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Who is Mitsui Babcock?

• Leading, multi-specialist energy services company
• UK based, global operations
• 4,500 employees worldwide
• A leader in utility coal fired power generation technology
• Annual turnover approximately £400m, profitable and 

sustainable
• Established in 1891 as Babcock & Wilcox Ltd –

formation of Mitsui Babcock Energy Limited in 1995
• Products and services across all fuel types and 

throughout the complete plant life cycle



The Low Carbon Challenge

• The following laws will fundamentally affect the
European power business in the next 20 years
- The Large Combustion Plant Directive
- The Kyoto Protocol and Emissions Trading

Scheme Directive (EU ETS)
- The Renewables Directive and Biofuels Directive

• Emissions legislation penalises fossil plant
over nuclear and renewables

• EUETS carbon ‘cap and trade’ system poses
a threat,
- Big to Coal plant @ 1TCO2/MWh
- Less to Gas plant @ 0.4TCO2/MWh

• Thermal plant tightening limits driving
need for ‘futureproofing’

• Carbon price and EU member state policy are
key determinants in future investment





Mitsui Babcock Green Coal 
TechnologyTM

• Brownfield application of phased CO2 reduction technologies can reduce 
coal fired CO2 emissions by up to 60%  

• Innovative application of Green Coal Technology ensures coal fired plant 
can compete on a tCO2/MWh basis, with existing and future gas fired plant

• Green Coal Technology combines the following CO2 reduction 
technologies

- Advanced Supercritical retrofit
- Enhanced biomass firing
- Feed water heating upgrade

• Green Coal Technology plant compatible with Zero Emission Technology 
(i.e. future-proofed/ Capture-ready)

- Oxyfuel firing / Amine Scrubbing
- Geological Storage ( including EOR)

• Advanced Supercritical retrofit is the basic building block
• Green Coal Technology utilises existing infrastructure delivering 

sustainable CO2 reductions and lowest cost
• Green Coal delivers a futureproofed trading position maximising benefits 

from ‘grandfathered’ rights
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Applying Green Coal Technology to a UK 
Coal Plant
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Utility Boilers

SupercriticalSubcritical

• High pressure and temperature steam =>
more thermally efficient steam cycle

• Steam drum not required for Once     
Through System

• Spiral furnace design
• Today’s technology

• Moderate pressure and temperature        
steam

• Incorporates steam drum
• Vertical tube furnace
• Yesterday’s main stay technology

Subcritical/Supercritical Technology



New Build Reference List

• Total of 33GW of once-through generating capacity has 
been designed by Mitsui Babcock

• Mitsui Babcock designs are installed in 9 different 
countries

• Mitsui Babcock references fire coal, semi-anthracite, 
heavy fuel oil, liquid natural gas, blast furnace gas and 
natural gas

• Units up to 1000MW designed by Mitsui Babcock



Coal Plant Ordering Pattern in China
Proportion of MW ordered > 200 MW
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Mitsui Babcock 
(with Harbin BC)

15,800MW (34.2%)

Alstom 
Combustion Eng. 

(with SBW)
21,600MW (46.8%)

Babcock Hitachi
(with Dongfang BC)

2,590Mw (5.6%)

B&W 
(with B&W Beijing)

3,600Mw (7.8%)

World-Wide Once Through Supercritical Boilers
Distribution of orders by Technology Provider 2003 (McCoy)

World-Wide Once Through Supercritical Boilers
Distribution of orders by Technology Provider 2003 (McCoy)

Doosan
2,000 MW (4.3%)

IHI
600Mw (1.3%)



CHANGSHU 3x600MW OTSC
Mitsui Babcock and Harbin Boiler Company in partnership 

First fire of first unit 22 months after Contract Signing
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MB PosiflowTM Boiler Design 
(Once-thru Vertical Low Mass Flux Design)

Features
• Utilises optimised “ribbed” tubing
• Provides Positive Flow characteristics

- Boiler flow automatically increases 
with increasing heat flux 

- Stable, self-compensating system
• Can be applied to sub or super-critical

Traditional 
Spiral Design

PosiFlowTM

Vertical Design

Benefits
• Suitable for Retrofits and new 

boilers
• Improved constructability
• Greater operational flexibility
• Increased boiler efficiency
• Lower costs

Optimized
Ribbed Tubing



International Success - World’s First
Vertical Tube ‘PosiFlowTM’ Furnace Design

Original Situation
• Poor availability
• Poor heat rate
• Plant derated
• No operational/load flexibility
• Plant destined for closure

Results
• Replaced boiler with PosiFlowTM design
• Utilized most of remaining infrastructure
• 20 years life extension
• Outstanding availability (99%)
• Increased operational flexibility
• Increased Plant Output (270 to 322.7MW)
• Boiler Efficiency Improved by 1.1%
• Fuels & emissions reduced by 10%
• PosiFlowTM design and constructability 

demonstratedYaomeng, PRC



European Supercritical Boiler Retrofit 
Builds on Our Experience

• Replacement 
of boiler 
pressure 
parts,within 
boilerhouse 
envelope

• Lighter boiler 
weight

• Re use of 
bulk of  
ancillary 
equipment

• Turbine 
modifications



Advanced Supercritical Retrofit 
Benefits

• Suitable for a wide range of UK and internationally traded coals
• Design (285Bar, 600/620oC) accommodates

- Enhanced co-firing with minimum generation risk
- Feedwater heating for further CO2 reduction

• Can be designed to be carbon capture ready
• More flexible in operation than existing sub-critical plant and IGCC 

technology , faster start-up and load changes
• Proven availability record 
• NOx post 2016 (< 200 mg/Nm3 ) compliant

- Using patented Mitsui Babcock NOxStar technology
- Integral with the boiler design
- Overcomes difficulties with the footprint requirements of conventional 

Selective Catalytic Reduction (SCR) plant on existing plant



Biomass Co-firing

• Co-firing can be achieved by,
- Co-milling
- Dedicated injection
- Dedicated burners
- Co-utilisation

• Existing furnace and ancilliary
equipment limit co-firing levels

• Co-firing at 20% of original heat input 
introduces significant integration 
problems and generation risks

• New furnace design allows 
optimisation of biomass feed and 
injection systems = simplified 
integration and reduced risk



Feedwater Heating Improvements

• Up to 20% of the heat input is used 
for feedwater heating

• CO2 reductions can be achieved by,
- Biomass fired feedwater heater

or

Boiler 

Steam
Turbine

Coal

660MWeCO2

Biomass

Existing
Feed Heater

GT X 3

174 MWe

Gas

CO2

New Feed Heater

Existing
Feed Heater

- Partial gas re-powering with a GT
feedwater heater

• CO2 reductions up to 20% possible
• Technology selection dependent upon, fuel/space availability, ease of 

integration/control
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A Phased Approach to CO2 Reduction

Track 1 Track 2



Green Coal Technology
Load Factor Restoration for a UK Power Station
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Track 2
CO2 Capture and Storage (CCS)

• CCS now recognised as a further CO2 abatement solution
• Separate CO2 at power plant and dispose in oil reservoirs 

or depleted gas fields or saline aquifers
• Design plant with ability to add CO2 capture and storage 

technology at a later date
• Cost of CO2 capture technology offset by CO2 credits and 

value of EOR 
• Net cost of electricity with CO2 capture competitive with 

renewables
• Potential CO2 separation capture technologies

- Post-combustion amine scrubbing
- Pre-combustion separation/oxy-fuel firing



Track 2 
Future Proofing for CO2 Capture Ready

Post-combustion Amine Scrubbing

Future Retrofit:

Coal & Ash 
Handling

Boiler Island FGD 

Steam Turbine Island

DeNOx
Plant

Air

Coal

Flyash

Bottom Ash

Feed
Water

HP 
Steam

IP 
Steam

Cold 
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Flue 
Gas

Sea Water

Sea Water
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CO2 Reboiler
Steam Extraction

ESP

Flue Gas
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Compression

• Space allocated for Capture Equipment



Track 2
Future Proofing for CO2 Capture Ready

Oxy-Fuel Firing



Benefits of “CO2 Capture Ready”
• Future proofing of boiler/turbine plant allows full 

integration with appropriate CO2 capture technology at 
later date at minimum investment 

• Capture ready minimises risk of new 
investments/technologies

• Lower upfront capital cost

• Without ‘capture ready’ may be ‘capture impossible’

• Capture ready plant enables over compliance and a 
possible trading opportunity

• Capture ready plants more able to comply with tighter 
emission limits (i.e Kyoto II?)



Mitsui Babcock Capture Ready 
Activity

• Carbon Capture methods demonstrated at reasonable 
scale on process applications

• Mitsui Babcock leading UK government funded detailed 
design study of utility plant along with leading Utilities and 
Process Equipment suppliers
- Deliverable to be completed in 2006
- Detailed carbon capture supercritical plant design

• Mitsui Babcock role as key integrator of Carbon Capture 
technologies



Budget Cost/Programme

• Budget Cost of retrofit…..600MWe plant
- €160m for Supercritical Retrofit

• Overall programme 24 months
(12 month outage period)

• +€15m for Enhanced Bio-mass Co-firing
• + up to €30-98m for Feedwater Heating Improvements 

• Equivalent New Build Cost (Supercritical only)
- ~€500m 
- Overall programme 40 months



Comparison of Alternatives for Carbon 
Dioxide Abatement

€56-87/t CO2

8 – 11€cent /kWh
(25% capacity factor, 

20 year life)

€245M (onshore) to 
€300M (offshore)

475,000 tCO2/yr
(25% capacity factor)

234 MWe installed Wind 
Turbines

€28/t CO2€16.5/t CO2

Cost of Carbon Dioxide 
Abated (versus 36% efficient 
coal)

4.5€cent /kWh
(80% load factor, 

25 year life)

2.5€cent/kWh
(60% load factor, 
15 year write off)

Cost of Electricity

€615M€160mCapital Cost

3.6M tCO2/yr
(90% reduction

80% load factor)

471,000 tCO2/yr
(17% reduction, 
60% load factor)

CO2 savings versus 
36% efficient coal

600 MWe retrofitted 
with ASR only and 

Carbon Dioxide 
Capture

600 MWe retrofitted 
with Advanced 

Supercritical Retrofit 
(ASR)



Conclusions

Supercritical technology is the preferred clean coal 
technology of the power industry because

• Proven and available today

• Can be future proofed to compete with IGCC and
CCGT plant

• Can be retrofitted on existing plant to deliver CO2

reductions at lower cost 

• Delivers emissions competitive to IGCC and CCGT

• Secures coal plant in a balanced portfolio
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