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Abstract 
 

Residual steel work gases are often utilised internally at the steel plant as a fuel and as 
well as for heat- and power production in heat recovery steam boilers located near the steel 
mill. This study aims to investigate the technical and economic consequences to use the coke 
oven gas (COG) to produce methanol (MeOH) to be used as automotive fuel. In a case study 
of a steel mill located in the northern Sweden, SSAB Tunnplåt AB in the town of Luleå, four 
different production processes have been studied. Two of them only use COG as a fuel, while 
the other two systems also use biomass based synthesis gas to blend with the COG. 

The results show that nearly 300 GWh of MeOH could be produced annually from COG 
only to a production cost in the range of €0.13 to €0.26 per litre MeOH.  If also 420 GWh per 
year of biomass for synthesis gas production is supplied and the gas blended with the COG 
totally 570 GWh of MeOH can be produced annually to a similar production cost range. 

The main conclusion is that MeOH can be produced to a competitive cost independent 
of production system. Turning a steel mill into a refinery may also result in other benefits, 
such as better energy storage possibilities and increased incentives to utilise residual heat 
currently not motivated to make use of. 

 
1. Introduction 
 

Large volumes of steel work gases are generated during integrated steel production and 
it is important to make use of these gases as efficiently as possible from the point of view of 
energy and consequently environment and economy. Usually, the gases that are not used as 
fuel in the steel production process are utilised for heat- and power production in CHP plants 
located in the vicinity of the steel plant. This is a good example of process integration where 
industrial residual energies can be of appropriate use in other industries as well as the general 
public, i.e. heat- and electricity supply. Parts of the steel work gases have a high heating 
value, in particular the coke oven gas (COG) with a typical LHV of 17-18 MJ/Nm3, which 
also is also rich on H2. For these reasons, it is of great interest to use that gas for other 
purposes than heat production. Besides energy production, there are other alternatives to 
utilise the COG, for example, minimisation of equipment- and process related expenses in 
conventional COG treatment plants by hydrogen recovery and utilisation of COG as reducing 
gas for production of DRI (Direct Reduced Iron) or HBI (Hot Briquette Iron) (Diemer et.al, 
2004). 

One of the key components in methanol (MeOH) is H2. Another alternative use of the 
COG would be for production of methanol (MeOH) to be used as a motor fuel. MeOH is 
considered as a promising alternative fuel to replace gasoline in the future (Faaij & 



Hamelinck, 2001). Commercial technology to produce MeOH from COG already exists and is 
in particular progress in China. According to the China Chemical Reporter (2005), the 
chemical company Shanxi Tianhao Chemical Company Ltd in the Shanzi province 
commissioned the first phase of a MeOH project with the capacity to produce 300 000 tons of 
MeOH per year from COG. The construction of the MeOH facilities was, according to the 
same publication, to be commenced in March 2006. Another COG based MeOH plant is in 
operation in the Shandong province with a production capacity of 100 000 tons of MeOH per 
year. This is the plant of Shandong Tengzhou Shenglong Coal Coking Company Ltd, which 
started the production in September 2006. Furthermore, slightly smaller COG based MeOH 
plants are located in the provinces of Yunnan Qujing and in Hebei.  

It would be of great interest to also involve biomass via gasification to enhance the 
production of MeOH and consequently reduce the specific CO2 emissions from the 
production. The produced MeOH would then be a product based on residual energies from an 
integrated steel mill and biomass. This production concept is of particular interest in 
Scandinavia, which has several steel industries and abundant resources of biomass. 

The main objective of this study has been to make a techno economic analysis of the 
production of MeOH from COG at an integrated steel mill. Another aim was to investigate the 
economic and environmental effects when blending the COG with biomass based synthesis 
gas to enhance the MeOH production. A case study of a steel mill in the town of Luleå in 
northern Sweden has been carried out and the software Aspen plus has been used to analyse 
the process streams.  
 
2. Steel mills and coke oven gas production  
 

Since the global steel consumption keeps growing the production of crude steel is based 
on recycled as well as virgin raw materials. The two predominant steel production routes in 
the world are the EAF steelmaking and BF/BOF based steelmaking. About 1/3 of the global 
steel production is scrap based (EAF steelmaking), while 2/3 is based on virgin raw materials 
via the integrated steelmaking route (BF/BOF). 

In the integrated steelmaking system steel is produced from iron oxide (iron ore). The 
iron ore is reduced and melted in a blast furnace (BF) with additions of coke/coal and fluxes, 
mainly lime stone. The carbon rich liquid iron (hot metal) from the BF process is converted to 
steel in the oxygen steelmaking process (BOF) by blowing oxygen onto the bath, oxidising 
the carbon. During the refining, scrap, and iron ore as well as fluxes are added to control 
temperature and slag composition. The final steel quality is adjusted in the secondary 
metallurgy processes. The steel is casted in slab casting machines and rolled into steel sheets 
in the rolling mill.  

The use of coke in the BF/BOF route is necessary making the coke plant of vital 
importance for the production system. In the coke plant coke is produced by dry distillation of 
cooking coals, resulting in dense char agglomerate. The coke oven gas is the cleaned raw gas 
formed during the dry distillation when volatiles from the coals are released. In the raw gas 
cleaning, tar, sulphur and benzene is removed.  

At most integrated steel plants, process off-gases from the BF process (BFG), BOF 
process (BOFG) and coke making (COG) are important internal fuels for several processes. 
Typical chemical compositions of the gases are shown in Table 1. The coke oven gas serves 
as a fuel in the coke oven battery, the hot stoves (together with the BF gas) and the lime 
furnace. The gases BFG, COG and BOFG is mixed in order to raise the heating value and is 
used for heating purposes in the rolling mill or for heat- and power production in a CHP plant.  
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Table 1. Typical gas composition of the main steelmaking gases 
Compound (vol%) COG BFG BOFG 
H2 63 2.6 4 
CO 5.8 20.3 57 
CH4 22 0 0 
C2H6 2.9 0 0 
C3H8 0 0 0 
CO2 2 24.3 24 
N2 4 52.8 15 
O2 0 0 0 
H2O 0 0 0 
LHV (MJ/Nm3) 17.5 2.85 7.6 
Density (kg/Nm3) 0.42 1.40 1.38 
 

As shown in Table 1, the COG has a high concentration of H2 leading to a high heating 
value. The other steelmaking gases has considerably lower concentrations of H2 and a low 
heating value making these more suitable for heat production and less for MeOH production. 
 
3. MeOH production routes 
 

Currently, MeOH is mainly produced from natural gas, coal and as previously 
mentioned, coke oven gas to a modest extent. MeOH production from gasification of pure 
biomass is still under development and may not be considered as a mature technology. 
Biomass and coal are considered as a potential fuel-base for co-gasification and further syngas 
production and methanol synthesis in the near future (Chmielniak & Sciazko, 2003). Figure 1 
shows simplified process schemes of MeOH production routes using natural gas and biomass 
as fuels. Production of methanol from coke oven gas has a production route similar to the one 
for natural gas. 

 
Figure 1. Schematic process layout for MeOH production from natural gas and biomass 
(Ohlström & Mäkinen, 2001) 
 

MeOH can be produced from biomass via different gasification technologies. The 
MeOH production typically consist of the following steps: pre-treatment of the fuel (drying, 
grinding), gasification, cleaning of the gas, reforming of higher hydrocarbons, shift to obtain 
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appropriate H2:CO ratio, and gas separation for methanol synthesis and purification. In this 
study, the two gasifiers selected are the IGT (Institute of Gas Technology) pressurised direct 
oxygen fired gasifier, and the BCL (Battelle Columbus) atmospheric indirectly fired gasifier. 
Both gasifiers produce a medium calorific gas, undiluted by atmospheric nitrogen (Faaij & 
Hamelinck, 2001). The IGT gasifier produces a CO2 rich gas. The CH4 fraction will be 
reformed to hydrogen. The H2/CO ratio (1.4:1) is attractive to produce MeOH, although the 
large CO2 content lowers the overall yield of MeOH. The pressurised gasification allows a 
large throughput per reactor volume and reduces the need for pressurisation downstream, so 
less overall power is needed. However, the gasifier efficiency is lower and much more steam 
is needed. The IGT gasifier uses oxygen as gasification agent to reduce downstream 
equipment size. The indirectly heated BCL gasifier uses air as gasification agent with no risk 
of nitrogen dilution. It produces a gas with a low CO2 content, but contains heavier 
hydrocarbons. Therefore, reforming is a logical subsequent step in order to maximise CO and 
H2 production. The tars need to be cracked and the large CO fraction normally needs to be 
shifted to yield hydrogen. The reactor is fast fluidised, allowing throughputs equal to the 
bubbling fluidised IGT, regardless of the atmospheric operation (ibid.).  

The COG based production systems have a production route similar to the one using 
natural gas shown in Figure 1. The main difference is that the COG must be cleaned from 
impurities like tar, particles and sulphur compounds as these compounds may be harmful to 
the further refining components in the system. The COG needs to be processed to reach the 
requirements of the fuel catalysts for production of liquid fuels. The COG is processed to 
minimize the presence of inert gases like CH4, CO2 and N2, thereby increase the efficiencies 
of fuel catalysts. The right proportion of the H2/CO-ratio also needs to be optimized before 
entering the fuel catalyst (Olofsson et.al, 2005). 

The main difference between the ATR- and SMR systems is the type of gas cleaning 
system and reformer used for methane cracking. The ATR system uses hot gas cleaning 
system and an auto-thermal reformer, which operates at temperatures around 1000°C where 
all reactions are exothermic. Thereby also a considerable amount of heat is produced which 
can be used for steam production. One disadvantage using this reformer is that an oxygen 
separation plant is needed. The SMR system uses a cold gas cleaning system and a steam 
methane reformer, where the reforming reaction is endothermic. The main drawback with this 
reformer is that an external heat source is needed for the heat supply (Olofsson et.al, 2005). 
 
4. Case study of the steel mill SSAB Tunnplåt AB 
 

The analysed system, SSAB Tunnplåt in the town of Luleå in northern Sweden, is an 
integrated steel plant. The rolling mill at the steel plant is located at another geographical 
location, resulting in a surplus of process of gases. Connected to the steel plant is instead a 
combined heat and power plant (CHP) that provides district heating to the city of Luleå. 
Figure 2 shows a schematic process layout in the system and the available gas and gas users 
within the system.  
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Figure 2. Schematic process layout of the SSAB steel mill. Process gases and main material 
used in the system. Energy flows indicated on yearly basis (2006). 
 
4.1 Available gas for MeOH production 
 

The gas suitable for MeOH production is mainly the COG. The present main usage of 
COG is at the coke oven plant as a fuel for heating the coke ovens. Almost 50% (880 GWh 
per year) of the generated COG is delivered to other users within the steel mill. The CHP 
plant can be operated on a gas blend based on BFG and BOFG, releasing the COG for other 
usage, i.e. methanol production. The total amount of COG available without any major efforts 
amounts to around 300 GWh per year.  

In the future, the heat demand in the town of Luleå is projected to decrease due to more 
efficient buildings and increased outdoor temperature due to the climate change (Lundgren, 
2007b). A reduced heat demand will result in an increased volume flow of COG available for 
other purposes and it is estimated that at least an additional 100 GWh per year can be 
accessible. This volume may even be slightly underestimated, but this study assumes that 
totally 400 GWh per year will be available for MeOH production.  
 
4.2 Description of the different production cases 
 

Four different production systems are considered in this case study. Two of them only 
use the coke oven gas as a fuel input, while the other two uses a blend of the COG and a 
synthesis gas generated via biomass gasification. For the cases where only COG is used as a 
fuel for MeOH production, the following systems are studied 

• ATR system: Hot gas cleaning, autothermal methane reforming, conventional solid 
bed MeOH catalyst with syngas recycling and power generation via steam cycle. 

• SMR system: Cold gas cleaning, steam methane reforming, conventional solid bed 
MeOH catalyst with syngas recycling and power generation via steam cycle. 

 
For the cases where also biomass is used to enhance the MeOH production, the 

following biomass gasification systems were selected 
• IGT system: IGT pressurised oxygen blown gasifier, hot gas cleaning, autothermal 

methane reforming, partial H2/CO shift, conventional solid bed MeOH catalyst with 
syngas recycling and power generation via steam cycle. 
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• BCL system: BCL atmospheric air blown gasifier, cold gas cleaning, steam methane 
reforming, conventional solid bed MeOH catalyst with syngas recycling and power 
generation via steam cycle. 

 
All of the selected systems were modelled in the process simulation software Aspen 

plus. The resulting dimensions of energy- and material streams were subsequently used in the 
economic analysis of the systems. 

The pre-treatment and gasification sections have not been modelled but their energy use 
and conversion efficiencies are included in the energy balances. The models start with the 
synthesis gas composition from the gasifiers. The gas cleaning procedure is considerably 
simplified in the models due to the complexity and lack of data of particulates, condensable 
tars and alkali compounds.  

The gas-, liquid- and material properties used in the calculations are shown in Table 2.  
 
Table 2. Material properties 
Properties Unit Value Reference 
Higher heating value MeOH  GJ/ton 22.6 Faaij et al. (2001) 
Lower heating value sawdust  GJ/ton (dry basis) 17.1 Strömberg (2004) 
Lower heating value COG  MJ/Nm3 17.5 Calculated based on 

analysis 
Density MeOH  kg/m3 793 Faaij et al.(2001) 
Available amount of COG  GWh/year 400 Estimated 
Available amount of sawdust  GWh/year 420 Estimated 

 
Table 3 shows the key input data used in the economic evaluation of the four systems. 

The costs for all the equipment are based on values presented in Faaij et al. (2001). These 
values include the cost for auxiliary equipment, non-equipment, engineering and 
contingencies. Additionally, scale factors and installation factors have been used to calculate 
the total plant investment of the systems used in this case study (ibid.).  
 
Table 3. Economic input values 
Parameters Unit Value Reference 
Annual plant operational 
time 

hours 8000 Faaij et al. (2001) 

Interest rate  % 10 ibid. 
Technical lifetime  years 25 ibid. 
Economic lifetime  years 15 ibid. 
Operation and maintenance  % of total investment 4 ibid. 
Biomass cost  € per MWh 10.8 Swedish Energy Agency  
Coke oven gas cost € per GJ 3.1 Estimated based on 

energy content and oil 
price 

Electricity price € per MWh 54.1 Swedish Statistics 
 

The resulting total plant investments and total annual costs for the four systems are 
presented in Table 4. 
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Table 4. Total plant investments and annual costs for the MeOH production systems 
 Unit ATR SMR IGT BCL 
Total investment  M€ 28.6 38.8 67.8 80.4 
Total annual cost  M€/year 10.5 11.7 22.2 24.1 
 
5. Results 
 
Table 5 shows the required power inputs, resulting outputs and efficiencies of the MeOH 
production processes of the four MeOH production cases.  
 
Table 5. Required power inputs, resulting outputs and efficiencies of the MeOH production 
processes 
Power input  IGT BCL ATR SMR 
Coke oven gas MW 50.0 50.0 50.0 50.0 
Biomass MW 52.5 52.5 - - 
Internal electricity use MW 7.7 7.0 3.8 3.5 
Steam raise MW 1.7 0.1 0.0 0.0 
Sum MW 111.9 109.6 53.8 53.5 
Outputs      
MeOH power MW 60.0 71.0 30.2 36.0 
MeOH energy  GWh 420 568 242 288 
MeOH volume 103 m3/year 52 62 104 123 
Electricity production MW 2.0 1.5 1.2 1.0 
District heating MW 5.1 4.4 3.5 2.9 
Purge gas MW 4.4 5.2 2.9 6.4 
Sum MW 71.4 82.2 37.8 46.3 
MeOH conversion 
efficiency % 53.6 64.8 56.2 67.2 
Total plant efficiency % 63.9 75.0 70.3 86.5 

 
Steam raise means that extra steam must be supplied from other sources. The purge gas 

separated out from MeOH separator could potentially be used as recycle gas into the reformer 
to reach a higher MeOH conversion efficiency or as a fuel to the CHP plant. In this study, the 
gas is not considered for utilisation. 
 
5.1 MeOH production using COG and biomass in the IGT system 
 

In the IGT system, the total plant efficiency becomes low due to the high internal steam 
and electricity demand and the low MeOH conversion efficiency. The autothermal reformer 
consumes more syngas via the partial combustion than the steam reformer due to the higher 
operating temperature. This leads to an increased production of high temperature steam for 
electricity production, but as the electrical conversion efficiency is low and the internal 
electricity demand is high the total plant efficiency becomes lower than for the other systems.  
 
5.2 MeOH production using COG and biomass in the BCL system 
 

The total efficiency is higher than in the IGT system, mainly depending on the higher 
MeOH conversion efficiency, but also the lower internal electricity demand. The syngas from 
the BCL gasifier has higher CO content than the gas generated in the IGT system. This is 
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beneficial when blended with the COG as the COG lacks of CO but has high concentration of 
H2. The result is a higher MeOH yield.  
 
5.3 MeOH production using COG in the ATR system 
 

The MeOH conversion efficiency is nearly the same as for the IGT system, but the total 
efficiency is higher. The higher total efficiency depends on that no gasifier or pre-treatment 
unit is needed. The latter uses about 10% of energy input for drying of the sawdust (Fajii et.al, 
2001).  
 
5.4 MeOH production using COG in the SMR system 
 

The SMR system results in the highest MeOH conversion efficiency, which mainly is 
due to the combination of good process optimisation and the fact that the coke oven gas has 
high H2 content. In comparison to the ATR system, the steam reformer is a better choice for 
CH4 reforming as less syngas is needed for combustion to satisfy the heat demand for the 
catalytic process. The total plant efficiency is high, mainly because the MeOH conversion 
efficiency is higher and the internal steam and electricity demand is lower than for the ATR 
system.  
 
5.5 Economic evaluation of the cases 
 

The MeOH production cost is influenced by many parameters. In order to assess how 
the most influencing parameters, such as the feedstock costs (coke oven gas, biomass), the 
electricity price, the total investment, the internal rate and economic lifetime etc affects the 
MeOH production cost, a sensitivity analysis has been made. The analysis was performed by 
varying one parameter while keeping all other parameters constant. Best and worst cases were 
created by putting all variables at their selected minimum- and maximum limit. Figure 3 
shows the MeOH production cost ranges for the considered systems.  
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Figure 3. MeOH production cost ranges for all the considered systems 

 
The calculations show that the mean production cost is similar using any of the 

production system, ranging from €0.19 to €0.21 per litre MeOH. The lowest production cost 
is reached using the SMR system without biomass based synthesis gas involved. If also 
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biomass is introduced, the BCL concept results in a lower production cost than the IGT 
system. 

 
6. Discussion 
 

The economic analysis shows that there is a small difference in total production cost per 
volume unit MeOH between the four production systems. Regarding the technical evaluation, 
it is shown that the systems using only COG as fuel input results in the highest total plant- and 
MeOH conversion efficiencies, which is of great importance. The higher efficiencies are due 
to the high concentration of H2 in the non-blended COG. 

The calculated production costs in this study seem reasonable if compared to other cost 
assessments made. In a study by Faaij & Hamelinck (2006) the total MeOH production costs 
for two different 80 MW biomass based MeOH production plants (similar to the BCL- and 
IGT systems used in this study) have been calculated to €13.7 per GJMeOH and €15.7 per 
GJMeOH respectively1. Converting the results of this study to equal units the MeOH production 
cost for the BCL- and IGT systems amount to €11.8 per GJMeOH and €12.9 per GJMeOH, 
respectively, which is close to the values presented in Faaij & Hamelinck (2006). 

The annually produced MeOH volume from all four production options has the potential 
to cover a relatively large share of the projected future demand of alternative automotive fuels 
in the county of Norrbotten in northern Sweden. Lundgren (2007) has presented different 
scenarios for how the transportation fuel demand may develop until the year 2025. The results 
of the study show that the total demand for alternative fuels (MeOH, ethanol, DME etc) may 
be in the range of 900-1800 GWh per year according to the scenarios. This would mean that 
the MeOH from the steel mill could cover 16 to 58% of the total demand of the region. 

The COG is a by-product from coke making, e.g. a recovered waste energy, meaning 
that the upstream CO2 emissions, e.g. the transport and the mining of coal, may be neglected. 
Calculating the CO2 emissions factor assuming complete combustion of the carbon in all the 
fuel refinery components, the production of MeOH from pure COG, results in CO2 emissions 
in the range of 200 - 240 g per kWh MeOH (well-to-wheel). CO2 emissions from biomass 
fuels are considered climate-neutral presuming sustainable forest management practices. 
Therefore, the CO2 emission factor decreases if biomass synthesis gas is blended with COG to 
a level in the range of 100 - 120 g per kWh MeOH.  

The corresponding CO2 emissions for the production (including extraction, 
transportation and refining) of fossil gasoline and diesel from crude oil are around 32 g per 
kWh and 25 g per kWh, respectively (Lewis, 1997). Assuming complete combustion of the 
carbon, the CO2 emission from the use of gasoline is 260 g per kWh. Total emission, well-to-
wheel, becomes 320 g per kWh. 
 
7. Conclusions  
 

The results show that with the assumed amount of available COG at the steel mill in 
Luleå nearly 300 GWh of MeOH could be produced annually, using the SMR production 
system. If 420 GWh per year of biomass for synthesis gas production are blended with the 
COG another 270 GWh of MeOH can be produced annually.  

The economic calculations show that the MeOH can be produced to a cost in the range 
of €0.13-0.29 per litre MeOH for the four cases ranges considered in the study. The lowest 
production cost €0.13-0.25 per litre is reached with the SMR system mainly due to the higher 

                                                 
1 Using a monetary conversion rate of 1€=0,94USD valid for the year 2001 
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total- and MeOH conversion efficiencies. MeOH produced from the ATR system would be in 
the range of €0.14-0.26 per litre. The larger systems with an additional biomass input of 420 
GWh per year would have a MeOH production cost in the range of €0.14-0.29 per litre for the 
IGT system and €0.13-0.27 per litre for the BCL system. Nevertheless the larger IGT and 
BCL system can produce a larger volume of methanol than ATR and SMR system and on 
energy basis about half of the fuel input can be considered as renewable leading to a less 
carbon intense fuel.  

The use of COG to produce MeOH is cost efficient, and has the potential of reducing the 
specific CO2 emission in the range of 25-65% compared to fossil gasoline depending of the 
amount of biomass included in the system setup. 

The integration of a motor fuel refinery in the steel industry may also result in the 
following benefits 

• Better energy storage possibilities at the steel mill as the MeOH is easier to store than 
the steelmaking gases and the electricity  

• Extended portfolio of sellable products for the steel mills (steel, electricity, heat and 
automotive fuels) 

• Increased possibilities to utilise residual heat that is currently not motivated to use  
The produced methanol from the IGT- and BCL system could potentially cover more 

than 50% of the total demand of alternative motor fuels in the county of Norrbotten.  
The final conclusion is that all systems have an economic potential and that MeOH 

production is a good option to make an appropriate use of residual energies at steel mills.  
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