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National Coal Board

1947

Mines 958

Manpower 718000

Use –electricity 28

-domestic 37

-steel 43

-other 80

Total Use Mt 188
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Figure 1: Carbon usage in blast furnace ironmaking and 
associated technology developments over the last 50 years
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RSC MARCH 
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The water-gas reaction :-
C +H2O ↔ H2 + CO  - heat  + 131.6kJ/mol

heat for the reaction can be provided externally 
or by combining the reaction with combustion reactions:-

C +O2 ↔ CO2 + heat  - 94.1k/mol

The water- shift reaction,
CO + H2O ↔ H2 + CO2 + heat    - 41.7kJ/mol
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Siemens Fuel Gasifier (SFG) Standard Design

• Cooling screen
– short start-up / shut-down

– low maintenance

– high availability

– high conversion rate

• Full quench
– simple and reliable

– ideal for CO sour shift

• Dry feeding
– high efficiency
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Development of IGCC net plant 

efficiencies for coal-based IGCC plants 

without CCS

1970 1975 1980 1985 1990 1995 2000 2005
Year of Commissioning

Lünen 

Germany

(V93)

Increasing plant sizes and efficiencies of demonstration plants
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European demonstration plants with dry-fed coal gasifiers

US demonstration plants with slurry-fed coal gasifiers

2010

Japanese demonstration plant with dry-fed coal gasifier

Clean Coal 

Power

Cool 

Water

Tampa

Wabash 

River

World’s first

IGCC plant

Puertollano plant efficiency for ISO conditions and high quality coal

Achievable with 

today’s 

F class

gas tubines

without CCS

Achievable 

with today’s 

E class

gas turbines

without CCS



19

IGCC with CO2 Removal
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Full scale modelling

500MWe boiler

Looking at oxygen enhancement and oxyfuel combustion
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Test facility scale 

modelling

Large Eddy 

Simulations

LES

RANS

Axial velocity contours Temperature contours

LES
LES

RANS

RANS

Temperature on flame surface

Clean Energy Systems Process
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No Clear Winners in Current Designs
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A Roadmap for CO2 Capture 

and Storage

2005 2010 2015 2020

Source: DOE-NETL Carbon Sequestration R&D Roadmap 

Modified to add Chilled Ammonia example

Start multiple full 

scale demos

Start larger scale demos 

– capture and storage

Bench-scale – post-

combustion capture

Now Objective

Needs: Multiple large-scale CAPTURE and STORAGE demos

Timing: 2020 objective  start today, parallel paths

Realistic? A challenge – need technical, policy, funding alignment

“Small” demos 

(1.7 MW Ammonia, etc.)
Complete larger scale 

capture demos

Commercial 

availability CCS

McKinsey: Gap for economic 

feasibility of CCS to be filled in the 

mid-term
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Estimates of available UK generating capacity (in GW)

Note: This figure is based on a graph contained in EdF’s submission to the UK 

government’s

Energy Review in 2006. The statistics were based on views and plausible 

future scenarios at

the time of submission

The scale of the challenge for 

target emissions reductions 

(UKCCC)

UK CCC Page 38, Figure 2.1



25

Worldwide Market Scenario in 

2015

• Transit Buses*

– 130,000-150,000 buses in service

• Light Duty Vehicles*

– 17- 80 million vehicles in service

• Hydrogen Required†

– 2.5 - 9 million tonnes per year

• Current Largest Merchant H2 Plant

– 100,000 tonne/year

• Sources:

• *UBS Warburg Global Equity Research, Ballard June 

2000

• †OGDEN et al, Princeton University
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Hydrogen for Transport

• Biomass

• Renewable electricity

• Electricity - nuclear or coal

• Nuclear - chemical cycles

• Coal gasification

The water-gas reaction :-
C +H2O ↔H2 + CO  - heat  + 131.6kJ/mol

The water- shift reaction,
CO + H2O ↔ H2 + CO2 + heat    - 41.7kJ/mol

CaO + CO2 ↔ CaCO3 +heat   -178kJ/mol
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What UCG 

involves

© IEA Clean Coal Centre www.iea-coal.org.uk
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© IEA Clean Coal Centre www.iea-coal.org.uk

Worldwide activities

The scale of the challenge for 

target emissions reductions 

(UKCCC)

UK CCC Page 38, Figure 2.1


