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Abstract 
This paper is researching different kinds of biomass based fuels and contains a case study of a 

reheating furnace, furnace 301, at SSAB. The purpose was to find out which type of bio fuel was best 

suited for the furnace application. An experiment at KTH in Sweden was observed to better 

understand the process of creating a gas fuel from pellets and a mass balance was done to show the 

difference between using a new kind of bio mass based fuel and the current use of liquid petroleum 

gas.  

Results from the experiment and mass balance show that syngas is the fuel best suited for furnace 

applications as well as a general idea of how to integrate it into the furnace design. Three enlarged 

gasifiers, with a fuel output of 32 MW, will be needed to meet the requirements in an industrial 

application. If furnace 301 at SSAB would be active all year around with no stops in the production, 

an amount of 153760 ton pellets will be needed per year which is equal to 367407 tons of wood per 

year.  
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1. Introduction 
Sweden’s steel industry contributes a great deal to the nation’s CO2 emissions. During 2010, the 

steel plants in Sweden emitted an amount as high as approximately 6 Mton CO2 per year, which 

was 9,6% of Sweden’s total emission of CO2 that year.[12] The purpose of this project is to 

research and evaluate the use of biomass based fuels in reheating furnaces in steel plants. If 

biomass based fuels were to be used in a large scale, in steel plants, the environmental effects 

would be reduced. 

The things that are needed to be taken into consideration are how the different biomass based 

fuels compare to fossil fuels in terms of combustion values, viscosity, if any other gases are 

formed etc. Of course the effect of fuels on the surfaces and material properties of the steel 

work pieces also needs to be considered. 

What currently drives the research in this area is that the biomass based fuels have less price 

volatility and are potentially cheaper in the future. 

Biomass is a kind of material that has a biological origin that has not been converted chemically 

or biologically.[17] This includes every biological material such as animals and plants. When 

speaking of biomass as an energy resource mostly trees, residue flows and agricultural crops are 

referred to.[7][19]When producing energy, using biomass as a resource, the product is called 

bioenergy or biofuel. The biomass is combusted, which makes it possible to extract and produce 

heat and electricity and by doing so, it is possible to replace oil as a fuel. [17][19] When the 

biomass is being combusted, carbon dioxide will be emitted. The reason why biomass is 

considered as a renewable source is because, unlike fossil fuels, no carbon has been added to the 

biosphere that was not already there. The emitted carbon dioxide consists of the same carbon 

atoms that the plants were using while growing, also known as photosynthesis. Hence it is a cycle 

and therefore a renewable resource. [7][19] 
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1.1 Reheating furnace in steel plants 
Steel that is transported from a production plant to another location, for instance a facility for 

annealing, requires reheating as they are transported cool. The two reheating furnaces at SSAB 

operate at a rate of 300 t/h of steel and at 128.1 MW. The steel is rolled in from one end of the 

furnace and heated continuously along the furnace and reaches a temperature of 1250 °C. [6] 

Demands of increasing strength and a will to increase productivity require an improvement in 

furnace operations. At the same time the environmental aspects have to be taken into 

consideration. This can be done by introducing a new section of the furnace with biofuel 

combustion. 

  

Figure 1 Layout of furnace 301 at SSAB. [15] 

The furnace is divided into 8 operating zones with burners of varying capacity. The zones operate 

at different efficiencies and so require different amounts of fuel to function properly.  

The furnace operates at a max capacity of 128 MW.  This stated capacity includes both the 

calorific value of the fuel and the preheating of the fuel and oxygen which is done prior to 

combustion. The heat flux of each component is shown in figure 2. 
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Figure 2 Shows a heat balance for the furnace 301 at SSAB. [15] 

The heat losses for the furnace are 11.7 MW but when operating with a different fuel with a 

smaller calorifc value, a larger volume of gas is required and so the heat losses will also increase. 

This needs to be taken into consideration when observing the total efficiency of the furnace. 

When biomass based fuels is used in the furnace, the total amount of exhaust gases of the 

furnace will be slightly larger because the amount of energy transferred into the steel slabs 

needs to be the same in both cases. 

2. Objectives 

2.1 Emission problems 
With increasing CO2 -, NO(x) - and SO2 emissions all around the world, different measures must be 

taken to lower the emissions. Customers and consumers are getting more aware of the 

environmental problems being faced in today’s world and are able to influence the market by 

selecting products which is produced in a way that is environmentally friendly. The steel industry 

of Sweden has set common environmental goals which they are working towards to achieve.  

Even if these goals would seize to exist, the companies would still be performing environmental 

work. [10]  
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Table 1 Emissions from steel plants in Sweden. 

Emission Amount [ton] Percentage of total 

CO2 5 945 761 9,6% 

SO2 7 808 11% 

NO(x) 5783 1,9% 
Table: Numbers from year 2010, Sweden.[12] 

 

2.2 Economic aspects 
The steel industries in Sweden are now looking for alternative fuel to use in their production. 

One incentive is the high emission tax. The taxes have been reduced for industries using other 

fuels than gasoline and high taxed oil in production. This reduction gives a 70% reduction of the 

energy tax and a 100% reduction of the carbon dioxide tax.[13] 

2.3 Objectives for this work 
This report will contain a: 

 Case study of the furnace 301 at SSAB, Borlänge. 

 Evaluate different kinds of biofuels and the objective is to decide which fuel is best suited for 

the furnace application and find a way of integrating this new type of fuel with the furnace 

301.  

 Gasification experiment at KTH. 

 A mass and heat balance for a theoretical situation with a larger gasifier.  

3. Methodologies 

3.1 Literature study of various biofuels 

3.1.1 Biomass as an alternative fuel 

On a tree, the stem is often containing only half of the biomass and therefore, much of the 

biomass is left in the forest after logging, such as tree stumps. The tree stumps contains about 

20% of the biomass of the tree. There is a difference between pine trees and spruce since the 

pine has got less branches than the spruce and therefore the distribution of the biomass is 

different. The pine has fewer branches, which is why the pine has a larger amount of the total 

percentage of biomass in the stem than the spruce. [14] 

Forest cubic meter is a measurement that is used to determine the volume of timber. The 

measurement is including the tops of the trees and the bark, but it does not include branches. 

Forest cubic meter may be written as M3fo. [16][18] The dry density of a spruce is approximately 

400 kg/m3. Assuming that a normal spruce would be one M3fo and the spruce would be 

consisting 60% of the total mass in the stem and the remaining mass consists of the stump, the 

branches and the fir needle. [14] 
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3.1.2 Gas fuels 

Syngas 

The name syngas is derived from the use of the gas as an intermediate in creating other 

chemicals and synthetic natural gas. [3] The syngas that is produced in the gasification processes 

of biomass consist of CO, H2, and smaller amounts of methane and inert gases. Depending on the 

gasification process the amounts of CO and H2 differ. Depending on what gas is used in the 

process the amount of methane, inert gases and sometimes steam vary. [11] 

Syngas can be used in a variety of applications including creating electricity, being refined into 

liquid fuels, being refined into hydrogen or being refined in to synthetic petroleum. [22] [3] 

Hydrogen gas  

Hydrogen gas is a very environmentally friendly fuel as it releases no greenhouse gases. It can 

also be produced from several sources. The main difficulty with this type of fuel is the cost of 

producing it and the energy content is much less than that of gasoline. [27] 

Biogas 

Biogas is produced via the organic decomposition of biomass with the help of bacteria. It consists 

mainly of methane and CO2 but also small quantities of nitrogen, hydrogen and sulphide.  

The process of creating biogas is sometimes difficult as some biomass can’t be decomposed with 

bacterial enzymes. [11] 

3.1.3 Liquid fuels 

Alcohols 

Bioethanol is produced by fermenting sugar or crops rich in starch. Bio methanol is possible to 

produce via thermo-chemical degradation of lingo-cellulosic materials. 

Bioethanol is used as a fuel in alcohol/gasoline blends and blends of around 10% bioethanol in 

vehicular combustion shows decreasing emissions of NOx, CO and HC.[2] Blends over 20% 

bioethanol presents other problems though, such as corrosion in engines and increasing amounts 

of other emissions such as aldehydes. [2] 

Bio methanol is produced from synthetic gas or biogas. Methanol can be used for combustion by 

itself or in different kinds of fuel blends. Other than that, bio methanol can be used for making 

biodiesel. The cost of producing methanol is high so producing bio methanol is only done with 

waste biomass. [2] 

Biodiesel 

Biodiesel is essentially different kinds of seed oils that have gone through transesterification. This 

process removes glycerides from the fat chains and replaces them with methyl or ethyl groups. 

[2] 

Studies on biodiesel on engines show moderate reduction in every pollutant gas except a minor 

increase in NOx. 

MFA  

Mixed fatty acids are a common term for a mix of bio oils. The source of the bio oil is not 

necessarily from plant sources but could be from animals as well.  

One of the problems with using this as a fuel is the seasonal change in properties. MFA from 

spring crops will not be the same as that of the autumn crop. It will also not be the same when 

using different kinds of plants or animals. It is difficult to obtain consisting properties throughout 
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the year. [11]  

The combustion of this kind of fuel is similar to that of ordinary oil for combustion although the 

increased maintenance costs and contaminations related to using this fuel is a problem. [11] 

Bio oil  

This kind of oil is produced by putting regular biomass through a “fast pyrolysis” process where 

the biomass breaks down into char and releases volatile gases. The volatile gases is then 

condensed which produces the bio oil (or pyrolysis oil).  

This oil is insoluble in petroleum based products and has low combustion values. The properties 

also vary depending on what you used to create the oil which is another problem. 

Glycerol 
Glycerol is a molecule which is simple and it is formed as a waste product when producing 
biodiesel. Bio glycerol is easily accessed because of the large amounts available due to the large 
production of biodiesel. The demand on bio glycerol is considerably low which lowers the bio 
glycerol's price.  
The difference in quality in raw material and production and also a low heating value as well as 
the high amount of ash will all be creating problems such as flame stability and slagging when 
combusting bio glycerol. It is possible to use bio glycerol as fuel but it is not preferable. [11] 

3.1.4 Solid fuels 

Pellets 

Pellets are created from general bio waste such as sawdust or other wood wastes. It is 

environmentally friendly since the CO2 emissions are basically zero. However the pellets take a 

long time to combust and ash is formed during the combustion. 

Table 2 Heat values and ash content for various fuels. 

Fuel Lower heating 
value [MJ/kg] 

Higher heating 
value [MJ/kg] 

Calorific value 
[MJ/Nm3] 

Ash content  Ref. 

Hydrogen 120,21 142,18 10,8 - [8] 

Natural gas 47,141 52,225 36,6 - [8][23] 

Gasoline 43,448 46,536 - - [8] 

Ethanol 26,952 29,847 - - [8] 

Methanol 20,094 22,884 - - [8] 

Syngas 4-5 - 10-12 8-100 mg/Nm3 
(tar content) 

[11] 

Combustion oil 5 ~41,6 - - 0,02 wt% [26] 

Bio oil 13-18 - - <0,02 wt% [11] 

MFA 36-38 - - 0.1 wt% [11] 

Biodiesel 37,528 40,168 - - [8] 

Glycerol 15-17 - - >5 wt% [4][1] 

Pellets 16-18 - - 0,3 wt% [9] 

Subbituminous 
coal 

22,732 23,968 - 8,7 wt% [8] 

Bituminous coal 26,122 27,262 - 21,9 wt% [8] 
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3.1.5 Conclusions of biomass survey 

For the solid and liquid biofuels the problem of seasonal difference occurs. The crops used in the 

production of each fuel vary in composition and heating values depending on the season which 

results in varying burner efficiencies that are hard to predict. Other types of fuels are better 

suited for reheating furnaces. 

Hydrogen gas shows similar calorific values and the byproduct of combustion are clean water so 

it would be the optimal fuel for any combustion. The cost of producing hydrogen gas is too high 

to be considered in steel production as it is a very competitive business and the costs need to be 

reduced to a minimum. Another aspect of hydrogen combustion is that the combustion flame is 

small and intense and not very applicable in heating up large slabs of steel. 

Natural gas shows calorific values about three times higher than syngas but as it is not a 

renewable kind of fuel it will not be considered as a viable fuel source for reheating furnaces in 

this report. 

Bio gas would be a viable candidate for use in reheating furnaces but because bio gas can’t be 

produced from all sources of biomass it is not preferable. 

Syngas shows the highest calorific values of the renewable fuel sources in comparison to the cost 

of creating it and the composition does not vary with season provided that the biomass is 

pretreated. Using any of the other fuel types complicates it as the properties might differ 

depending on the season or that the fuel itself is not renewable. Syngas is the most viable fuel 

source to use for reheating furnaces. 

3.1.6 Gasification process 

 

 

Figure 3 The general layout of a gasification process. [28] 
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A general description of the gasification process is this: biomass is put into a chamber whereas a 

preheated mixture of oxygen, steam, air or a mixture of them is pumped into the system. The 

gasification of a biomass particle consists of four stages in this order; drying, pyrolysis, 

combustion and gasification.  

The drying occurs when the biomass is fed into the gasification chamber. The biomass is exposed 

to a rise in temperature, due to the gas that is produced further down in the chamber, as it falls 

and is simultaneously dried as a result. The syngas that is produced further down in the system 

gets cooled off at the same time.  

As time progresses the pyrolysis begins as a result of the continuous rise in temperature. At this 

stage devolatization begins and the weaker chemical bonds are broken.  Volatile gases are 

released and the weight fraction of the char increases. [20] 

In the combustion process the volatile gases and some of the char reacts with oxygen to form CO 

and CO2. These reactions are exothermal and produce the heat needed for the reactions that 

follow. 

In the gasification step the remaining char reacts with steam which produces CO and H2. 

Aside from these reactions there are limited amounts of water-shift and methanation. The 

possible reactions in the gasification process are as follows: [20] 

   
 ⁄                      

                         

                         

                           

                         

                              

                             

                               

Which of the reactions occur depend on the biomass used and what gas mixture that is being 

used. [11][20] 

There are a variety of different techniques available to achieve these reactions. The gas that is 

produced from this is often put through a cylinder to filter out eventual ash content from the 

biomass used. 

Fluidized bed gasifier 

This process usually includes smaller coal particles less than 6mm in diameter. In this particular 

process the biomass enters at the top of the chamber and the gas mixture is pumped in from 

below. The speed of the gas is enough to keep the biomass fluidized, hence the word fluidized 

bed. As seen in figure 1 the syngas that is produced exits through the top. Some of the char and 

ash follows the gas on its way out and is filtered using a cyclone. [21] 
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Fixed bed gasifier 

There are three different types of fixed bed gasifiers; updraft, downdraft and crossdraft. The 

updraft version is similar to the fluidized bed gasifier in that the biomass enters through the top 

and the gas is fed into the system from below.  

In the downdraft gasifier both the gas and the biomass enters through the top and flows 

downward. The syngas exits in the bottom of the chamber. 

In the crossdraft gasifier the gas is pumped in from the side, the biomass enters from the top and 

the syngas exits at the opposite side of the gas inlet. [11] 

The fixed bed gasifier consists of four different zones similar to those mentioned before and 

depending on what type of gasifier is used the four zones are in different places. In the oxidation 

zone the biomass reacts with oxygen in the gas mixture and various oxygen rich gases are 

formed. In the reduction zone the gases that were formed earlier are reduced and cause gases 

with less oxygen to be formed, such as CO and H2. The pyrolysis zone causes the biomass to 

incompletely combust in an atmosphere with less oxygen. The products formed are tar and 

various other organic compounds. The drying zone is where the biomass enters and is dried by 

the gases that are formed in the process. [11] 

3.2 Experiment at KTH 

3.2.1 Gasification experiment 

An experiment done by the energy and furnace division in KTH involved a gasifier fed with pellets 

of known composition and a stream of oxygen at a known temperature to produce syngas. The 

experiment was observed to increase the understanding of how it would look like in a steel plant. 

Aside from this, experimental data was needed for the calculations of the energy and mass 

balance done for the reheating furnace. 

3.2.2 Procedure of the experiment 

The gasifier had an input of pellets with 0.25 MW and an input of heat at 0.5 MW. The amount of 

pellets fed into the system varied and the composition was analyzed continuously. When a 

steady state was obtained the feeding rate of pellets was changed to see how the composition of 

the syngas would change. The gasifier was heated with a regenerative burner using natural gas. 

The reason that natural gas is used is because the syngas that is produced is not enough to loop 

around and heat up the system. However, if the gasifier was used in the industry it would use 

some of the syngas that is produced and transport it to the burner used to heat up the gasifier.  

To calculate the lower heating value of the syngas, the mass fraction of each element is found in 

the experimental data and multiplied by its respective heating value and then added together. 

The same method is used to find both the density of the syngas and the heating capacity. In table 

3, the composition of the pellets used in the experiment is presented. LHV is short for lower 

heating value, as well as HHV is short for higher heating value. 
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Table 3 Composition of the pellets used in the experiment. 

Characteristic: Black pellets (amount): Unit: 

C (as received) 50,4 wt% 

C (dry basis) 52,6 wt % 

H (as received) 6 wt % 

H (dry basis) 5,8 wt % 

N (as received) 0,1 wt % 

N (dry basis) 0,1 wt % 

O (as received) 42,7 wt % 

O (dry basis) 40,6 wt % 

S (as received)  wt % 

S (dry basis)  wt % 

LHV (as received) 19,3 MJ/Kg 

LHV (dry basis) 20,23 MJ/Kg 

HHV (as received) 20,6 MJ/Kg 

HHV (dry basis)  MJ/Kg 

Moisture, 105∘C 4,2 wt % 

Density 740 Kg/m
3
 

Volatile (as received)  73,6 wt % 

Volatile (dry basis) 76,8 wt % 

Ash 500oC (as received) 0,8 wt % 

Ash 500oC (dry basis) 0,9 wt % 

 

 

Figure 4 Shows the black pellets used in the experiment at KTH. 

3.3 Integrating gasification and reheating furnaces 
The previous experiment was on a very small scale and to calculate an industrial situation a flow 

sheet was created. The flow sheet shows a theoretical situation where the gasifier is connected to 

the reheating furnace in a larger version. 
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3.3.1 Flow sheet 

 

Figure 5 Shows the general layout of the updraft gasifier which was used in the experiment. 

The biomass enters through the top of the gasifier (1) whereas a stream of oxygen is pumped in from 

below (2). The syngas exits through the top of the chamber (3) and the line (4) is where eventual 

nitrogen removal, compression or evaporation of water in the gas occurs. Pipe number 4 leads either 

directly to the furnace in figure 6 or to a storage unit for later use.

 

1200°C 1350°C 1300°C 
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Figure 6 Shows the furnace used in SSAB and how the fuel will be distributed as well as the temperature in the different 
zones. 

3.4 Energy and mass balance 
The gasifier used in the experiment had an input of 55 kg of pellets per hour and a flow of oxygen of 

80 kg per hour. The gasifier used in industrial applications will have a syngas output of 32 MW. For 

each heat value for the syngas a backwards calculation was made to see how much pellet input the 

32 MW output would represent. The following table shows the results for the syngas with nitrogen: 

Table 4 Shows the mass balance for an enlarged version of the experiment done at KTH. The syngas used contains large 
amounts of nitrogen. 

Gas (w/ N2) Amount of gas 
needed to be 
produced for  
an output of 
32 MW 
[Nm

3
/s] 

Amount of 
pellets needed 
[t/h] 

Amount of 
oxygen 
needed [t/h] 

Heat 
requirements 
(linearly 
dependent) 
[MW] 

Heat 
requirements 
(exponentially 
dependent) 
[MW] 

Syngas 2 6,1 13,0 20,8 92,8 14,5 

Syngas 3 6,9 16,9 27,1 120,7 17,4 

Syngas 4 9,2 23,7 37,9 168,9 22,0 

Syngas 5 7,1 17,8 28,5 127,2 18,0 

 

The same table can be done for the syngas with the nitrogen removed, i.e. with only steam as agent 

and leakage of air prevented. As shown before, the LHV of the gases was doubled and the mass of 

the pellets will be drastically decreased. 

Table 5 Shows the same mass balance as table 4 but for syngas with nitrogen removed. 

Gas (w/o 
N2) 

Amount of gas 
needed to be 
produced for 
32 MW 
[Nm

3
/s] 

Amount of 
pellets needed 
[t/h] 

Amount of 
oxygen 
needed [t/h] 

Heat 
requirements 
(linearly 
dependent) 
[MW] 

Heat 
requirements 
(exponentially 
dependent) 
[MW] 

Syngas 2 2,8 5,9 9,4 42,0 8,3 

Syngas 3 2,8 6,6 10,5 46,7 8,4 

Syngas 4 3,1 6,9 11,0 49,2 8,7 

Syngas 5 2,9 6,7 10,7 47,5 8,5 

 

Table 5 shows not only that the volume of syngas is halved but also that the amount of mass needed 

to be put into the system is cut down to a third of the mass input when nitrogen was part of the 

mixture.  

The amount of gas needed is calculated by using the heat value of the syngas in question and 

adjusting the amount of gas to match the 32 MW output. From that point the mass of the syngas 

could be calculated and the amount of pellets used could be calculated by using a simple correlation 

between the amount of syngas and the amount of pellets. In this experiment the syngas mass output 

was roughly estimated to be 1.5 times the mass of pellets put into the system. In addition the mass 

of oxygen used in the experiment was about 1.6 times the mass of the pellets. 

The fuel requirements for the furnace were calculated in two separate cases, one for a linear 

upscaling between the amount of energy in the pellets and one for an exponential upscaling. The 
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experiment done at KTH required about 0.5 MW of heat whilst the energy of the pellets was at 0.29 

MW. The linear dependence is about 1.67 in the experiment between the energy of the pellets and 

the heat requirement.  A gasifier for industrial use would be a lot bigger and the heat losses would be 

smaller, a smaller value, 1.33, for the linear dependence was used. 

For the linear dependence the following formula was used:  

                               

The actual pellet energy is the energy of the amount of pellets used in the theoretical calculation 

whereas the original pellet energy in the formula below is the energy in the pellets used in the 

experiment at KTH. 

For the exponential dependence the following formula was used: 

                                       (
                                  

                                 
)
   

 

The pellet energy is the energy of the 55 kgs of pellets used in the experiment at KTH. The scaling 

factor K is calculated by dividing the pellet mass of one 32 MW gasifier by the pellet mass in the KTH 

experiment. 

4. Results and discussions 
 

4.1 Experimental data

 

Figure 7 The first day of the experiment. The marked area is where a steady state for the syngas composition was 
measured. 
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Figure 7 shows how the amount of gases in the syngas varies with time and how the high heating 

value changes over time.  

 

Figure 8 The second day of the experiment. The areas marked are used to measure the syngas composition. 

The composition of the syngas was calculated using the data points in the diagram where the 

composition seemed to be stable. An average of each data point was then calculated to find the 

composition. The following data was calculated: 

Table 6 Composition for each syngas that was produced. 

Syngas: LHV 
[MJ/Nm^3] 

CO 
[Vol.fr]  

CO2 
[Vol.fr]  

N2 [Vol.fr] H2 [Vol.fr]  CH4 
[Vol.fr] 

CxHy 
[Vol.fr] 

Syngas 2 
(55 kg/h) 

5.234 0.2361 0.0486 0.5604 0.093 0.0423 0.0323 

Syngas 3 
(40 kg/h) 

4.669 0.2681 0.0354 0.5965 0.0646 0.0229 0.0194 

Syngas 4 
(50 kg/h) 

3.483 0.1083 0.0833 0.6649 0.084 0.0388 0.0222 

Syngas 5 
(37,5 kg/h) 

4.496 0.2393 0.0482 0.5888 0.0792 0.0236 0.0179 

 

This composition has a large amount of nitrogen gas which is removable from the gas. Removing 

the nitrogen will increase the heat value for the gas and change the mass input in the gasifier. 

The following table shows the syngas composition with the nitrogen removed from the system. 

The calculation was done under the assumption that no nitrogen is formed during the 

gasification process.  
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Table 7 Syngas composition with the nitrogen gas removed. 

Syngas: LHV 
[MJ/Nm3] 

CO [Vol.fr]  CO2 [Vol.fr]  H2 [Vol.fr]  CH4 [Vol.fr]  CxHy [Vol.fr]  

Syngas 2 11,57 0,522 0,1075 0,2056 0,0935 0,0714 

Syngas 3 11,37 0,653 0,8626 0,1574 0,0558 0,0473 

Syngas 4 10,34 0,322 0,2474 0,2495 0,1152 0,066 

Syngas 5 11,01 0,586 0,118 0,194 0,0578 0,0439 

 

As the table above shows, the LHV of the syngases was doubled, and as a consequence a 

significant difference in the input of the gasifier will follow. 

4.2 Heat losses in the gasifier  
The tables four and five show a difference in the linear and exponential expressions of the heat 

loss in the gasifier. Because of the enlargement of the experiment heat requirements are 

reduced and the exponential formula for calculating the heat requirements is the one closest to 

reality. The heat losses in the gasifier will therefore only consider the heat loss calculated with 

the exponential equation. Since removing nitrogen provides a much better result, the heat losses 

will only concern the syngas without nitrogen.  

Table 8 Heat losses for the gasifier. The gasifier operates at 32 MW. 

Gas Exponential heat losses in the gasifier [MW] Linear heat loss in the gasifier [MW] 

Syngas 2 0,7 34,4 

Syngas 3 4,9 43,3 

Syngas 4 4,0 44,5 

Syngas 5 4,4 43,5 

4.3 Mass and heat balance of the furnace 
The mass balance for the furnace was done to acquire the amount of heat the gas exiting the 

furnace represents. The calculations were made under the assumption that clean oxyfuel was 

being used, that only CO2 and H2O was formed during the process and that the temperature of 

the exiting gas was at 335° C. 

For CO the reaction is as follows: 

         ⁄              

The mole ratio in the reaction is 1:1/2:1 and the amount of moles of the substance is easily 

calculated when the mass fraction of the element is known and the mass of syngas that exits the 

gasifier is known.  

For H2 the reaction is similar: 

         ⁄              

And the molar ratio is the same. 

For CH4 the reaction follows the same principle but goes through more reactions: 
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The molar ratio is 1:2:1:2. 

The results from the mass balance are giving the amount of oxyfuel needed in the furnace and 

how much energy the exiting gas represents. The amount of gasifiers needed for the furnace was 

unknown prior to the calculation as both the heat of the syngas and oxyfuel needs to be 

considered. A test factor for the amount of gasifiers was used for the mass balance that was 

adapted to obtain a total output of 128 MW. The result of the energy balance for the furnace 

shows that around 3 gasifiers operating at 32 MW is needed to operate furnace 301. The number 

of gasifiers needed for each syngas heat value varied to as low as 2.7 and as high as 3.1 so an 

average of 3 gasifiers will be sufficient for most syngas compositions. 

The results are shown in the table below: 

Table 9 Mass and energy balance for the furnace 301 at SSAB. The heat of the exiting gas is calculated using a 
temperature of 335 degrees C. 

In to the system Out of the system 

Gas: Mole CO 
(in) 
[kmole/h] 

Mole H2 
(in) 
[kmole/h] 

Mole CH4 
(in) 
[kmole/h] 

Mole CO2 

(in) 
[kmole/h] 

Mole O2 

(in) 
[kmole/h] 

Mass of 
OxyFuel 
[t/h] 

Mole H2O 
(out) 
[kmole/h] 

Mole CO2 
(out) 
[kmole/h] 

Mass 
of CO2 
[t/h] 

Mass 
of H2O 
[t/h] 

Heat 
of gas 
[MW] 

Syngas 
2 

489,7 2700,5 153,5 64,15 1902,2 60,9 3007,5 707,37 31,1 54,1 13,3 

Syngas 
3 

699,2 2358,8 104,5 58,75 1738 55,6 2567,8 862,51 37,9 46,2 12,6 

Syngas 
4 

325,2 3530,9 203,9 159,2 2335,8 74,8 3938,7 688,2 30,3 70,9 16,3 

Syngas 
5 

612,4 2837,7 105,7 78,5 1936,5 61,9 3049,1 796,63 35,1 54,9 13,9 

 

The losses in the gasifier equals about 2-12% of the total energy put into the system (both 

external heating and the energy of the pellets) and the losses in the furnace is about 9-13% of 

the total energy input of the furnace. The heat of the exiting gas is calculated using the flue gases 

respective heat capacity which is shown in table 13. 

The following table shows the scaling factor used between the experiment at KTH and the 

gasifier used for integration to the furnace as well as the efficiency of the gasifier and the 

furnace. 

Table 10 Scaling factor between the experiment and the theoretical calculation as well as the efficiency of each 
process. 

Gas Scaling factor Efficiency of 
gasifier [%] 

Efficiency of 
furnace [%] 

Total efficiency 
[%] 

Syngas 2 117,7 98,3 89,6 88,0 

Syngas 3 119,1 88,7 90,2 79,9 

Syngas 4 125,4 91,3 87,3 79,7 

Syngas 5 121,2 90,0 89,2 80,3 
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As mentioned earlier in the report the heat losses when operating the furnace with syngas 

becomes larger and a slight enlargement of the gasifier needs to be done to accommodate for 

this extra heat loss which is 0.9 MW larger than in SSAB’s own balance for the system using 

syngas 3. Since 34% of the total energy input of the furnace goes to the heating of the steel, this 

difference in heat loss is divided by 0.66 to obtain the total increase needed to maintain an equal 

flow of heat to the steel as the flow obtained using LPG. When the system is enlarged by this 

amount, the total amount of mass is also increased along with the amount of heat of each gas. 

The increase of 1.4 MW in heat loss will increase the total output of the gasifiers with 2 MW. 

Syngas 3 is the fuel that showed the smallest amount of heat loss compared to previous furnace 

operations so a slightly larger increase might prove necessary to accommodate for using fuels 

with lesser heat values or different compositions.  

The increase of size for each syngas is shown in the table below: 

Table 11 Increase of size needed when the extra heat loss is considered. 

Syngas w/N2 Amount of gasifiers needed Increase of output [MW] 

Syngas 2 3,05 3,2 

Syngas 3 3,10 2 

Syngas 4 2,95 10 

Syngas 5 3,03 4,5 

 

The differences in output increase are dependent on the respective heat loss for each system. 

The heat loss was biggest for syngas 4 which explains the why it needs an increase of 10 MW 

instead of 2. 

The gasifier and fuel properties for the calculations are shown below. 

Table 12 Fuel properties 

Fuel Syngas 2 Syngas 3 Syngas 4 Syngas 5 

Heat Capacity [MJ/kgK] 0,0038 0,0031 0,0044 0,0036 

Density [kg/m3] 0,887 0,9714 0,9301 0,9565 

LHV [MJ/Nm3] 11,573 11,379 10,349 11,015 

CO [vol.fr] 0,522 0,6533 0,3217 0,5862 

CH4 [vol.fr] 0,0935 0,558 0,1153 0,0578 

CO2 [vol.fr] 0,1075 0,0863 0,2475 0,1181 

H2 [vol.fr] 0,2056 0,1574 0,2496 0,194 

CxHy [vol.fr] 0,0714 0,0473 0,066 0,0439 

 

Table 13 Heat capacity and composition for the flue gases. 

Flue gas composition 

Gas CO2 [vol.fr] H2O [vol.fr] Heat capacity of flue 
gas [kJ/kgK] 

Syngas 2 0,365 0,635 1,81 

Syngas 3 0,451 0,549 1,74 

Syngas 4 0,299 0,701 1,87 

Syngas 5 0,390 0,610 1,79 
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Table 14 Gasifier properties 

Gasifier Syngas 2 Syngas 3 Syngas 4 Syngas 5 

Heat input [MW] 8,3028 8,3709 8,6788 8,4745 

Heat output [MW] 32 32 32 32 

Efficiency [%] 98,279 88,682 91,341 90,02 

 

4.4 Sources of Error 
The gasifier used in the experiment is an updraft gasifier. The biomass is fed through the top of 

the gasifier and the gas enters from below. A generative burner was connected to the gasifier, 

which purpose is to heat the gas before it enters the gasifier. The gas passing through the 

gasifier, exits at the top of the gasifier and is transported through a pipe to a chamber. In this 

chamber, the gas is getting burned because it is toxic. 

In the experiment with the Division of Energy and Furnace Technology there were several 

sources of error. First off, there was a great amount of slag in the pipes leading to and leading 

away from the gasifier. The slag covered the interior of the pipes, as shown in figure 9. In the 

lower parts of the gasifier there is a grate which is the landing spot for the biomass being fed 

through the top. As seen in figure 10, the grid melted and made it possible for the biomass to 

travel through the gasifier and land in the bottom. From the beginning, steam was supposed to 

be added to the system through the generative burner, but there were not enough of time which 

resulted in an experiment without steam.  

The heat loss for syngas 2 is very low. This is most probably due to errors in the experimental 

data. 

 

Figure 9 Shows a pipe from the experiment at KTH, (3) in figure 5. Its interior is covered with slag. 

 



 
21 

 

 

Figure 10 Shows the melted grate used in the gasifier in the experiment at KTH. 

These errors could cause the reactions to occur incompletely, meaning that, for example, the 

amount of ash would increase. Other possible effects of the errors are that the outgoing flow of 

syngas can be decreased or that the ash content of the syngas can be higher than normal. 

5. Conclusions and suggestions for future work 

5.1 Effects of biomass on reheating furnace 

Biomass based fuels generally provide lesser calorific values for combustion and so require more 

fuel to achieve the same energy transfer from the burner to the steel. Biomass based fuels also 

have a higher amount of ash.  

Also the consistency of biomass based fuels might vary with season and this will affect the 

combustion negatively. 

5.2 Effects on steel 

The varying ash contents of the fuels might exit the combustion chambers with the flame and 

affect the steel surface. A study [20] performed with multisteel and ash of both known and 

unknown composition showed a clear effect of ash diffusing into the steel and changing the 

surface structure. The ash with the known composition caused the surface to become sticky. 

5.3 Effects on production/Economic change 

If the composition of the surface of the steel changes, it will have to be further treated which will 

stall the production. This will increase production costs and reduce the competitiveness of the 

steel compared to other steels. 

5.4 Changing furnace operation:  
As mentioned before, the enlarged gasifier in an industrial application will have a fuel output of 

syngas of 32 MW and the furnace 301 at SSAB uses 128.1 MW.  
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In an industrial application, preheated steam would be added to the system instead of preheated 

air, thus no problem with nitrogen would occur. 

As seen in table 5, an amount of 2.765 Nm3/s syngas (2) is needed to be produced to obtain 32 

MW of output in the gasifier, which equals an amount of 5.9 tons of pellets per hour. For syngas 

(2) the amount of gasifiers needed are 2.975, which means that the amount of pellets needed 

will be 5.9 times that; 17,55 tons. The amount of pellets needed per year, if the furnace would be 

active all the time without any stops in the production, is 153760 ton/year. 

5.5 Amount of wood used: 
The pellets used in the gasification experiment were black pellets from Zilkha Biomass. These 

particular pellets have been pretreated by a process called steam explosion. In this process 

biomass is fed into a reactor via the top and a stream of pressurized steam is pumped into the 

system. The system is then depressurized causing the steam to enter the pores of the wood 

biomass and separating the main components of it, such as lignin and hemicellulose. [25] 

A study on steam explosion [24] on normal biomass shows that a rate of 6000 kg/h of ordinary 

untreated pellets will be equal to a 4185 kg/h rate of pellets pretreated using steam explosion 

when using the same amount of biomass from the start. The reason for this decrease is the loss 

of mass during the pretreatment. Ordinary wood biomass contains around 40 % moisture and so 

a mass of 6000 kg of untreated pellets is created using 10000 kg of wood. These 10 tons of wood 

will create the 4185 kg of pellets that are pretreated and so when our pellet mass is known a 

division of 0.4185 will provide the amount of wood necessary. In this case, for syngas 2, it will be 

367407 tons of wood/year. 

5.6 Suggestions and problems: 
If these gasifiers are installed in a steel furnace the carbon footprint will be reduced to practically 

zero. However the amount of forest used needs to be considered firstly because the rate at 

which the forests grows might be smaller than the required amount to operate the furnace, 

secondly because of the fact that a sufficient amount of forest area might not be close by. Also 

the problem of obtaining the pellets from the wood of the forest occurs. There might not be a 

company close by which can maintain a sufficient amount of pellets needed to operate the 

furnace. Another complication is that it might heighten the production costs too much.  

A suggestion is a trial period for a gasifier for one or more of the furnace zones. This way an 

average value for the deforestation will be obtained and if the gasifier works in combination with 

reheating steel slabs. The problem of ash content might change the reheating process and the 

entire furnace operation. More gasifiers than one might prove to worsen the entire steel 

production. The trial period will provide the necessary information needed before taking the 

decision to use syngas exclusively. 
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