potentially be mitigated using CO2 compensation schemes 

until technological advances have been made that enable emission-free blasting. Another 

option could be to install CCS technology in order to directly capture the emissions that 

are released in the mine. It would also be interesting to research potential uses of this 

captured CO2 and investigate whether this hard-to-abate waste gas can be used for 

something productive instead of being released into the atmosphere. An opportunity with 

using CCS technology in an underground mine is that the airflow is easily controlled with 

specific inlets and outlets of air to and from the mine. This could be used as an advantage 

to directly capture any emissions still being produced underground, if that were the case. 

Depending on the magnitude of remaining GHG emissions in the Dannemora mine after 

adopting the emission-free technology presented in this article, it may however be more 

feasible to use a compensation scheme for those remaining emissions.  

There are a few limitations to this study that need to be mentioned. Firstly, the 

margin of error that is created by using approximate hourly input consumption for each 

piece of equipment instead of actual consumption data has to be kept in mind. Mines come 
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in different sizes, with varying slopes as well as different types of tasks for the same 

vehicles, which influences fuel consumption in trucks, loaders and similar equipment. 

This can ultimately lead to very different results. This error could be eliminated by actually 

monitoring how much input each piece of equipment is using, and documenting this on a 

yearly or even monthly basis.  

Furthermore, even though this study does not include Scope 3 emissions into its 

calculations, it is still important to consider these emissions when discussing the effects 

of the 2025 scenario. If the emissions from producing BEV’s are higher than from the 

production of internal combustion engine (ICE) vehicles, this difference has to be taken 

into account. This of course also depends on for how long the vehicles are going to be 

used. If the vehicle in question is only thought to be used for a short period of time and 

the electric version produces much higher emissions during production, then the ICE 

alternative may actually emit less GHG in total.  

Now, even though the technical prerequisites for decarbonising the Dannemora 

iron ore mine are very promising, and equipment is predominantly available today, the 

broader perspective needs to be looked into as well. For instance, it is important to ensure 

that a secure electricity supply can be provided by the grid at all times so that the electric 

equipment can actually be used underground. If the mine indeed would adopt the almost 

exclusively electric equipment presented in this study’s 2025 scenario, it would represent 

approximately 5 % of total electricity consumption in Östhammar municipality, in which 

the mine is situated (Statistics Sweden, 2021). While this is true, this number was standing 

at 11 % when the conventional equipment was used, mostly due to a drastically higher use 

of ventilation because of diesel exhausts. Thus, the electrification of the Dannemora iron 

ore mine actually reduces the consumption of electricity. Nonetheless, in a world of 

electrification throughout many sectors, such as transport and industry, it is crucial that a 

secure supply of electricity is maintained and that production is done sustainably. 

Otherwise, the technological advances that have been made in, for instance, the mining 

industry, cannot be used to its full potential. One also needs to remember that the Swedish 

electricity mix has a very low carbon footprint as 67 % of the electricity is renewable, and 
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31 % comes from nuclear energy (Ritchie, Roser and Rosado, 2020). In countries like for 

instance South Africa, India or Australia, where fossil fuels represent more than 70 % of 

the electricity mix, electrification of a mine will not have the same GHG reduction effect 

as was shown in this study (Ritchie, Roser and Rosado, 2020). It is therefore imperative 

that the share of clean electricity generation is drastically increased on a global scale. 

Regarding the feasibility of implementing the decarbonised system that was 

presented in this study, there are not many technical obstacles that prevent such an 

implementation. Almost all of the equipment presented in Table 8 exists today and as long 

as a secure electricity supply is maintained, the benefits of electrification should outweigh 

the challenges. Of course, there is always an economic factor that needs to be taken into 

consideration. Mining vehicles are usually very expensive and return of investment 

periods may be so long that exchanging conventional vehicles with electric ones becomes 

financially challenging. In the case of Dannemora, where the re-opening of the mine 

requires new purchasing of vehicles anyway, this of course becomes less of a challenge. 

And for mines which are shown to have large reserves and life-of-mine periods, 

transitioning as soon as possible would most likely also result in long-term savings due to 

reduced costs for input such as diesel. 

 

6. CONCLUSION  

This case study set out to respond to two research questions by performing a comparative 

life cycle inventory and through document reviews and interviews. These two questions 

are responded to below. 

The prerequisites and technical potential for decarbonising the Dannemora iron 

ore mine are very promising. The majority of equipment used in underground activities 

can be replaced by electric alternatives today or until 2025. There are however currently 

no viable emission-free alternatives to explosives, though research is already being 

conducted in this area as well.  

Another conclusion is that the replacement of conventional technologies with the 

electric alternatives presented in this study, could reduce energy consumption from 



 34 

underground activities in the Dannemora iron ore mine by approximately 40 400 MWh, 

or 64 %. This would also result in a reduction of GHG emissions by 9 463 000 kgCO2e, 

which is equivalent to 90 % of 2014 levels. Most of these reductions fall under what the 

Greenhouse Gas Protocol describes as Scope 1 emissions, as the transition from ICE 

vehicles to BEV’s erase all tail-pipe emissions. 

Now, several pathways can be taken in order to improve on the results of this study. 

Firstly, further research could include Scope 3 emissions, which would expand greatly on 

the total emissions deriving from each piece of equipment used in a mine. One could also 

expand on the system boundaries applied to the research. For instance, surface activities 

could be included, or emissions from transporting the ore from the mine to the customer 

or port. Secondly, the viability and effects of using CCS technology in order to capture 

currently unavoidable emissions from blasting could be yet another area of research.  

With this work, the author hopes to have contributed with further insights into how 

underground mining operations in Sweden and elsewhere could reduce their GHG 

emissions and energy consumption.  The author also recommends any mining company 

to monitor and document their consumption of fuel and energy closely. By doing this, 

sustainability reporting may become easier and hotspots of energy and fuel consumption 

can be identified and dealt with, potentially saving large amounts of both money and 

emissions. Another recommendation is to reconsider the way in which ore is brought up 

to the surface, as this activity can involve significant use of fuel and energy. This study 

showed the use of the Mine Shaft Skip significantly reduced energy use and GHG 

emissions compared to haulage using diesel trucks. 

As a concluding remark, suffice it to say that the mitigation of climate change 

requires the decarbonisation of energy-intensive industries and a technological transition 

that one could compare to the industrialisation. This does however also require global 

electricity generation to become more sustainable and secure, so that the current trend of 

electrification can actually lead to a sustainable energy system.
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APPENDIX A 

 
 

 

Appendix A. Three-dimensional schematic of the Dannemora iron ore mine showing the main ramp (light blue, Huvudramp in 

Swedish), secondary ramps (red), excavated ore bodies (grey) and ore bodies yet to be extracted (multicoloured). The schematic 

also shows various shafts (pink), such as the main shaft used for hoisting, which is situated underneath the beginning of the main 

ramp. The distance between Lyndon 1 and 3 to the left (South), and Norrnäs 1 and 2 to the right (North) measures approximately 3 

km. Picture source: (Dannemora Iron AB, 2022). 
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APPENDIX B 

Equipment 2014 𝒏 𝑻𝒅 𝒅 𝑻𝒕 𝑪𝒕 Input Source 

Air Heating 2 ND ND ND 200 000 LPG (Dannemora Iron AB, 2022) 

Bolting Rig 1 ND ND 531 / 3150 7 540 / 220 500 D/E (Sandvik, 2022a) 

Concrete Rig 1 ND ND 1000 / 1450 16 000 / 539 000 D/E (Dannemora Iron AB, 2022) 

Concrete Truck ND ND ND ND ND D - 

Dehumidifier 1 24 - 8 760 36 792 E (Dannemora Iron AB, 2022) 

Development Drill Rig 1 ND ND 531 / 3150 7 540 / 582 750 D/E (Dannemora Iron AB, 2022) 

Development Drill Rig 2 1 ND ND 531 / 3150 7 540 / 582 750 D/E (Dannemora Iron AB, 2022) 

Dumper 2 20 350 14 000 329 000 D (Dannemora Iron AB, 2022) 

Explosive - - - - 1 545 760 X (Dannemora Iron AB, 2022) 

Heater 1 24 365 17 520 30 240 E (Dannemora Iron AB, 2022) 

Loader 1 6 8 350 16 800 504 000 D (Sandvik, 2022b) 

Loader 2 2 5 350 3 500 87 500 D (Dannemora Iron AB, 2022) 

Loader 3 1 20 350 7 000 280 000 D (Dannemora Iron AB, 2022) 

Loader 4 1 10 350 3 500 175 000 D (Dannemora Iron AB, 2022) 

Loader 5 2 8 350 5 600 112 000 D (Dannemora Iron AB, 2022) 

Loader 6 1 8 350 2 800 56 000 D (Dannemora Iron AB, 2022) 

Loader 7 1 10 350 3 500 87 500 D (Dannemora Iron AB, 2022) 

Long Hole Drill Rig 3 ND ND 173 / 9450 2457 / 841 050 D/E (Sandvik, 2022c) 

Pickup 8 4 350 11 200 22 400 D (Dannemora Iron AB, 2022) 

Pump (Main) 2 6 350 4 200 142 800 E (Dannemora Iron AB, 2022) 

Pump (Main) 2 6 350 4 200 445 200 E (Dannemora Iron AB, 2022) 

Pump (Service) 10 5 350 8 750 49 000 E (Dannemora Iron AB, 2022) 
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Pump (Service) 40 5 350 35 000 31 500 E (Dannemora Iron AB, 2022) 

Scaler 2 ND ND 1062 / 6300 15 080 / 1 008 000 D/E (Jama, 2018) 

Truck 12 20 350 84 000 1 932 000 D (Dannemora Iron AB, 2022) 

Ventilation (Main) 8 24 365 70 080 17 520 000 E (Dannemora Iron AB, 2022) 

Ventilation (Secondary) 1 4 24 365 35 040 3 153 600 E (Dannemora Iron AB, 2022) 

Ventilation (Secondary) 2 1 24 365 8 760 438 000 E (Dannemora Iron AB, 2022) 

Ventilation (Secondary) 3 29 17 350 172 550 6 384 350 E (Dannemora Iron AB, 2022) 

  
Appendix B. Detailed information on equipment used in 2014. The table shows quantity 𝑛, daily hours per unit of equipment 𝑇𝑑, 

days in operation per year 𝑑, total hours 𝑇𝑡, total consumption of equipment 𝐶𝑡, as well as input type and the source of information 

and data. The denotation ND means that no sufficient data was found.  
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APPENDIX C 

Equipment 2025 𝒏 𝑻𝒅 𝒅 𝑻𝒕 𝑪𝒕 Input Source 

Air Heating ND ND ND ND ND ND - 

Bolting Rig 1 ND ND  531   37 170  E (Sandvik, 2022d) 

Concrete Rig ND ND ND ND ND ND - 

Concrete Truck ND ND ND ND ND ND - 

Dehumidifier 1 24 365  8 760   36 792  E (Munters, n.d.) 

Development Drill Rig 2 9 350  6 300   1 165 500  E (Sandvik, 2022e) 

Explosive - - -  -  1 545 760 X (Dannemora Iron AB, 2022) 

Heater 1 24 365  8 760   15 768  E (Salda, n.d.) 

Loader 1 4 12 350  16 800   1 176 000  E (Sandvik, 2022f) 

Loader 2 2 5 350  3 500  ND E - 

Loader 7 2 8 350  5 600  ND E - 

Long Hole Drill Rig 2 9 350  6 300   560 700  E (Sandvik, 2022g) 

Mine Shaft Skip 2 24 350  16 800   10 416 000  E (Dannemora Iron AB, 2022) 

Pickup 8 4 350  11 200   112 000  E (Dannemora Iron AB, 2022) 

Pump (Main) 2 6 350  4 200   142 800  E (Dannemora Iron AB, 2022) 

Pump (Main) 2 6 350  4 200   445 200  E (Dannemora Iron AB, 2022) 

Pump (Service) 10 5 350  8 750   49 000  E (Dannemora Iron AB, 2022) 

Pump (Service) 40 5 350  35 000   31 500  E (Dannemora Iron AB, 2022) 

Raise Bore Rig 1 9 350  3 150   280 350  E (Sandvik, 2020) 

Scaler 2 9 350  6 300   1 008 000  E (Jama, n.d.) 

Truck 5 12 350  21 000   2 520 000  E (Sandvik, 2022h) 

Ventilation (Main) 4 10 350  14 000   3 500 000  E (Dannemora Iron AB, 2022) 

Ventilation (Secondary)  18 5 350  31 500   1 732 500  E (Dannemora Iron AB, 2022) 

 Appendix C. Detailed information on the equipment that could be used by 2025. The table shows quantity 𝑛, daily hours per unit 

of equipment 𝑇𝑑, days in operation per year 𝑑, total hours 𝑇𝑡, total consumption of equipment 𝐶𝑡, as well as input type and the source 

of information and data. The denotation ND means that no sufficient data was found. 


