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Introduction and background
The iron and steel industry represents the largest energy consuming

manufacturing sector in the world with average emissions being around 2 tonnes of

CO2 per tonne of steel. The enormous CO2 footprint of steel mills, which accounts

for 5 – 7 % of anthropogenic CO2 emission, must be substantially reduced.

A unique feature of the current steel making processes is the presence of energy

containing residual gases; Coke Oven Gas (COG), Blast Furnace Gas (BFG) and

Basic Oxygen Furnace Gas (BOFG). In modern efficient plants, these gases are

often used as a fuel within the plant to produce power or combined heat and

power. Otherwise, CO is converted to CO2 by combustion at the mouth of the

furnaces, and through flaring after gas cleaning in furnaces. There is great interest

in utilising by-product steel gases to produce high value chemicals such as

methanol, instead of heat and power. There is also interest in introducing biomass

via gasification into the process in order to reduce the specific CO2 emissions. This

represents one of the few opportunities for CO2 utilisation where there is sufficient

market demand given the enormous range and volume of potential applications.

This poster presents a preliminary economic feasibility study for methanol

production from steelworks off-gas and biomass through the use of process

simulation.

Utilisation

Process simulation set-up
Process simulations were carried out using Aspen Plus V10. The process

configuration is based on COG and BOFG being mixed with biomass (white wood

chips) derived syngas.

Assumptions

• The steelworks are considered beyond the system boundary.

• H2S processing and CO2 compression, transport and storage are considered

beyond the system boundary; associated streams have defined disposal costs.

• A dry-feed entrained flow gasifier is selected with a feed rate of 136,000 tonne/yr.

• The entire process is in steady-state

• COG and BOFG are fed to the system in a clean and dry state.

• Peng-Robinson thermodynamic model is selected.

• Process unit costs were derived from the Integrated Environment Control Model

and reported literature values.

Figure 1. Schematic of steel making process

Figure 2. Aspen process flowsheet for methanol production from COG, BOFG and Biomass.

Syngas conditioningSyngas generation

Methanol synthesis and purification

Component BOFG BFG COG

CO 58 20 6

CO2 20 24 2

H2 4 3 63

N2 18 53 4

C2H6 0 0 3

CH4 0 0 22

LHV(MJ/NM3) 7.6 2.85 17.5

Table 2. Steelworks off-gases properties.

Table 1. Biomass properties. Syngas composition tuning

The syngas for methanol synthesis must satisfy the following 

specification:

This has been achieved by operating a bypass around the water-

gas-shift reactor and a Selexol CO2 absorber that removes 50% of 

the CO2 from the syngas stream. 

Water-gas-shift 

reactor

Methanol 

synthesis 

reactor

Process reactions

Biomass gasification: achieved by converting biomass to its constituent 

elements using RYield, ash separation and calculating thermodynamic 

equilibrium at 900 °C and 30 bar.

Water-gas-shift: the following reaction occurs in the water-gas-shift 

reactor according to thermodynamic equilibrium at 110 °C and 30 bar in 

REquil: 

CO +H2O ↔CO2+H2 

Methanol synthesis: The following reactions occurred according 

thermodynamic equilibrium at 210 °C and 100 bar in REquil: 

CO+ 2H2 ↔CH3OH

CO2 + 3H2 ↔CH3OH +H2O 

Simulation results
Mass in/out and associated process stream cost

Table 3. Mass in/out and process stream costs

Capital cost estimation O&M cost estimation

Conclusion
Economic Potential = Total Product Sales – Annualised Capital Costs – Total O&M Costs 

Economic Potential = 102,000,000 £/yr – 5,900,000 £/yr – 40,500,000 £/yr

Economic Potential = 55,600,000 £/yr 

Economic potential Future work
The objective of this work has been to investigate the

economic potential of the production of methanol from

steelworks off-gases, with syngas generated from biomass.

The conclusion is that integrating methanol production in

steel plants can be economically attractive and may result

in a reduction of CO2 emissions.

Total capital cost = £147,000,000 Total O&M costs = 40,500,000 £/year

Our future work will experimentally investigate the effect of feed gas

CO/CO2/H2 ratio and stream impurities relevant to residual steel gases

including N2, Ar, CH4, NH3 & H2O on the methanol synthesis process

using selected catalysts. We will also perform detailed techno-

economic simulations for assessing the cost of methanol production

while incorporating BFG.
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