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Sammanfattning 

Koldioxid är en av de gaser som orsakar klimatförändringar genom växthuseffekten. Både 

Europeiska Unionen och Sverige har som mål att minska utsläppen av växthusgaser. 

Projektets syfte var att beräkna de totala koldioxidutsläppen vid framställning av järnpulver 

ifrån järnsvamp hos Höganäs för både upstream- (utsläpp vid tillverknings och transport) och 

processutsläppen. Beräkningar visade ett totalt utsläpp på 234, 2 kton per år. Det andra målet 

var att beräkna koldioxidutsläppen vid användning av biomassa kontra naturgas i bandugnen. 

Resultaten visade att utsläppen kan minskas med 4 % per år om man använder biomassa 

istället för naturgas. Det tredje målet var att beräkna den ekonomiska skillnaden mellan 

biomassa och naturgas. Efter 10 år kommer en anläggning som producerar bränsle ifrån en 

mixad biomassa nå lönsamhet gentemot fortsatt användning av naturgas. Om priset på 

utsläppsrätter ökar kan tiden till lönsamheten sänkas. Den fjärde mål var att titta på andra 

utsläpper som inte är koldioxid och jämföra skillnaden mellan användning av biomassbränsle 

kontra naturgas. Resultaten visar att utsläpp av NOx och kvicksilver kommer att få en 

betydande ökning om biomassa används. Dock är dessa utsläpp binder till kondenserat vatten. 

Ytterligare utredningar om hur detta ska tas om hand bör göras och om man kan ta hand om 

utsläppen på liknande sätt som det görs idag. 
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Abstract 

Carbon dioxide is one of the green house gases that cause climate changes. Both the European 

Union and the Swedish government have the goal to reduce the emission of green house 

gases. The first aim of this project was to calculate the amount of the total emissions when 

producing Sponge Iron powder at Höganäs for both upstream and process. The calculations 

showed an emission of 234, 2 k ton per year. The second aim was to calculate the carbon 

dioxide emissions when using biomass compared to natural gas in the belt furnace. The results 

showed that there could be made a 4% decrease in emission rates when using biomass. The 

third aim was to calculate the economical difference between biomass and natural gas as a 

fuel. After 10 years the using a biomass mix (30% is fiber sludge and the rest 70 % is wood 

residues) the payback time was reached, considering reduced need of emission allowances 

(124. 5 €/ton CO2 equivalents), an upfront investment of 13 MSEK, and a 5% depreciation 

each year .Using the same calculation, but with a higher cost for emission allowances, the 

payback time was reduced to 2-3 years depending on raw biomass. The fourth aim was to 

look at emission of other polluting substances and compare the difference between using 

natural gas versus biomass. Although carbon dioxide levels could be cut by 4% per year other 

substances emission levels will be higher because of the gasification process, especially NOx 

and mercury. Further investigation has to be done in order to understand how to manage a 

increased amount of other substances. 
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1. Introduction 

The increasing pollution levels in the atmosphere caused by humanities industrial revolution 

will change the earth climate with unforeseen consequences for both nature and human life. In 

order to conserve a climate with moderate and manageable differences in temperature, 

humanity will have to cut back on polluting the atmosphere with heat trapping gases. With 

today’s growing concern of increasing greenhouses gases in the atmosphere the Swedish 

government and EU are using emission taxes to pressure industries to cut their emission 

levels. There is no real consensus on what impact the increased temperatures will do on the 

Earths climate. Looking back on historic data, an increasing temperature can caused drastic 

changes in earth’s climate. Humanity pollutes the Earths atmosphere with such a fast rate the 

consciences can very well be deadly for the life threatening on Earth. With an increased 

temperature and changing climate it is going to be hard to predict the consequences of 

humanities missteps. [1] 

The Swedish government’s goal to cut carbon dioxide emissions from 1995 to 2020 with 40% 

meanwhile EUs goal is to cut emission rates from 2004-2020 with 21%. To achieve this goal 

the whole society has to find new ways to cut back on carbon dioxide addiction. [2] 

Companies need to invest in new solutions and alternative processes to zero out their emission 

numbers. In order to succeed with this goal the Swedish government will force companies to 

cut back on the amount of heat trapping emissions by changing laws and restricting emissions 

by monetary penalties such as green taxes and allowances.[3] 

Our goal therefore is to calculate the total amount of carbon emission when producing sponge 

iron powder at Höganäs process. Carbon emission will look at different options on how to cut 

back and find effective methods to decrees the company's carbon footprint. There will also be 

a investigation if it to change fuels used in the belt furnace from nature gas to biogas and to 

see which fuel is the most economical. [4] 

 

 

 

 



7 
 

 
 

2. Background 

2.1 Iron production at Höganäs (with sponge iron process) 

The next few pages the sponge iron process at Höganäs, that is used to produce iron powder, 

will be described. Important to mention it that that this project does not include calculation for 

any after-treatment processes (Distaloy or Astaloy processes). [5] The process starts with that 

two raw materials, ground limestone and coke breeze, are blended. This mix is called 

reduction mix. The iron ore that is used have a very high content of magnetite. Ores with 

greater than 60% iron content of magnetite and hematite are called “Natural ore” or also 

called “Direct Shipping Ore” and are preferably used in the Sponge iron process.  

In the Höganäs process the reductant agent used is primarily non-cooking coal [6]. The coal 

should have high volatile content paired with high carbon content. Important to mention that 

the magnetite slick and the reduction materials are dried in separate rotary ovens where they 

are being dried. The main reason why limestone is used in reduction mix is because of the 

good properties to absorb sulfur. Sulfur is a non-desirable element since it detrimental the 

sponge iron properties. Therefore important part of the process is the use of limestone which 

instantly absorbs the sulfur from the coke before it could get into the iron pellets. Using 

calcium carbonate also increases the fusion and sinter point of the ashes to a temperature over 

the furnace temperature which prevents the ash to sinter.
 
When the reduction mix is dried is 

has lightly agglomerated and therefore it is crushed- and lastly screened.  

The same time the dried magnetite is passed through a magnetic separator where the magnetic 

separator separates the magnetic material (iron ore from the non-magnetic (char)). Both 

materials are then charged by using an automatic charging device which deliveries its content 

into ceramic material formed as tubes. These tubes are 2 m long and have an initial diameter 

(DI) of 40 cm, and built up by four tube segments of silicon carbide. These silicon carbide 

segments are than stacked on top of each other. 

The tubes that are standing on rail-bounded cars are clad with a thick layer of refractory 

bricks (see Figure 1. [7]). The retort is usually called saggers. [8] These cars are traveling with 

a low speed through a tunnel kiln of approx. 260 m length within which the retorts are slowly 

heated to a maximum temperature of approx. 1100°C. Opposite the kiln cars direction flows 

the combustion air and cools the hot cars.  
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Figure 1. Sketch of cart and sagger 

(Furthermore there is another type of Kiln called Rotary Kiln. Compared to the Rotary type 

the tunnel type has lower investment and maintenance cost, however höganäs does not use a 

rotary kiln.) There are three main zones through the tunnel process, which consists of 

preheating, reduction, and lastly the cooling zone.  

With an increased temperature inside the retorts, the coke breeze begins to burn and starts a 

reaction with air to form CO as seen on the small table above here. The CO in turn, reduces 

the magnetite to metallic iron while oxidizing to CO2. The generated CO2 from the process 

reacts with the remaining coke breeze and forms new CO, which again reduces more 

magnetite to metallic iron. This cyclic reaction continues until all magnetite has been reduced 

to metallic iron and the substantial part of coke breeze is 

burned up. Meanwhile in the reduction cycle, the limestone 

in the reduction mix binds the sulfur arising from the 

burning coke breeze. After passing through the reduction 

zone hot exhaust gases preheat the cars. Gases are then 

transported away from the kilns. When reduction is 

completed, the retorts are slowly cooled down to 

approximately 250°C to leave the kiln. Inside each retort, 

there is a tube formed sponge iron cake with a porosity of 

about 75%, and residue of unburned coke breeze blended 

with sulfur-rich ash. There is a concentric feeding of 

material inside the sagger so that the coal ash and sponge 

iron remain separate. The formed product can easily be 

C + O2 = CO2 

CO2 + C = 2CO 

Fe2 O3 + CO = Fe3O4 + CO2
 

Fe3 O4 + CO = FeO + CO2  

FeO + CO = Fe + Co2  

Figure 2. Reaction during 

reduction in the tunnel 

furnace. 
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separated. The process takes between 28-36 hours depending on the plant and composition of 

the substance.  

At an automatic discharging station, the sponge iron tubes are then pulled out of the saggers 

and the saggers are cleaned from ash, limestone and coke breeze in order to get ready for 

recharging with iron ore and reduction mix.  

After the tube-like sponge iron cake has been cleaned from ash and adhering coke breeze it 

goes through several crushing stations. The first step is coarse crushing to facilitate additional 

crushing stations. The sponge iron is crushed to a particle size below 3 mm. It is subsequently 

stored in a silo before going through furthermore crushing and milling. [9], A typical sponge 

iron analysis of the crushed sponge iron is showed table 1. [10] The table shows different 

elements and how big percentage they taking up in the sponge iron.   

 

Table 1. Typical analysis of sponge iron from Höganäs. 

Element Value (%) 

Fe (metallic) 93.0 

Fe (total) 97.0 

Metallization 95.9 

Carbon 0.2 

Sulphur 0.008 

Phosphorus 0.012 

Gangue* 1.6 

 

*Gangue is an umbrella term for oxide minerals (CaO, Sio2, Al2O3, MgO etc.) [11] 

The powder is then goes through a chain of magnetic separator in order to separate the 

powder from impurities and refine a particle size of 150 µm. The iron powder is now too hard 

to sinter and still contains some oxygen. Therefore the iron powder is annealed in a 

continuous belt furnace which is made of stainless steel.  The atmosphere that is in contact 

with the powder is hydrogen gas due to it has great stability and strong reduction capacity. 

Other atmospheres can also be used if the finished products have to have special properties. 

Höganäs produce the hydrogen gas by reforming. [12] Reforming is used to produce 

hydrogen gas by letting natural gas react with water steam. The water steam reforming is the 
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most used process for producing commercial hydrogen. On equation (1) the methane steam 

reforming process (SRM) can be seen 

CH4 + H2O ⇌ 3H2+ CO       (1) 

The high temperature in the belt furnace (800-1000C) increases the grain size, which leads to 

increased high green strength and the compressibility, this makes it more formable. [13] It is 

also important to not keep a too high temperature to avoid re-sintering of the iron powder. 

[14] However during this annealing the powder agglomerates to a crumbly cake. The crumbly 

cake is then milled in a special mill to a fine powder. Powder from all furnaces is then 

collected in silos and equalized in lots. The powder in this stage is very pure and ready to be 

packed and sent to consumers or distributed for further refining by the distaloy or astaloy 

processes. [15]  
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(1) Coke and lime (11) Storage  

(2) Iron ore (12) Crushing 

(3) Drying (13) Magnetic separation 

(4)  Crushing (14) Grinding and screening 

(5) Screening (15) Annealing/reduction  in Muffel Furnace 

(6) Magnetic separation (16) Grinding 

(7) Charging  (17) Equalizing 

(8) Reduction in Tunnel Furnace (18) Packing 

(9) Discharging (19) Reduction mix 

(10) Coarse Crushing (20) Iron Ore 

    

Figure 3. Flow during production of iron powder.  

 

2.2 Gasified biomass process (WoodRoll®) 

A WOOD ROLL gasification process for producing Synthethic Methane Gas (SNG) has been 

developed at Cortus Energy and used for trials. The process is divided in three main process 

stages; drying, pyrolysis and gasification. These kind of energy effective and energy friendly 

processes are needed for the energy intensive industries for example at Höganäs AB for their 

sponge iron production. Höganös will use the syngas that is produced during gasfication as 

fuel. 

The drying process is required to ensure that all water has been removed from the biomass 

because biomass contains two types of water; free water and bound water. After verifying that 

the biomass is dry the temperature is increased.   

The first pyrolysis temperature is reached after the drying is completed.  Here an isothermal 

step is used to ensure complete volatilization for each of three pyrolysis temperatures. 

Depending on the biomass more or less volatile matter will be driven off. The less volatile 

matter the more char and the more volatile matter the less char. Pyrolysis could be described 

as a process when and organic material at increased temperature thermo chemically 

decomposes in the absence of oxygen. When pyrolysis is finished the organic part produces a 

gas and a liquid and leaves a solid substance behind with high carbon content, called char.  

After pyrolysis is completed the temperature is raised to the optimal gasification temperature 

around 1100 degree Celsius. This process takes around 15-40 min 
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The Pyrolysis gas is used as a source of energy by combustion it, hence it can power the 

facility that covert biomass to syngas. The reaction is shown in eq. (2). 

                  

Mole ratio           1   :   2   :   3   :      2    :   1  (2) 

When the syngas is combusted carbon dioxide and water is produced, (see eq. (3)) 

Because of the real molar ration between the reactants do not correspond to the reactions, 

methane will be consumed first. A reaction without methane occurs. During this, also carbon 

dioxide and water is produced, (eq. (4). 

                         

Mole ratio     1   :   1     :    1    :    3     :     2     :   1  (3) 

 

                  

Mole ratio          1   :   1    :    1     :     1     :   1  (4) 

 

2.3 Types of biomasses as fuels 

In the next few pages possible biomasses that can be used to produce syngas will shortly be 

introduced and a short background will be given. 

2.3.1 Vine cutting 

Vine cuttings are the most heterogeneous fuels, one of the most reactive types with a carbon 

conversation rate of 96-98 %. Vine cutting is the plant’s tree part that is used for the 

gasification process. 
16

Vine plants fruit part is used for vine production. This fuel is hard to 

obtain in Sweden because the climate is not suited for this plant. However in rest of Europe in 

countries, like France and Hungary, fruit plant’s is available for a low purchase price. 

Especially after the yearly clean-up when residues can be bought cheaply. The transportation 

costs will therefore be biggest part of the costs. There will also be a higher pollution because 

of the transportation.  
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2.3.2 Salix (Willow) 

Salix is a homogeneous genus that consists of around 400 species. It is relatively common in 

Sweden and yield models for bioenergy production has already been developed and 

investigated since 1989 but the cultivation of Salix started already in the early 1970’s. [17], 

[18] Furthermore, willow have good characteristic to be produced with short rotation 

production cycle, since it’s a relatively fast-growing species and have an ability to reach high 

production levels quickly. [19] It has viability up to 30 years before it is necessary to replant. 

[20] Due to the high diversity of Salix, it can be utilized to produce other species with even 

better properties. It also preserves and increases the diversity of the habitat unlike other crops. 

Salix is planted on agricultural land.  [21] Willow is also grown to produce charcoal.  

2.3.3 Mix 

The mix is a mixture of fiber sludge and wood residues. Approximately 30% is fiber sludge 

and the rest 70% is wood residues. Commonly fiber sludge comes from the paper industry and 

is a residue from paper that has been recycled and cannot be used for soft paper 

production.[22] Wood residues are a result of tree felling; branches and tree tops rest products 

from timber processing. It is usually used to produce bioenergy. [23] It is a very 

inhomogeneous and that is why it is a mixture. [24] Compared the other fuels mix has a very 

low reactivity with also a lowest carbon conversation rate with 85% (during gasification). The 

obtained gasification rate is around 89% (mass loss/minute). 

2.3.4 Other fuel alternatives 

There were three other fuels that were used for testing, saw dust, bark and wood chips. All 

three had burned up under the gasification process. Therefore these three fuels are at the 

moment seen as unsuited for the process. 

2.4 Dictionary 

Dictionary: A short dictionary presented to clarify some of the key words that will be used 

trough out the project. To see the words check table 2. 
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Table 2 shows the most important words and their meaning for clear understanding.   

Word Meaning 

Nox   Nitrogen dioxide with the compound formula NO2 

Break- even 

In this case: the point where the cost the investment will be the same as if the investment 

would have been done.  

Pyrolysis  

gas 

Describes a gas used in the separation process for gasification. The gas is produced in the 

he pyrolysis step together with char and some water steam. This gas is used for the 

burners at the gasification process and for drying. 

Syngas   

Syngas is a gas that is produced during gasification. It is commonly used to produce 

Synthetic Natural Gas (SNG). It is a mixture consisting of hydrogen, carbon monoxide 

and some carbon dioxide. 

Low 

heating 

value 

Calculated by from the higher heating value the heat of vaporization of water is 

subtracted. Used to compare fuels. 

Sox   Sulphur dioxide with the compound formula of SO2. 

Allowances  Energy taxes. 

Energy 

taxes 

To reduce pollution taxes companies and people pay to the government. A way to 

incentives lower pollution rate. May burden the economy by reducing output and 

employment. 

Biomass   

Biomass is a biological material which comes from recently living organisms. Refers to 

plant based materials. 

WoodRoll® A patented gasification system developed by Cortus Energy company. (Figure 4. and 5.) 

Upstream 

emissions 

Emissions until reaching the gate of the manufacturing facility. All emissions before 

starting the manufacturing process as example transportation. 

    

Process 

emissions Emissions that are caused by the process by the manufacturing process 

Belt 

Furnace  

The same as Muffel furnace. It is used to anneal the iron powder in order to increase the 

high green strength and the compressibility to more formable. This is desired when 

sintering. 

Muffel 

Furnace  Belt furnace  
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2.5 Aim 

The project is divided into four main problems. We will try to answer all of them but our main 

goal is a correct solution for the first problem. 

2.5.1 The first problem 

Calculate the total amount of carbon dioxide footprint under sponge iron and iron powder 

production. Calculate from the first step of the process, which is the drying the raw sponge 

based iron powder to the last step of the process, when receiving the finished sponge iron 

powder. Here we are not going to include and calculate the carbon emission numbers for 

Distaloy and Astaloy processes.   

2.5.2 The second problem 

Calculate the amount of carbon dioxide footprint when a modified muffel furnace used with 

biomass process instead of using the current existing natural gas process.  

2.5.3The third problem 

Calculate the economical difference between the biomass and the natural gas as fuel. Also try 

to predict in which economic state would become the biomass process an economically viable 

and sustainable alternative.   

2.5.4 The fourth problem 

Comparing the difference between the amounts of pollution (calculating all possible polluting 

substances) they create using the renewable biomass or the natural gas as combustion in the 

belt furnace, two different processes.  
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3. Method 

3.1 Problem 1 

The first aim was to calculate the total amount of carbon dioxide emission when 

manufacturing sponge iron powder at Höganäs.  

For this problem literature study was necessary to gather earlier calculations of the carbon 

emission levels in order to predict an upper and lower limit. Another reason why this study 

was done was to be able to compare with Höganäs environmental report 2013. An extensive 

study was also done to find relevant statistic concerning the production of iron powder. This 

was required to perform the calculation as accurately as possible.  

As calculations tool RAWMATMIX and Microsoft Excel was used. From RAWMATMIX 

values for carbon emission per ton, price etc. was taken and was also used to compare with 

data find on websites and in books. Excel was used to set up a table for each activity in the 

production to calculate the total amount of carbon emissions.  In order to get adequate values 

concerning the production volume, raw material etc. a phone interview with Magnus 

Pettersson, energy coordinator at Höganäs was done.  

At times when reactions were involved (in the tunnel furnace and during production of H2) we 

used calculations without computer aid. Simple stoichiometric calculations were used to 

calculate the amount of substance of each reactant. The two formulas that were used is 

showed in eq. (5)-(6). 

 (5)   (6) 

 is density [kg/m
2
], m is mass [kg], V is volume [m

3
], n is amount of substance [mole] and 

M is molar mass [g/mole]. 

The formulas above were used in almost all steps of the calculations. The values we received 

from the interview were either in GJ or in kWh. These values were then used to calculate the 

amount of ton carbon emission for each process. 

3.2 Problem 2 

The second aim was to calculate the amount of carbon dioxide emission when using biomass 

instead of natural gas for the belt furnace.  
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By using stoichiometry and the content of both the syngas and the pyrolysis gas collected 

from literature studies, the low heating value (LHV) could be calculated. This is required in 

order to get the amount of each gas, thus the carbon emission during combustion of those. By 

knowing the LHV [MJ/kg] and the total energy required in order to power the process, a total 

amount of the syngas could be calculated. By using an energy balance (figure 4) collected 

from Svenskt Gastekniskt Center AB’s report the energy content on each stage could 

calculated by quotas of the energy. Even during these stages, the stoichiometric formulas 

mentioned before was used to calculate the amount of carbon emission through the reactions 

that occur during combustion of the gases. In order to t o calculate the amount of biomass 

needed, the calculation had to be done backwards, from syngas through char and pyrolysis 

gas, by using energy quotas. The amount of syngas is calculated by using LHV and knowing 

how much energy the belt furnace required.  

 

Figure 4. Energy balance test plant WoodRoll®, a gasification technology from Cortus AB. 

 

3.3 Problem 3 

The third aim is to calculate the economical difference between the biomass with facility price 

included and the natural gas fuel for the amount needed for the muffel furnace. 

In order to find an adequate cost for a biogas facility further literature study was completed to 

find references for calculations for facilities of this type. Based on this, an assumption for a 

facility that suits Höganäs was done. By assuming that the loan is 80 % of the facility cost and 
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that amortization are completed after 20 years a prediction for the loan and the interest for the 

first 20 years were done in Microsoft Excel. 

To calculate break even for the facility an equation was set up between the cost of nature gas 

per year and the cost of the facility with a specific fuel. See eq. (7) 

  (7) 

, were x is a specific year. 

3.4 Problem 4 

The fourth aim was to calculate the difference of other substance emissions that are not 

carbon dioxide when biomass was used instead of natural gas. 

Literature studies concerning the content of different substances in the biomass were done in 

order to measure other substance emissions that are not carbon dioxide. This was also 

discussed during the phone interview with Magnus Pettersson and therefore values that were 

required for solving this problem were received. To calculate the total amount of steam that 

was needed to produce the syngases, the mass balance for test plant WoodRoll from Svenskt 

Gastekniskt Center AB‘s report was used (figure 5.). 

 

Figure 5. Mass balance test plant WoodRoll®. 
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4. Results 

4.1 Carbon emission 

4.1.1 Sponge iron and iron powder production 

For a majority the activities presented in table 2 RAWMATMIX values for CO2- emission for 

a certain material or energy gas was used. For example, to produce 120 000 ton iron powder 

in one year, 60 000 000 kg coke breeze was consumed. The carbon emission for production of 

coke breeze is 0, 36 CO2 /kg. [25] Thus the total carbon emission for producing the coke 

breezes is shown in eq. (8) 

 

                   
  
   
  

                      (8) 

 

In the tunnel furnace the reduction occur according to figure 3. in the introduction. Based on 

this, the ratio between the iron ore and the CO2 is 1:4. I.e. for each mole iron ore there is 4 

mole CO2. Höganäs uses 180 000 ton iron ore per year, which is equal to 777 420 260 mole. 

With this values the total carbon emission from reduction of the iron or is equal to 136, 826 

ton CO2. (See appendix 1 for more detailed calculations).  During production of H2 also some 

CO2 is produced. The reduction is shown in equation (1) in the introduction. Based on the 

reduction, the ratio between methane gas and CO2 is 1:1, which gives a total carbon emission 

of 8 910 ton per year during production of H2. (See eq. (9) for calculations) 

 

                     

  
   

         
  

 
 
 
 
          

  

  
 

    

 
 

    

         

 
 
 
 
                 (9) 

 

Counting all of the activities that occur in the process a table that is shown below is acquired. 

The total sum of carbon emission per year is 237272, 9 ton. (See appendix 14 for more 

detailed calculations.) See how carbon emission is divided in to every step of the 

manufacturing process on table 3 and table 4. 
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Table 3. Carbon footprint divided in different activities during production of iron powder. 

Sponge iron and iron powder production  

Carbon footprint per 

year measured in tons 

Reduction mix of coke breeze and limestone    

Coke breeze 21 600 

Limestone 20 280 

Iron ore    

Iron ore, transport 12 355 

 Tunnel kilns, approx. 1200º C    

Reduction 136 825 

Methane gas (process) 23 023,44 

Methane gas (upstream) 2 298,24 

Belt furnace, approximately 800-900º C    

Reduction 0 

Methane gas (process) 9 694,08 

Methane gas (upstream) 967,68 

Hydrogen gas (Belt furnace, drying etc.)   

Hydrogen gas  0 

Hydrogen gas 8910 

Magnetic separation, grinding, crushing, storage, packing, 

screening, Equalizing   

Electricity 1,056 

Electricity 148,104 

Transport   

Transport of powder in the factory 56,1 

Transport of powder in the factory 0,4 

Upstream 
64412,376 

Process 169 746,7 

Total 
234 159,1 
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Table 4. Carbon mission for the sponge iron process divided in upstream and process.

 

Upstream Process 

Transport of powder in the 
factory Produce electricity 

0,4   

Transport of powder in the 
factory Comsuption of Electricity 

  56,1 

Electricity Comsuption of 
Electricity 

    

Electricity Comsuption of 
Electricity 

  148,104 

Electricity Produce electricity 1,056   

Magnetic separation, grinding, 
crushing, storage, packing, 

screening, Equalizing 
    

Hydrogen gas Produce hydrogen 
gas 

8910   

Hydrogen gas  Using hydrogen 
gas 

    

Methane gas (upstream) Produce 
Methane gas 

    

Methane gas (upstream) Produce 
Methane gas 

967,68   

Methante gas (process) 
Combustion 

  9694,08 

Reduction Reduction   0 

Methane gas (upstream) Produce 
Methane gas 

    

Methane gas (upstream) Produce 
Methane gas 

2298,24   

Methante gas (process) 
Combustion 

  23023,44 

Reduction Reduction   136825 

Iron ore, transport Transport iron 
ore 

    

Iron ore, transport Transport iron 
ore 

10355   

Limestone Produce limestone     

Limestone Produce limestone 20280   

Coke breeze Produce coke breeze 21600   
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4.1.2 Syngas 

To calculate how much biomass was needed calculations had to been to calculate how much 

syngas was required. Syngas is what is converted to Synthetic Natural Gas. The amount of 

Syngas was calculated by using the energy balance figure from Svenskt Gasteknik Center’s 

report (see figure 4 to see the energy mass balance from SGC report). The amount of biomass 

needed was the question, so calculations had to be done opposite of process flow. Therefore 

the amount of syngas will be calculated first to find the low heating value and then the amount 

needed.  

The different biomass contains different amounts of hydrogen, carbon monoxide, carbon 

dioxide and methane. To calculate the total energy the biomasses consist of the low heating 

value for each substance is required to be calculated. LVH for these substances are shown in 

Table 5. (See appendix 3 for LHV calculations)  

Table 5. Low heating value [MJ] per volume or weight for hydrogen, CO, CO2, Methane. 

Substance LHV [MJ/m
3
] LHV [MJ/kg] 

Hydrogen 10,87 121 

Carbon monoxide 12,65 11 

Carbon dioxide 0 0 

Methane 33 50 

 

By using the distribution of substances in Salix syngas (table 6.)  a total of 10, 66 MJ/ m
3
 is 

calculated. The total energy that is required is 172, 8 TJ (see appendix 14) which gives a total 

of 10 003 818 kg syngas. (See eq. (10) - (13) for calculation). Using the same method for 

Wine Cutting and Mix syngas a LHV 10, 68 MJ/m
3
 and 10, 86 is acquired. This gives a total 

of 10 220 918 kg Mix syngas and 10 259 973 kg Wine Cutting syngas. (See table 7). In table 

6, distribution of each substance in syngas can be seen. (See appendix 4 for more detailed 

calculations). 

                                      
  

               
  

     

 (10) 

       

        
                        (11) 
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     (12) 

                                              (13) 

Table 6. Distribution of each substance in every syngas 

Syngas H2 [% ] CO [% ] CO2 [% ] CH4 [% ] 

Salix 56, 3 30 11, 4 2,3 

Vine Cutting 57 27, 6 12, 4 3 

Mix 55, 9 28, 4 12, 2 3, 6 

 

Table 7. Low heating value of syngas and amount of syngas. 

Fuel LHV [MJ/Kg] Amount required syngas 

[kg] 

Salix 17.27 10 003 818 

Wine cutting 16,91 10 259 973 

Mix  16.84 10 220 918 

 

During combustion of syngas the reaction that was described in the introduction occurs. (See 

eq. (3). Based in that and the amount of syngas required for each fuel the carbon emission can 

be calculated. See eq. (13)-(17) for calculation of carbon emission during combustion of salix 

syngas. 

 

                                                           (13) 

                                                                (14) 

  

                                                
       

           

        (15) 

                              
       

                    (16) 
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(17) 

With the same calculations method (see appendix 5) a total carbon emission for Mix and 

Wine cutting are calculated to 6 075 ton and 6 197 ton. A table of carbon emission from 

syngas is shown in table 8.  

Table 8. Carbon emission for each fuels syngas.  

Syngas Carbon emission when combusted [ton] 

Salix 6 065 

Vine Cutting 6 075 

Mix 6197 

 

4.1.3 Pyrolysis gas  

From the energy balance in svenskt gastekniskt center AB’s report , and with an energy 

effectively of  90 %  during conversion from char to syngas gas and 63,6 % energy efficiency 

from pyrolysis gas to syngas, the pyrolysis gas energy is calculated to 76 032 GJ. Based on 

the mole ration between the different content in the pyrolysis gases, LHV I calculated to 12, 6, 

11, 8 and 12, 1 (see table 9). For detailed calculations, see appendix 6. 

Table 9. Shows molar ratio substances in the biomasses, molar mass and LHV. 

Biomass Mole ratio  Molar mass g/mole LHV [MJ/Kg] 

Salix CH2.30O1.20H2O0.10 35,3 12, 6 

Wine Cutting CH3.10O1.40H2O0.23 41,64 11, 8 

Mix CH2.15O1.05H2O0.11 32,93 12, 1 

 

Since the molar ration between C and CO2 is 1:1 during combustion (see reaction in the 

introduction) the total carbon can easy be calculated. See eq. (18) for calculation of carbon 

emission during combustion of Salix pyrolysis gas.  

           

    
  

  
  

  

                                                           (18) 
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 (19) 

                  
 

         (20) 

                

         
   

      
 

    

       
                (21) 

 

Using the same calculations as in eq. (18) – (21) for vine cutting and mix table 10. is acquired. 

Table 10. shows the carbon emission numbers with combustion in ton/year 

Table  10. Carbon emission for pyrolysis gas when combusted.  

Pyrolysis gas Carbon emission when 

combusted [ton] 

Salix 7 521, 5 

Wine cutting 6 808, 6 

Mix  8 396, 0 

 

4.1.4 Biomass 

According to the energy balance and earlier calculations a total energy content of 214 272 GJ 

is required to get enough syngas. With LHV for each biomass the weight of the biomass can 

be calculated. See eq. (22)-(23) for calculation of biomass gined from Salix. Thus that 

biomass has a water content of 5 %. However, this is not the actual biomass that is required. 

Since a biomass facility is drying the biomass from approximately 50 % water content to 5 %. 

Therefore this also has to be taken into consideration. Also a safety factor of 2 % was taken 

because of losses during transport and movements. See table 10 for LVH [26] and biomass 

required from each fuel. (For detailed calculations, see appendix 7) 

                  

        
  

 
 

  

                                         (22) 
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                     (23) 

 

 

Table 11. Low heating value for the biomasses and biomass in mass required.  

Biomass LHV  [MJ/kg] Biomass (50 % water and 

2 % safety factor) [ton] 

Salix 17, 1 24 284. 2 

Wine Cutting 16, 3 25 476, 0 

Mix 16, 5 25 167, 2 

 

When comparing the carbon emission during use of each fuel, figure (6) is acquired. The bars 

contain carbon emission during combustion of pyrolysis gas (the renewable fuels), transport 

and process. 

 

Figure 6. Total carbon emission in belt furnace with different fuels.  

 

Because of the biomass is a renewable energy source, combustion of both the pyrolysis gas 

and the syngas does not contribute to the carbon emission since they already are a part of the 

carbon cycle. This is taken into consideration in figure 7. The only carbon emission that is 
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included is the emission that occurs during transportation of the biomass. (For more detailed 

information, see appendix 15.) 

 

Figure 7. Carbon emission in belt furnace with consideration to the renewable energy sources 

Based on the amount of carbon emission that will be saved each year table 12 is created. 

Table 13. shows how much carbon dioxide could be saved by using a syngas solely instead of 

natural gas for the whole process. For table 12 and 13 these equations (24)-(27) below were 

used to calculate the values. First the amount of savings compared to the total amount of 

carbon dioxide/ year in eq. (24) is calculated which gives a 4, 3 %, presented for Salix. In eq. 

(25) total savings for just the belt furnace can be seen with and exchange rate of 0,945. 

Equation (26) shows how much could be saved if a 27 MW facility would be used 

considering that belt furnace has an exchange rate of 0, 94. On equation (27) the percent 

savings can be seen per year. (See appendix 8 and 9).  

For Salix: 

       

        
                   

       

    
                        (24) 

  

       

             
       

   

    
                                  (25) 

 

                     
   

    
                                  (26) 
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                        (27)  

Table 12. Carbon dioxide savings per year. 

Fuel type Carbon dioxide savings per 

year [ton] 

Percent carbon dioxide 

savings per year 

Salix 10 077, 6 4, 30 

Wine Cutting 9 482, 6 4, 05 

Mix 10 056, 4 4, 29 

 

Table 13. Carbon saving per year for a facility which covers the whole manufacturing 

process. 

Fuel type Carbon dioxide savings per 

year [ton] 

Percent carbon dioxide 

savings per year 

Salix 34 011, 9 14, 53 

Wine Cutting 32 003, 8 13, 67 

Mix 33 940, 3 14, 49 

 

 

4.2 Cost 

4.2.1 Cost of Natural gas 

With values collected from earlier calculations (see appendix 10) a total cost of natural gas 

per years is 1 327 126 euro. (See table 15). 

Table 14. Cost of natural gas with allowances, energy taxes and total natural gas price.  

Natural 

gas per 

year (1000 

m
3
) 

Carbon taxes per 1000 m
3
 

Natural gas (euro) 

Total carbon taxes per year 

(euro) 

5 147, 5 257, 819614 1 327 126 
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Table 15. KWh per year natural gas, energy taxes and total taxes per year. 

KWh per 

year 

Energy taxes per KWh (euro) Total energy taxes per year 

(euro) 

48 000 000 0,005351175 256 856 

 

Assuming that the energy needed is 172 800 (see table 1) and that the price is 0, 12 €/GJ the 

purchase cost is 20 736 Euro. It gives a total cost of using natural gas in the belt furnace for 

one year of 1 604 718 Euros.  

 

4.2.2 Facilities 

Since a capacity of producing 172, 8 TJ per year during 6000 hours is required the facility 

need to produce, i.e. have an outcome 8MW warm syngas. If the facility has to cover the 

whole natural gas demand the facility also need to produce energy for the tunnel furnace. This 

means an energy volume of 583.2 TJ per year, thus a facility of 27 MW.  

4.2.2.1 8 MW facility 

Using Cortus report a price of €13 000 000 for an 8MW facility is assumed. With a loan of 80 

% of the cost and an amortization of 20 years table 11 is acquired. With an amortization of € 

520 000 a loan and interest prediction for the first 20 years are shown in table 14. The total 

cost for the facility for a specific year can be calculated by adding the amortization and the 

given interest in table 16. In table 17 the yearly loan and interest prediction can be seen with a 

time of 20 years for amortization. 

Table 16. Investment and loan. 

Investment and loan  data Euro 

Total investment 13 000 000 

Loan (80%) 10 400 000 

Equity (20%) 2 600 000 

Amortization 20 years 520 000 

Interest 3,6 % 

 

Table 17. Loan and interest prediction for the first 20 years for the 8 MW facility. 
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Year 1 2 3 4 5 

Loan per year 9 880 000 9 360 000 8 840 000 8 320 000 

 

7 800 000 

Interest per year 374 400 355 680 336 960 318 240 299 520 

Year 6 7 8 9 10 

Loan per year 7 280 000 6 760 000 62 40 000 5 720 000 

 

5 200 000 

Interest per year 280 800 262 080 243 360 224 640 205 920 

Year 11 12 13 14 15 

Loan per year 4 680 000 

 

4 160 000 3 640 000 3 120 000 2 600 000 

Interest per year 187 200 168 480 149 760 131 040 112 320 

Year 16 17 18 19 20 

Loan per year 2 080 000 1 560 000 1 040 000 520 000 0 

Interest per year 93 600 74 880 

 

56 160 37 440 18 720 

 

4.2.2.1.1 Salix 

Price for Salix is 175 SEK/MWh. Even transport [27] needs to be taken in consideration. 

Based on the earlier calculations of the energy requirement a price for the biomass was 

calculated. By adding the cost for transport the yearly cost for salix was calculated to 1 

117 276 euro. (See appendix 11 for calculations). Thus the equation for calculating break-

even for a facility using Salix syngas is shown in Equation (28). 

          
            

  
         
      

 
          

                   
 

       
            

                   (28) 

This equation gives an x of 28. I.e. brek-even is reached 28 years after the facility is built. 

(See appendix 11 for further calculations) 

 

 

4.2.2.1.2 Vine Cutting 

The price for Vine Cutting is 0, 15 SEK/MJ [28] (biomass from Hungary) Assuming same 

energy required for Vine cutting and transport from Budapest with truck  the cost when using 



31 
 

 
 

Vine Cutting is 784 655 Euro per year. Thus the equation for calculating break-even is shown 

in Equation (29). 

          
            

  
         
      

 
        

                     
 

       
            

               (29) 

This equation gives an x of 21. I.e. break-even is reached after 21 years. (See appendix 11 for 

further calculations) 

 

4.2.2.1.3 Mix 

The price for wood residues is 190 SEK per ton and 170 SEK per ton for sludge. [29] [30] 

They are a distributed create the mix fuel by 70% wood residues and 30% sludge. Assuming 

25 167 ton required to cover energy requirement and transport from Jönköping to Höganäs by 

train a total cost of Mix-biomass per year is 499 154 Euro. Thus the equation for calculating 

break-even is shown in eq. (30). 

          
            

  
         
      

 
        

                 
 

       
            

               (30) 

This equation gives an x of 10. I.e. break-even is reached after 10 years. (See appendix 11for 

further calculations).In table 18, each biomass fuels years to reach breakeven between natural 

versus biomass fuel for gasification process. 

Table 18. Years to breakeven for using different biomass fuels. 

Biomass Years to break even with 

biomass versus natural gas 

Salix 35 

Wine Cutting 21 

Mix 10 

 

 

4.2.2.2 8 MW facility with double allowances, energy taxes and different natural gas price 

With a price of € 0, 5 per GJ a price of 86 400 Euro is acquired. With the double energy taxes 

and allowances the total cost for Natural gas per year is 3 254 366 euro. (See table. 19 and 20 
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for calculation results) This is just a scenario of what could happen in a near future when both 

taxes and natural gas prices goes up. See table 19 and 20 for exact values to compare to table 

14 and table 15. 

 

Table 19. Cost of natural gas with double allowances, energy taxes and different natural gas 

price.  

Natural gas per 

year (1000 m
3
) 

Carbon taxes per 

1000 m
3
 Natural gas 

(euro) 

Total carbon taxes 

per year (euro) 

5 147, 5 515. 6 2 654 253 

 

Table 20. KWh natural gas used per year, energy taxes and total taxes per year. 

KWh per year 

natural gas 

Energy taxes per 

KWh (euro) 

Total energy taxes 

per year (euro) 

48 000 000 0, 01070235008 513 713 

 

4.2.2.2.1 Salix 

With a cost of 3 254 366 euro using natural gas and with same purchase price for using Salix 

syngas as for the regular 8MW facility, the equation for calculating break-even can be seen in 

eq. (31) 

          
            

  
         
      

 
          

                   
 

       
            

                 (31) 

This equation gives an x of 3. I.e. break-even is reached 3 years after the facility is built. (See 

appendix 12 for further calculations) 

 

 

4.2.2.2.2 Vine Cutting 

As for vine cutting, the equation will be similar, only with different biomass cost per year. See 

eq. (32) 

          
            

  
         
      

 
        

                     
 

       
            

              (32) 
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This equation gives an x of 2. I.e. break-even is reached after 2 years. (See appendix 12 for 

further calculations) 

4.2.2.2.3 Mix 

With same assumption as for vine cutting and salix the equations for break-even is shown in 

eq. (33) 

          
            

  
         
      

 
        

                 
 

       
            

                  (33) 

This equation gives an x of 2. I.e. break-even is reached after 2 years. (See appendix 12 for 

further calculations). Table 21. shows that it takes only 2 years to reach breakeven for Vine 

cutting and Mix. (See appendix 12. for exact calculations) 

Table 21. Years to breakeven for using different biomass fuels. 

Biomass fuel Years to break even with 

biomass versus natural gas 

Salix 3 

Vine Cutting 2 

Mix 2 

 

 

4.2.2.3 27 MW facility 

This scenario was not a goal of this project but because it is interesting to further explore the 

possibility to use biomass instead of natural gas for the whole process some extra calculations 

will be presented here under. By using the cost for a 10 MW and a 15 MW [
31

] facility a 

prediction for what a 27 MW facility would cost were created. This cost is approximately 30 

988 489 euro. Same assumption as for 8 MW was taken; 80 % loan and amortization for 20 

years (see table 22), which gives a loan of 24 790 791 euro and a amortization of 1 239 539, 6 

euro. The total cost for the facility for a specific year can be calculated by adding the 

amortization and the given interest in table 23. 

 

 

 



34 
 

 
 

 

Table 22. Investment and loan. 

Investment and loan  data Euro 

Total investment: 30 988 489 

Loan (80%) 24 790 791, 2 

Equity (20%) 6 197 697, 8 

Amortization 20 years 1 239 539, 6 

Interest 3,6 % 

 

Table 23. Loan and interest prediction for the first 20 years for the 27 MW facility. 

Year 1 2 3 4 5 

Loan per year 23 551 252 22 311 712 21 072 173 19 832 633 18 593 093 

Interest per 

year 

892 468 847 845 803 222 758 598 713 975 

Year 6 7 8 9 10 

Loan per year 17 353 554 16 114 014 14 874 475 13 634 935 12 395 396 

Interest per 

year 

669 351 624 728 580 105 535 481 490 858 

Year 11 12 13 14 15 

Loan per year 11 155 856 9 916 316 8 676 777 7 437 237 6 197 698 

Interest per 

year 

446 234 401 611 356 987 312 364 267 741 
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Year 16 17 18 19 20 

Loan per year 4 958 158 3 718 619 2 479 079 1 239 540 0 

Interest per 

year 

223 117 178 494 133 870 89 247 44 623 

 

 

4.3 Emission of other substances 

4.3.1 Höganäs 

During the production of iron powder there is also emission of other substances not just 

carbon dioxide. These are mainly an effect of reduction of the iron ore since the iron ore 

contains many different substances. (See table 24). Furthermore Höganäs do not use NOx 

cleaning because the emission numbers are so low. Two different values were received for 

emission numbers during the iron powder manufacturing. [32] During production of syngas, 

the condensate water is produced as a waste which contains different substances. Based on 

Svenskt Gastekniskt Center AB’s values the content of the condensate water was collected, 

Note: The condensed water was produced during production of syngas from sawdust, not 

Salix, Vine cutting or Mix.  
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Table 24. Shows emission of other substances. Höganäs values, Svenskt Gasteknik Center 

values for the 8 MW facility and on the left the total values from the gasification system in the 

future.  

Substance 
Amount from each Substance based on 

the process at Höganäs  

SGC [23]  

Total 

Höganäs a 

SGC [23], 

[31] 

Nox (from tunnel 

furnace and belt 

furnace) 

1-3 ton/year [13] 
30,672 

ton/year 

32,672 

ton/year 

 Nox 72.7 [31] 
30,672 

ton/year 

103,372 

ton/year 

SOx (Sulphur oxid) 30 ton/year [13] 
0,368064 

ton/year 

30, 368064 

ton/year 

 SOx (Sulphur oxid) 
38.8 ton/year (Höganäs miljörapport, 

2013) [31] 
0,368064 

ton/year 

39,168 

ton/year 

mercury (tunnel 

furnace) 
1-3 ppm/year = 2,5 kg/year [31] 

0,00568 

kg/year  

2, 00568 

kg/year 

Zinc 1-2 ton/year[31] 
0,024538 

ton/year 

1,524538 

ton/year 

Arsenic 1-3 ppm/year = 2 kg/year  [31] 
0,66172 

kg/year 

2,66172 

kg/year 

Copper 19 kg/year [31] 
0,10508 

kg/year 

19,10508 

kg/year 

Lead 30 kg/year [31] 
0,67592 

kg/year 

30,67592 

kg/year 

Chrome 11 kg/year [31] 
0,23856 

kg/year 

11,23856 

kg/year 

Cadminum 1 kg/year [31] 
0,0284 

kg/year 

1,0284 

kg/year 

Nickel 36 kg/year [31] 
2,06184 

kg/year 

38,06184 

 kg/year 
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4.3.2 Biomass facility  

When producing syngas, there is emission of other substances that are not carbon dioxide. To 

see what kind of other emission substances there are see table 24. The natural gas [30] content 

analysis can be seen on table 25.  Naturla gas has low concentration of other substancesa and 

made upp by 94,45 % metahne. The condenaste from the gasification process to create 

biomass contians a higer amount of other pollutions. Table 24 shows the material anlysis for 

the saw dust’s condensate that is added to the left-middle side of the table (see under SGC). 

On the left side we can see the total increse for all the emission values. The steam needed to 

produce the syngases is calculated to be approximately 28,4 million per year. (See appendix 

16 for more detalied calulations) 

Table 25. Shows the natural gas contant of different substances for the march month in 2015.   

 

 

 

 

 

 

 

 

 

 

 

 

Methane CH4 
 

95,45 

Ethane C2H6 
 

2,53 

Propane C3H8 
 

0,42 

Normal Butane  
 

0,05 

C4H10 
 

0 

Ios-Butne C4H10 
 

0,04 

Normal Pentane  
 

0 

C5H12 
 

0 

Iso-Pentane C5H2 
 

0 

Hexanes Plus C6H14+ 
 

0 

Nitrogen N2 
 

0,88 

Carbon Dioxide CO2 
 

0,63 
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5. Discussion 

5.1 Discussion for problem one 
Problem one was to calculate the carbon emission number for the production of iron sponge 

powder at Höganäs. Höganäs does not include calculations for the amount of carbon dioxide 

emissions from the upstream process which this project.  

Carbon dioxide emitted per year during production of sponge iron powder was 234, 2 k ton. 

This value is around 34 k ton per year more than what the Höganäs Miljörapport showed. 

However Höganäs did not took transport and producing of raw materials into consideration 

(no upstream) which means only emission during the production was calculated. This could 

explain why Höganäs values was lower.  

The biggest impact on the carbon dioxide levels are caused by the reduction process in the 

tunnel furnace, around 137 000 ton emissions per year which is more than 58 % of the yearly 

emissions. This value is probably the largest because of the iron ore contain a lot of oxygen 

since its magnetite (Fe3O4). The only way to get rid of the carbon dioxide produced during the 

reductions is to take care of emission somehow by changing the process. If Höganäs cuts all 

emission sources of carbon dioxide to zero except the carbon emission during the reduction 

process, it would correspond to a CO2 decrease of 42 %. 

 

5.2 Discussion for problem two 

The amount of carbon dioxide that could be saved per year is around 9, 5-10 k ton per year. It 

is only 4 % of the total carbon emission during a year which is relatively low if the goal is to 

decrease the carbon emission by 40 % by 2020.  

The three fuels did not differ much in carbon emission numbers, mix was slightly higher. 

(Figure 6.)  This probably depend on that the mix’s pyrolysis gas has a lower molar mass than 

Salix and Vine cutting which gives a larger amount of syngas, thus more carbon dioxide. 

  

Table 7., only include carbon emission that is not a part of the carbon cycle . This means that 

the only source of emission when using biomass fuels is from transportation, drying and 

storing. 

  

Transportation for Vine cutting is longer which gives higher carbon dioxide emissions than 

for the other two fuels; Mix and Salix. Since Vine cuttings are bought from Hungary, the 
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transport distance is much longer relative to Salix and Mix that is bought in Sweden. This 

results in less carbon dioxide savings per year when using Vine cutting as fuel. 

The biomass with the lowest carbon dioxide value and therefore the one fuel that saves the 

most carbon dioxide is salix (willow) because of its high LHV and short transportation 

distance. 

Futhermore if renewable fuel was used solely in both furnaces only 13, 7-14, 5 % carbon 

emission could be saved per year. However it is more than three times more if renewable fuels 

only were used in the belt furnace. 

 

5.3 Discussion for problem three 

With investing in an 8 MW facility a break-even point could be reached in just10 years for the 

cheapest biomass fuel (Mix). For the most expensive fuels it instead took 35 years (Salix). 

Vine cutting reached break-even after 21 year. The reason to this is probably the differences 

in the price. Salix was almost 3 times more expensive than Vine cutting, which resulted in a 

higher price, thus longer time to reach break even. 

Also Vine cutting had a relative high total cost (Even though it had the lowest biomass price) 

depending in the high transport cost, approximately 50 % of the total cost. In contrast, mix 

does not have any notable prices. The transport cost is almost the same as for Salix and the 

price are at the same eves as for Vine cutting. It is remarkable that even if vine cutting had a 

very ling transport distance which resulted in a very high transport cost relative the other, is 

was not the most expensive. 

Furthermore, if a way to cultivate Vine cutting in Sweden was found, both the cost and the 

facilities pay-back period would decreased. In that case Vine cutting-fuel would have been a 

more certain choice since it required less amount to cover the energy desires which means 

lower transport cost if the transport distance is same for all. However, Vine cutting is 

relatively bulky which means is has to be chipped in order to attain low transport cost.  

  

Probably the energy taxes, the allowances for emitting carbon dioxide and the natural gas will 

not be stable during the following 20 years. Natural gas prices depend on the political 

situation, international conflicts, climate and basic market nature of supply and demand, and 

so do the energy taxes and allowances. During calculation taking this into consideration 

break-even changed drastically. Instead it took 2-3 year for the break-even to be reached. This 

clearly shows that a facility of this type would have a very big impact in the cost if energy and 
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carbon taxes would increase. Besides, the price for the different biomasses would not be 

stable either as the natural gas and the taxes. This was not considered in the calculation which 

shows that a break-even of 2-3 year is not adequate. For example the price of Salix has 

increased the last 15 years. Even with increased demand, the price will increase. Furthermore, 

the personnel cost was not taken into consideration, this will also have an effect on break-

even.  

  

A predication for a 27 MW facility was also done. A facility of this size would have a total 

cost of approximately 31 million euro. Because of no calculations for break-even was done it 

is hard to say when break-even would be reached. Considering previous calculations for the 8 

MW facilities the breakeven point would probably be around 20-30 years with the cheapest 

fuel, mix. With the increasing emission allowances and a higher natural price a shorter break-

even point could be reached on a shorter time period 

 

5.4 Discussion for problem four 

As shown in table 25 natural gas it relatively clean and when combusted it mostly emit water 

and carbon dioxide. Existing emissions of carbon dioxide will decrease when using biomass, 

which already is stated. In contrast, the condensed waste water that is produced during the 

syngas production will instead result in other substance emissions shown on table 24. That 

means that emission of other substances, like NOx,, lead, arsenic and mercury will increase. 

Today Höganäs are mixing the emissions with limestone and sell it as construction material. 

The drawbacks when using biomass it that emission of other substances increases, especially  

NOx. Further studies should be done on this area in order to understand the potential 

consequences of the increased emissions levels for other substances seen table 24.  

It is important to mention that values are for condensed water when produced syngas from 

saw dust, not Salix, Mix or Vine cutting. Therefore these values can show only some general 

clues and not specific numbers. But the assumption that the values would be similar for the 

three investigated syngases could be taken.  
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5.5 Discussion Round up 

Calculations showed that Mix fuel is the cheapest with a breakeven time of 10 years with the 

facility purchase price included. Mix was the second best fuel. It is recommended to make a 

proper analysis even for 27 MW facilities to calculate when breakeven would be reached. 

Based on the previous calculations the 27 MW using the Mix fuel would reach breakeven 

point after around 20-25 years. Therefore it is recommended to invest either in an 8 MW 

facility or a 27 MW facility using mix as fuel because after such a short period a breakeven 

could be reached. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 
 

 
 

6. Conclusion 
If Höganäs wants so reach the government’s Swedish environment goal to cut back on 

emissions with 40 % by 2020, something more than just a facility of this type has to be done. 

There could be made some initial carbon dioxide savings with investing in 8 MW facilities, 

but around three times more of investing in a 27 MW facility. Mix is recommended as fuel 

since it gives earliest break even and only around 20 ton more carbon emission than Salix 

(that have longest break-even time) in the 8 MW facility. If vine cutting could be cultivate in 

Sweden or somewhere nearby, it would have been a desired fuel. However, some further 

investigation should be done since no consideration to personnel cost or changes in the 

biomass prices were taken in the calculations. Even break-even calculation for the 27 MW 

facilities should be made. To reach the environment goal to decrease the carbon emission by 

21 % by 2020 a 27 MW facility would have a bigger impact. However, Höganäs have to 

consider the worth of 27 facilities benefits and the costs. 

Since the emission of other substances than carbon dioxide would increase if a facility was 

build, further investigations needs to be done in order to understand the impact on the 

environment. Even investigation how to handle the polluted condensed water has to be done. 
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Appendices 

Appendix 1 

Tunnel Furnace 

Fe3O4 + CO = 3FeO + CO2 

Mole Ratio    1: 1 = 1:1 

FeO + CO = Fe + CO2 

Mole Ratio    3: 3 = 3:3 

Means 3 mole for Fe 

Means 4 mole for CO2 

 

Fe3O4 = Molar mass = 55.845*3+4*16= 231, 535 

Mass/ mola rmass = mole = 180000*10^6 / 231, 535=777 420 260, 436 

Molar mass* Amount of substance =777 420 260, 436*3*55, 85 = 130256764636= 130, 258 

ton Fe 

Molar mass * Amount of substance =777 420 260, 436*4*44 = 136 825 965 837= 136, 826 

ton CO2 

 

 

 

 

 

 

 

 

http://tyda.se/search/mole?lang%5B0%5D=en&lang%5B1%5D=sv
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Appendix 2 

H2- production 

 

CH4 + 2H2O = 3H2 + CO 

 

Mole ratio 1:2 = 4:1 

 

2 CO + CO = CO2 

 

1 mole CO gives 1 mole CO2 

 

Nature gas 0, 81Kg/m
3
 

 

4 million m
3
 Hydrogen  

Volume = weight*density = 4*10^6 *0, 0899= 3 240 000kg = 3 240 000 000g 

 

Molar mass methane = 16 g/mole 

 

3 240 000 000 /16 = 202 500 000 mole 

 

202 500 000 *44 / 1 000 000 = 8 910 ton CO2 emission 
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Appendix 3 

LHV for each substance in biomass 

CH4 methane =35 MJ/m
2
 = 50 MJ/kg 

Density for CO = 1, 15 kg/m
3
 

CO => 3, 5 KWh/m
3
 = 3500 Wh = 3500 *3600 = 12, 6*10^6 J/m

3
 /1, 15 kg/m

3
 

= 10.9 MJ/kg  

H2 => 121MJ/kg = 101, 87 MJ/m
3
 

This are the low heating values for every substance that is are in this process. 

Low heating values for hydrogen is 121 (MJ/kg) 

Low heating values for methane is 50 (MJ/kg) 

Low heating values for CO is 11 (MJ/kg) 

Low heating values for CO2 is 0 (MJ/kg) 
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Appendix 4 

Syngas required 

Salix 

10, 87*0,563+12, 6*0, 3+33*0, 023=10, 66 MJ/ m
3
= 0, 01066 GJ/ m

3
 

m
3 

needed  172 800/0, 01066= 16 210 131, 33 m
3
 (cubic meters needed) 

Weight of the syngas 0, 6171337 kg/m
3
 

 16 143 497, 7578 * 0,6171337 = 10 003 818 Kg 

Mix 

0, 559*10, 87+0, 284*12, 65+0,122*0+0, 036*33= 10, 85693 MJ/m
3
 = 0, 01085692 GJ/m

3 

172 800/0, 01085692= 15 916 116, 1729 m
3
 (cubic meters needed) 

10, 85693/0, 6421741= 16, 9065211443MJ/kg 

0,559*0, 0899+0,284*1, 15+0, 122*1, 98+0, 036*0, 66 =0, 6421741kg/m
3 

 15916116,1729*0, 6421741 = 10 220 918 kg 

 

 

Wine cuttings 

0, 57*10, 87+0, 276*12, 65+0, 124*0+0, 03*33= 10, 6773 MJ/m
3
=0, 0106773 

172 800/0, 0106773 = 16 183 866.7079 m
3
 (cubic meters needed) 

0, 57*0, 0899+0, 276*1, 15+0, 124*1, 98+0, 03*0, 66= 0., 633963 kg/m
3
 

16 183 866, 7079 * 0, 633963 = 10 259 973 kg 
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Appendix 5 

Combustion of syngas  

H2 + CO + CH4 + 3O2   2CO2 + H2O 

 1   :   1     :    1    :    3     :     2     :   1 

Without CH4: 

H2 + CO + O2   CO2 + H2O 

 1   :   1    :    3     :     1     :   1 

Syngas 500 KWh –(400*0,9) = 140 KWh needed from pyroslysis gas 

90 % efficiency from char to pyroslysis gas 

63, 6363633 % for the  

Char energy 

172800*0, 72 = 124 416 

172800*0, 72/0, 9 = 138 240 GJ 

 

Salix syngas CO2 

1 kg gives: 

H2 CO CO2 CH4 

563 g 300 g 114 g 23 g 

281,5 mole 10,71 mole  0,522 mole 

 

Combustion with CH4: 

1 mole CH4 gives 2 mole CO2 

 0, 552*2 = 1, 044 mole CO2 

Combustion without CH4: 

 10, 71-0, 522 mole CO left = 10,188 mole 

1 mole CO gives 1 mole CO2 

 10, 188 mole CO 

http://tyda.se/search/efficiency?lang%5B0%5D=en&lang%5B1%5D=sv
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Total: 11, 232 mole CO2   4, 94208*10
-4

 [ton] CO2 / kg syngas  

CO2 content in gas gives 1, 12*10
-4

 [ton] CO2 / kg syngas 

Total carbon emission 

10 003 818*(4, 94208*10
-4

 +1, 12*10
-4

) = 6 065 [ton] 

 

Wine cutting syngas CO2 

1 kg gives 

H2 CO CO2 CH4 

570 g 276 g 124 g 30 g 

285 mole 9, 957 mole  0, 68 mole 

 

Combustion with CH4: 

1 mole CH4 gives 2 mole CO2 

 0, 68*2 = 1, 36mole CO2 

Combustion without CH4: 

 9, 957-0, 68 mole CO left = 9, 277 mole 

1 mole CO gives 1 mole CO2 

 9, 277 mole CO 

Total: 10, 637 mole CO2   4, 68108*10
-4

 [ton] CO2 / kg syngas  

CO2 content in gas gives 1, 24*10
-4

 [ton] CO2 / kg syngas 

Total carbon emission 

10 259 973*(4, 68108*10
-4

 +1, 24*10
-4

) = 6 075 [ton] 

 

Mix syngas CO2 

1kg gives 

H2 CO CO2 CH4 

559 g 289 g 122 g 36 g 

279, 5mole 10, 143mole  0, 818 
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Total: 10,143 + 0,818 mole 4, 82292*10
-4

 [ton] CO2 / kg syngas 

CO2 content in gas gives 1, 24*10
-4

 [ton] CO2 / kg syngas 

Total carbon emission 

10 220 918*(4, 82292*10
-4

 +1, 24*10
-4

) = 6 197 [ton] 
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Appendix 6 

Pyrolysis gas 

Syngas 500 KWh –(400*0, 9) = 140 kwh needed from pyroslysis 90 % efficiency for the char 

pyrolysis 

63, 6363633 % for the  

Char energy 

172 800*0, 72 = 124 416 

172 800*0, 72/0, 9 = 138 240 GJ 

 

Pyrolysis gas energy 

1728 00*0, 28= 48 384 

172 800*0, 28/0, 63636363663636363636 

76 031, 9999674 GJ 

Reaction when combusting pyrolysis gas 

                  

Mole ratio           1   :   2   :   3   :      2    :   1  

 

When the carbon is consumed, no CO2 will be produced 

 

Salix 

1*12+2, 3*1+1, 2*16+0, 1*18 = 35, 3 g/mole 

Energy in pyrolysis gas: 76 031 999 MJ 

Salix pyrolysis gas LHV: 12, 6 MJ/kg 

 6 034 285, 635 kg  6 034 285 635g  170 942 935, 8 mole pyrolysis gas 

1 mole pyrolysis gas contain 1 mole C  1 mole CO2 

170 942 935, 8 *44/10
6
 = 7 521, 5 [ton] 

http://tyda.se/search/efficiency?lang%5B0%5D=en&lang%5B1%5D=sv
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Vine cutting 

1*12+3, 1*1+1, 4*16+0, 23*18 = 41, 64 g/mole 

Energy in pyrolysis gas: 76 031 999 MJ 

Salix pyrolysis gas LHV: 11, 8 MJ/kg 

 6 443 389, 746  kg  6 443 389 746  g  154 740 387, 8 pyrolysis gas 

1 mole pyrolysis gas contain 1 mole C  1 mole CO2 

154 740 387, 8*44/10
6
 = 6 808, 6 [ton] 

 

Mix 

1*12+2, 15*1+1, 05*16+0, 11*18= 32, 93 g/mole 

Energy in pyrolysis gas: 76 031 999 MJ 

Salix pyrolysis gas LHV: 12, 1 MJ/kg 

 6 283 939, 281 kg  6 283 939 281 g  190 817 986, 1 mole pyrolysis gas 

1 mole pyrolysis gas contain 1 mole C  1 mole CO2 

190 817 986, 1 *44/10
6
 = 8 396, 0 [ton] 
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Appendix 7 

Biomass required 

138 240 (energy char) +76 031, 9999674 (energy pyrolysis gas) = 

Total:  214 271, 999967 GJ from Start 

Salix 

(214 271, 999967*10^9) / (17, 1*10^6) = 12 530 526, 3139 kg 

(214 271, 999967*10^9) / (17, 1*10^6)*0, 95/0, 5 =23 807, 9999963 ton = (With a safety 

factor of 2 %) = 24284, 1599962 ton amount of biomass 

Mix: 

(214 271, 999967*10^9) / (16, 5*10^6)*0, 95/0, 5 = 24 673 745, 4507kg = 24673745, 4507 

kg = (With a safety factor of 2 %) = 25 167, 2203597 ton amount of biomass 

Vine Cuttings: 

(214 271, 999967*10^9) / (16, 3*10^6)*0, 95/0, 5= 24976490, 7937 kg = 24 976, 4907937 

ton = (With a safety factor of 2 %) =25 476, 0206096 ton amount of biomass 
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Appendix 8 

Percent carbon dioxide saving per year (whole production) 

 

237 272, 9 ton for the whole production. 

Salix 

Carbon savings per year: 10 077, 6 ton 

10 077, 6/237 272, 9  4.25 % 

Vine cutting 

Carbon savings per year: 10 077, 6 ton 

9 482, 6/237 272, 9  4, 00 % 

Mix 

Carbon savings per year: 10 077, 6 ton 

10 056, 4/237 272, 9  4, 24 % 
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Appendix 9 

Carbon dioxide savings per year if using biomass to cover both 

furnaces  

Salix 

10 077, 6/234159,1 4,30% 

Present saving in belt furnace 

10 077, 6/ (9 694, 08+967, 68)  94, 52 % 

94, 52 % of the total carbon emission from the furnaces can be saved (combustion of natural 

gas)  

 

Total emission for combustion of natural gas in the furnaces: 9 694, 08+967, 68+23 023, 44+2 

298, 24 = 35 983. 44 ton 

35 983, 44 * 0, 945 = 34 011, 9 ton 

34 011, 9/ 234 159,1 

 14, 525124157 % of total  

 

Vine cuttings 

9 482, 6 /234159, 1  4, 05 % 

Present saving in belt furnace 

9 482, 6 / (9 694, 08+967, 68)  88, 94 % 

88, 94 % of the total carbon emission from the furnaces can be saved (combustion of natural 

gas)  

Total emission for combustion of natural gas in the furnaces: 35 983, 44 ton 

35 983, 44 * 0, 889 4 = 32 003, 8 ton 

32 003, 8 ton/ 234 159,1 

 13, 667544844 % of total  
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Mix 

10 056, 4/234159,1  4, 28 

Present saving in belt furnace 

10 056, 4/ (9 694, 08+967, 68)  94, 32 % 

94, 32 % of the total carbon emission from the furnaces can be saved (combustion of natural 

gas)  

Total emission for combustion of natural gas in the furnaces: 35 983, 44 ton 

35 983, 44 * 0, 943 2= 33 940, 3 ton 

33 940, 3 / 234 159, 1 

 14, 494546656 % of total 
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Appendix 10 

Cost of natural gas  
 

Energy required 172 800 

Price natural gas (from RAWMATMIX): 

0, 12 €/GJ 

 

0, 12 * 172 800 = 20 736 Euro 

It gives a total cost of using natural gas in the belt furnace for one year of 1 604 718 Euros if 

allowances and energy taxes are added. 

 

With higher price 

0, 50 €/GJ 

0, 5 * 172 800 = 86 400Euro 

It gives a total cost of using natural gas in the belt furnace for one year of 3 254 366 Euros if 

allowances and energy taxes are added. 
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Appendix 11 

Cost for 8 MW facility 

Salix used in 8 MW facility and cost and break even 

Price: 175 sek/MWh 

MWh required: 59 520  the biomass need to have a energy content of 214 271, 999967 GJ) 

Willow – price 1 114 756 Euro 

(Transport cost (24284 ton):  2 519 Euro 

Total cost when using Salix biomass per year 

1 117 276 euro 

 

Equation 

Cost after 20 years 

Using Salix biomass: 39 276 720+ 1 117 276x 

Using methane: 32 094 360+ 1 604 718x 

32 094 360 + 1 604 718x = 39 276 720+ 1 117 276x 

 …  X= 14, 73 

 

 Break-even will be reached 14, 7 years after 20 years. I.e. 35 years after the facility is built. 

 

Wine Cutting used in 8MW facility and cost and break even 

0, 015 sek/MJ (biomass from Hungary) 

MJ required: 214 271 999, 967 

Wine Cutting price: 350 320 Euro 

Transport cost (24 576 ton, Truck from Hungary):  434 335 Euro  

Total cost when using Wine Cutting biomass per year: 784 655 Euro (+ amortization (20 first years) + 

interest) 

Cost methane per year =1 604 718x 
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Equation 

1 604 718x = 2 600 000 (Equity) + 784 655x + 520 000 (first 20 years) + interest(x) 

 

After 20 years 

cost with Methane: 32 094 360 

cost with Wine Cutting: 32 624 300 

 

32 094 360 + 1 604 718x= 32 624 300+784 655 x 

 X = 0, 65 

 

Break-even will be reached 21 years after the facility is build. 

 

Mix  

25 167, 2203597 ton is the amount needed for the Mix. 

Wood residues which are 70 % costs 190 SEK /ton  

25 167, 2203597 *0, 7 = 17 617, 0542518  

 

17 617, 0542518 *190 = 3 347 240, 30784 SEK* 

 

* this is the costs for 17617.0542518 ton Wood residues with a price of 190 SEK/ton 

in Euro = 358 914, 352 Euros 

 

The amount of sludge needed: 7 550, 16610791 ton  

 

Price for sludge is 170 kr/ton which gives a price of 1 283 528, 23834 Sek 

In Euros = 137 628, 812 Euros 

 

Price for Mix is = 496 543 with 30 % sludge and 70 % wood residues. 

 

Transportation costs are: 2 611 Euro 

 

Total cost per years for mix is: 499 154 Euro 

Cost with Mix biomass: 2 600 000 (Equity) + 499 154 (biomass (mix) per year) + 520 000 

(amortization first 20 years) + interest (first 20 years) 
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Equation 

1 604 718x = 2 600 000 + 499154x + 520 000x + interest(x) 

After 9 years 

Cost methane gas: 14 442 462 

Cost biomass: 14 468 066 

After 10 years 

Cost methane gas: 16 047 180 

Cost biomass: 15 693 140 

 Break-even is reached. 

 Break even after 8 years 
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Appendix 12 

Cost of 8 MW facility with the double allowances and energy taxes 

and 0, 5 euro per GJ natural gas 

Cost natural gas 

Price natura gas (from RAWMATMIX): 

0, 5 €/GJ 

0, 5 * 172 800 = 86 400 Euro 

Natural gas per year 

(1000 m
3
) 

Carbon taxes per 

1000 m
3
 Natural gas 

(euro) 

Total carbon taxes 

per year (euro) 

5 147, 5 515. 6 2 654 253 
 

KWh per year Energy taxes per 

KWh (euro) 

Total energy taxes 

per year (euro) 

48 000 000 0, 01070235008 513 713 
 

It gives a total cost of using natural gas in the belt furnace for one year of 3 254 366 Euros. 

 

Salix used in 8 MW facility and cost and break even 

Total cost when using Salix biomass per year (same for both scenario) 

1 117 276 euro 

 

Equation 

3 254 366x = 2 600 000 (equity) + 1 117 276X + 520 000x (amortization) + interest (x) 

 

Cost after 2 years 

With Salix biomass:  6 604 632 

with natural gas:  6 508 732 

Cost after 3 years 

With Salix biomass: 8 578 868 

with natural gas:  9 763 098 

The cost for the facility will be less than if natural gas was used  pay-back in 3 years 
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Wine Cutting used in 8MW facility and cost and break even 

Total cost when using Wine Cutting biomass per year: 784 655 Euro (+ amortization (20 first 

years) + interest) 

 

Cost methane per year (euro) = 3 254 366 

 

Equation 

3 254 366x = 2 600 000 (equity) + 784 655 x + 520 000x (amortization) + interest (x) 

 

After 1 year 

Cost with natural gas:  3 254 366 

Cost with Wine Cutting:  4 279 055 

After 2 years 

Cost with natural gas:  6 508 732 

Cost with Wine Cutting:  5939390 

The cost for the facility will be less than if methane was used  pay-back in 2 years 

 

 

Mix  

 

Total cost per years for mix is: 499 154 Euro 

Equation 

3 254 366x = 2 600 000 (equity) + 499 154 x + 520 000x (amortization) + interest (x) 

After 1 year 

Cost with natural gas:  3 254 366 

Cost Mix:   3 993 554 

After 2 years 

Cost with natural gas:  6 508 732 

Cost Mix:   5 368 388 

The cost for the facility will be less than if methane was used  pay-back in 2 years 
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Appendix 13 

Transcript interview with Magnus Pettersson at höganäs  

 

 Vad har järnmalmen för sammansättning? (Hur många procent magnetit och hematit) 

Slig Anrikad malm från LKAB: grus som faller i samband med tillverkning av pellets 

99 % eller mer magnetit så det innehållermerän deras pellets. Så det finns ingen hematit att 

prata om det här fallet. 

 

 Vad är fuktighetsgraden för kalk, kol och järnmalmen innan och efter torkningen? 

Fukthalten varierar beroende väder och temperaturen och annat vid vintern och sommaren. 

Före torkning 2-6/7 % ligger  

Magnetit torkas i eltork  

Koks fukthalten är hemligt.  

Efter: malm = 0 reduktionsmix = hemlig 

Torkas med restenergin. Tunnelugnens restenergi används och spetsas med naturgas vid 

uppstart och eller om processen inte går. 

 

 Används restvärme till torkning av järnmalmen och reduktionsmixen? 

Restvärme het luften 500-550 grader som tar med sig fukten ut och svalnar.  

Lite naturgas. Ingen kondenserad kylning och rest vattnet går bara ut.  

Enstaka megawatt. 

6000h/per år går hela processen 

 

 Hur transporteras restvattnet ifrån malmen och reduktionsmixen bort? 

Går med torkgasen ut, 450 till 100 grader 

 

 Hur mycket energi krävs per ton tillverkat järnpulver i bandugnen/tunnelungen och 

muffelugnen? 

Väldigt kraftigt beroende av hur mycket som tillverkas 

X energi per ton y kapasitet blir som ett u 

120 000ton/år  

Max 135 000ton/år mer är det ingen ekonomi eftersom då koster det med är att tillverka 

Minst 100 000ton/år då släcks helt för att energin kostnaden blir för hög annars.  

Från att det torskas till krossning av järnsvampen kan variera mellan under 1000 kWh till 1200 

kWh per ton tillverkad (innehåller el och naturgas) 

150 kWh el resten är naturgas 

180 000 -200 000m malm för 120 000 

Bandugnen- återvinning av material-skrot 

Från krossning till ett pulver (medelvärde) 

400 kwh naturgas per tontillverkat pulver 

 172, 800 TJ energi i muffelugnen 

70 kwh el laling pumpar siktar 

Ej inkuderat vätgas 
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 Vad är sammansättningen på pulvret efter tunnelugnen? 

Järn 98.00-99 % 

Restoxider 

bergarter 

Svavel 

Grundämnen ex vanadin 

 

 Hur mycket energi drar siktningen? 

Obefintlig jämfört med malning och siktning 

 

 Energi för att transport runt materialet? 

Förhållandevis liten 10 GWh per per år 

 

 Hur stor mängd vätgas används per ton tillverat järnpulver? 

2-3 kg per ton tillverkad  

Vissa under 1 och andra 5-6 kg 

 

 Hur lång är totala tillverkningstiden för järnpulver? (Om astaloy och distaloy ej räknas 

med) 

Processtid enstaka dagar 

Tunnelugn 2 dygn 

Bandugn: några timmar 

 

 Vad är kylzonen i muffelugnen och vad har den för funktion? 

Kyla…, Vattenkylning 

 

 Har ni gjort någon beräkning på vad koldioxidutsläppet är för producering av 

järnpulver tidigare? 

Tunnel. 170 000 -180 000 ton co2 

200 000 ton CO2 

 Finns det utsläpp av andra ämnen: 

 

 Vid torkning? 

Fukten 

 

 Krossning? 

Inga utsläpp (stoft) 

 

 Malning? 

Inga utsläpp (stoft) 

 Tunnelung? 

Tunnel: ppm nivåer, kviksilver 
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1200 grader- svavel i kolråvaran (liten använsa ren koks: svevelinnehll 2,5 

fast för högan’ns en bråkdel) 

Rökgasfilter 

30 ton svaveloxider per år 

Antal ton nox per år 

 

Inge utsläpp- deponi (försöker sälja) om man blandar med kalk får ma ett 

material som man försöker sälja som konstruktionsmaterial. (Bergarterna är 

inte enskilt intressanta). 

 

 Belt-/muffelfurnance? 

Lite nox 

1100 grader 
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Appendix 14 
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Appendix 15 
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Appendix 16 

Steam Calculation from Syngas production 

 

To calculate the steam needed to produce the syngas 

By using the energy balance diagram from SCD rapport: 

Pyrolysis gas is 85 kg 

Condensate fuel is: 390 kg  

The amount of Pyrolysis gas for the 8 MW facility produced is around: 6.2*10^6 kg (This is 

the average Pyrolysis gas value for the three different fuels)  

=(390*(6.2*10^6))/85 = 28,44*10^6 kg Condensate air received 

 

 


