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Introduction
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▪ The iron and steel industry represents the largest energy consuming manufacturing sector in the world

▪ Average specific emissions are 1.83 tonnes of CO2 per tonne of steel and global crude steel production 

reaching 1.8 Gt for the year 2018, up by 4.6% compared to 2017

▪ CCUS technologies offer the opportunity to substantially reduce the CO2 footprint of steel mills, which 

accounts for 5 – 7 % of anthropogenic CO2 emission 

▪ Global methanol production in 2016 was around 85 million tonnes

▪ Methanol is currently primarily from fossil fuel sources - mostly from natural gas but in China up to 67 % 

from coal

▪ The demand for methanol is expected to increase as the world shifts away from fossil fuel consumption

▪ There is currently great interest in valorising by-product steel gases for chemical production in a Paris 

Agreement compatible way as an alternative to their current uses of generating heat and power
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Process simulation and techno-economic analysis of 
methanol synthesis from blast furnace gas in an integrated 

steelworks CCUS system

Blast Furnace Gas (BFG) Properties:

Component CO CO2 H2 N2 LHV

mol% (MJ/Nm3)

20 24 3 53 2.85

‘Ultra-low 
calorific 
gas’

Basis of calculation:

~340 tonnes/hr of BFG available for CCUS

- equivalent to the amount ordinarily destined for steelworks power plant
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Process advantages/disadvantages of direct CO2
hydrogenation BFG-to-methanol synthesis route
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▪ Avoids difficult N2 / CO separation

▪ Synthesis reaction impurities (typically higher 

alcohols, esters, ethers and ketones) are limited 

to water and dissolved CO2 in crude methanol

▪ Allows for only a single methanol distillation unit

▪ Less intense exotherm compared to syngas 

reaction

▪ Allows the use of tube cooled reactor with lower 

cost, higher efficiency and relative simplicity of 

operation

▪ Avoids use of multiple reactors in series which 

may be required with adiabatic operation

▪ Improved heat distribution with the reactor helps 

to prevent catalyst sintering

Advantages Disadvantages

▪ Some heat will be lost in the water gas shift 

process

▪ CO2-syngas is less reactive than CO-syngas 

which will lead to a larger reactor

▪ More water produced due to the reaction 

stoichiometry

(D.S. Marlin, E. Sarron, Ó. Sigurbjörnsson. 2018. Process Advantages of Direct CO2 to Methanol Synthesis. Frontiers in Chemistry 6.)



Process flow diagram BFG-to-methanol process
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Aspen Plus flowsheet - BFG-to-methanol process
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Overall process mass balance
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 BFG-in Steam-in Sulfur-out Condens.-out Dryer-out 
Component (tonne/hr) 

CO2 118 - - 6.61×10-3 - 
CO 72.4 - - - - 
N2 145 - - 4.10×10-6 - 
H2 0.947 - - - - 
H2O - 107 - 57.7 3.19 
CH3OH - - - 3.52×10-2 - 
H2S 3.72×10-3 - 3.72×10-3 - - 
CH4 4.21×10-3 - - - - 
O2 0.629 - - - - 
HE 4.37×10-4 - - - - 
AR 2.71 - - 1.79×10-6 - 

 

 N2-out CO2_T&S-out Offgas-out  Bottoms-out  Methanol-out 
Component (tonne/hr) 

CO2 48 146 0.972 - 2.51×10-2 
CO 0.7 1.14×10-2 1.03×10-2 - 7.39×10-6 
N2 141 2.30 2.07 - 1.36×10-3 
H2 1.09 0.118 1.60×10-2 - 5.71×10-6 
H2O - - - 14.6 1.32×10-3 
CH3OH - 0.118 2.79 2.55×10-3 22.7 
H2S - - - - - 
CH4 4.08×10-2 6.66×10-4 5.99×10-4 - 1.75×10-6 
O2 0.61 9.96×10-3 8.96×10-3 - 1.82×10-5 
HE 4.24×10-4 6.92×10-6 6.24×10-6 - - 
AR 2.62 4.28×10-2 3.85×10-2 - 7.67×10-5 

 
Total ~340 tonnes/hr

96% purity
85% overall capture

~75% of post-shift CO2 to storage

99.9% purity
~200,000 tonnes/yr



Overall process energy balance
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Process units Energy consumption (MW)

Compressors & vacuum pumps 77.9

Energy recovery turbine -0.89

Heaters 23.8

Coolers -188.0

Methanol reactor -13.6

Distillation column:

Condenser -12.0 

Reboiler 12.8



Techno-economic analysis
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Cost / value of streams materials, utilities

Element Cost / value

Process streams

Blast Furnace Gas 3.48 £/tonne

Methanol (gate price) 383.1 £/tonne

CO2 compression, T&S -17.5 £/tonne

Utilities

Electricity 66.55 £/MWh

MP and superheated steam 5.94 £/MWh

LP steam 4.3 £/tonne

Heat credit 4.46 £/MWh

Cooling water 0.9857 £/MWh

Catalysts and Sorbents

ZnO guard bed 10,675 £/m3

HT-WGS £6,899.79 £/m3

LT-WGS £6,899.79 £/m3

Molecular sieve 622.02 £/m3

CO2-PSA 828 £/t

N2-PSA 828 £/t

Methanol synthesis 88.25 £/kg

~3-4 × lower than 
pre-pandemic 

natural gas price

Steelworks waste 
heat derived

Plant area Total Capital 

Requirement

ZnO bed £2.35m

Water Gas Shift £4.48m

PSA + vacuum pumps £21.30m

Methanol system £39.98m

BFG Compression £46.27m

Heat exchangers £6.08m

Flash vessels £0.92m

Total £125.5m

Process Items Variable O&M cost

BFG Compressor 13.7 m£/yr

Turbine -£519.0 k£/yr

ZnO bed 660.8 k£/yr

WGS section 817.1 k£ /yr

PSA section 19.7 m£/yr

Methanol synthesis 

section

11.71 m£/yr

Total variable O&M cost £46.14 m£/yr

Capital cost summary

Variable O&M costs

Cost element Fixed O&M cost

Total operating labour cost 300 k£/yr

Maintenance cost 2.11 k£/yr

Maintenance labour 844.12 k£/yr

Admin & support labour 343.2 k£/yr

Total Fixed O&M cost 2.75 m£/yr

Fixed O&M costs



Key performance indicators
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Metric Business-as-

usual

CCU case CCUS case

Steel CO2 intensity

(tonne CO2 / tonne steel)
1.83 1.66 1.08

£ Steel production cost

(£ / tonne steel) 383.33 379.46 390

Steel production rate

(Mtonne steel / yr) 2.21 2.21 2.21

Annual steel production 

cost (M£ / yr) 845.7 837.2 859.6

Steelworks CO2 emissions

(Mtonne CO2 / yr) 4.04 3.66 2.38

Methanol production rate

(ktonne / yr)
- 198.9 198.9

CO2 equivalent in 

methanol

(ktonne / yr)

- 273.6 273.6

Methanol sales revenue

(M£ / yr)
- 76.2 76.2

CO2 to geological storage

(Mtonne /yr) - - 1.28

Annual CO2 T&S fee

(M£ / yr) - - 22.4

Levelised Cost MeOH

(£ / tonne) - 340.14 452.88

Cost of Avoided CO2

(£ / tonne) - -22.42 8.35
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Summary

▪ CCUS processes will play an important role in CO2 mitigation by capturing the emitted CO2 and using 

it to make chemical products that otherwise would be made from fossil fuels.

▪ The analysis presented here considers CCUS technology for the iron & steel industry: 

BFG-to-CH3OH based on direct hydrogenation of CO2

▪ A full-scale conceptual design has been simulated in Aspen Plus in order to obtain the needed mass 

and energy balances to evaluate the technological, economic and environmental criteria

▪ Techno-economic analysis has shown favourable scenarios for producing methanol from BFG, which 

are subject to the intrinsic BFG price
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• C4U addresses the essential 

elements for the optimal 

integration of CO2 capture in the 

iron and steel industry as part of 

the CCUS chain. This spans 

demonstration of two highly 

efficient solid based CO2 capture 

technologies for optimal 

integration into an iron and steel 

plant and detailed consideration of 

the safety, environmental, societal, 

policy and business aspects for 

successful incorporation into the 

North Sea Port CCUS industrial 

cluster.

DISPLACE - High temperature 

sorption-displacement process 

for CO2 recovery 

CASOH - Calcium Assisted 

Steel-mill Off-gas Hydrogen 

production

C4U technology integration

• System dynamics studies

• Policy instrument assessments

• Business model innovation

https://cordis.europa.eu/project/id/884418

