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IEA World Energy Outlook  – Choice of 3 Futures 

© OECD/IEA 2012  

6DS 
where the world is NOW 
heading with potentially 
devastating results 
 
 

The 6°C Scenario 

4DS 
reflecting pledges by 
countries to cut 
emissions and boost 
energy efficiency 
 

The 4°C Scenario 

2DS 
a vision of a sustainable 
energy system of reduced 
Greenhouse Gas (GHG) 
and CO2 emissions 
 

The 2°C Scenario 
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Without further action, by 2017 all CO
2
 emissions permitted in the 2DS will 

be “locked-in” by existing power plants, factories, buildings, etc 

Source: IEA 2011 



IEA WEO 2011: Emerging economies continue  

to drive global energy demand 

Growth in primary energy demand  
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Global energy demand increases by one-third from 2010 to 2035,  

with China & India accounting for 50% of the growth  

Source: IEA 2011 



Electric Power Generation: 

Fossil vs Non-fossil 
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The share of non-fossil generation has failed to keep pace with the 

growth in fossil-based generation, particularly coal, in 1990-2009. In 2009, 

coal-fired power plants accounted for 73% of total CO
2

 
emissions from the 

power generation sector. 

Source: IEA 2012 



Projection of Coal Demand: The scale of the 

challenge is clear 
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Near/Medium-term Coal Market Report 

Near/medium-term projections for coal consumption are NOT 

consistent with a low-carbon scenario 

Source: IEA 2012 



8 Gt CO
2
 Reduction needed by 2050 

Reduction of CO2 emissions needed from 2010 to 2050  to comply with  the 2DS 

Decreasing  
CO2 intensity  
factor – driven by 
technology 
development 

Reducing output 
from coal-fired 
power stations 
driven by policy and 
regulation 
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Technology improvement coupled with targeted policy and regulation are 

essential to realise the low carbon future target, i.e. 2 DS 

Note: CO
2
 emissions is calculated based on the average carbon intensity factor (1000 gCO

2
/kWh) in coal-fired power plants 

Source: IEA 2012 



Efficiency improvement is VITALLY IMPORTANT 

   Cleaner coal power

           Nuclear power

                            Renewable power

            CCS in power

         CCS in industry

                                Industry

                   Buildings

                      Fuel economy

                  Electric vehicles

 Biofuels for transport

Rationale 

 

• the IEAs 450ppm scenario (2C temp rise by 2050) 

extremely challenging due primarily to humungous 

coal-fired power generation capacities in China and 

India [To comply with the 2DS, CO2 emissions from 

coal-fired power plants must have to peak by 2020] 

 

•CCS deployment is essential to have any chance of 

achieving this target, but progress so far is 

disappointing – primarily for non-technical reasons 

 

•So best practice in terms of efficiency becomes 

relatively more important – less costly and relatively 

easy to do, and should be a priority in the short-to-

medium term 

 

•Clean air is also a driving force for improved design 

and operation in many polluted urban locations 

IEA ETP2012:  

Unlock the incredible potential of energy efficiency 

– the “hidden” fuel of the future 



Large candidate plant base 

So, large achievable mitigation benefits 
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Source: IEA 2012 



Quantify the CO
2
 reduction potential in coal-fired 

power plants – in 2015 | 2030 

IEA CCC new study – CCC/200 

 

• IEA CCC published a report in July 2012, which 

aims to quantify the potential emissions savings 

through efficiency improvement measures and 

replacement with new plants of higher efficiency 

(clean coal technologies) for six coal-consuming 

countries. 

 

•CO2 emissions for 2015 and 2030 were estimated 

using models of coal-fired generating systems for 

three non-OECD countries (China, India and South 

Africa) and three OECD countries (Australia, the 

UK and the USA), which altogether accounted for 

70% of world coal-fired capacity 

 



• The total CO
2
 emissions for China, India and South Africa in 2015 

are estimated at 5.09 Gt. A total saving of emissions of around 

200 Mt/a could follow from increasing the efficiency of all the 

subcritical plants in these countries by 2 percentage points 

 

• Estimated CO
2
 emissions of the 6 countries in 2015 are ~8.2 Gt. 

~1.1 Gt would be saved by replacing subcritical plants by USC or 

modern IGCC plants. As these countries have 70% of world coal 

power capacity, >1.5 Gt could be saved globally 

 

• For 2030, there are greater uncertainties in the sizes of fleets 

and how much they are likely to be used, but greater efficiency 

changes from introducing the new CCTs as A-USC or advanced 

IGCC will then be possible 

 

• The CO
2
 saving in 2030 was highly dependent on assumptions, 

but 0.6-1.1 Gt could be saved in 2030 in these countries. CCS on 

the new plants would increase these savings to well over 3 Gt 

 

General conclusions from the CCC/200 study 



Primary technology pathways to reducing emissions 

IEA High Efficiency Low Emission (HELE) Roadmap 

(3) Install CCS* on plants over supercritical 

(2) Increase generation from high-efficiency technology (SC or better) 
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Supercritical 

HELE Plants with CCS* 

USC 

Subcritical 

IGCC 

* CCS (Post-combustion, Oxyfuel, Pre-combustion CO2 capture )fitted to SC (or better)  units. 

(1) Decrease generation from subcritical 

Source: IEA 2012 



• Phase out lower efficiency and smaller sized power plants 

• Old plants upgrading or large-scale renovation 

 
 

 

Actions needed 





   Achieving higher efficiency on existing 600
o
C  

SC/USC PCC technology 

Shanghai Waigaoqiao  No.3  21000MWe USC Power Plant  

Patent Technology: Cross-compound 

Arrangement at High/Low Position of 

Steam Turbine/Generator  

2 x 1000 MW tower type, ultra-supercritical, single reheat, tangential firing, spiral tube water wall, pulverized 

coal fired boiler. Commissioned in 2008 by Shanghai Boiler Works through technology transfer from Alstom in 

Germany. Steam Parameters: 28MPa, 605oC/603oC. 

year 2008 2009 2010 2011 

Actual net efficiency (Including FGD & SCR) [%] 42.73 43.53 43.97 44.50 

Actual specific coal consumption [gce/kWh] 287.44 282.16 279.39 276.02 

Mitigation of Steam Oxidation  and Solid 

Particle Erosion 

Photo courtesy of SHENERGY Group 



Actions needed (cont.) 
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Advanced-USC 700oC 
Demonstrations are  
being planned from  

2020 - 2025 

Ultra-supercritical 

Supercritical 

Subcritical 

More opportunities should be taken to adopt SC or better technologies in both OECD and 

non-OECD countries 

Source: IEA 2012 



Advanced-USC PCC technology 

Source:  Fukuda M 2010 

Challenge to A-USC technology: to withstand temperatures of 700+oC Ni-based super alloys will 
be needed     





Note: Data for hard coal-fired power plants from VGB 2007, for lignite plants from RWE and C Henderson, IEA Clean Coal Centre; efficiencies are LHV,net 

Action needed (cont.) 

>2030 

 but deep cuts 
only by CCS 

Average worldwide 
hard coal 
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38% 

881 gCO2/kWh 

EU av hard coal 
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Latrobe Valley lignite 
 

28-29% 

1450 gCO2/kWh EU state-of- 
the-art lignite 

43-44% 

950 gCO2/kWh 

51-53% 

750 gCO2/kWh 

Advanced lignite 

Air preheater 

FGD 

Sealing 

measures 

Nox control 

Boiler heatup 

Turbine upgrade 

Feed water pump 

Etc. 

700+
o
C materials R&D 

700+
o
C  

topping cycle 

R&D experience in efficiency improvement in existing coal-fired fleet can feed into R&D in 700+oC technology  



Actions needed (cont.) 

CFBC remains important and needs to move to SC/USC 

 

• Well established, the first SC unit in operation since 2009 in Poland 

• CFBC with USC conditions in utility applications as alternative to PCC, firing any coal 

• Future move to 700˚C steam conditions, taking advantage of materials developments for A-USC PCC 

• CCS using advanced flue gas scrubbing, oxygen firing in 2030s, or chemical looping combustion 

• Cost-competitiveness will depend on sufficient numbers of plants being deployed.  

Courtesy of Foster Wheeler Lagisza 3: 1X 460 MW, the world’s 

first SC CFB power plant  

 



Actions needed (cont.) 

IGCC+CCS may be cost effective 

 

• With the latest 1500C-class gas turbines, efficiencies of 50% (LHV, net) may be achievable;  

• Cost-competitiveness will depend on sufficient numbers of plants being deployed.  

Source: IEA 2012 



Actions needed (cont.) 

Lignite – pre-drying is essential 

 

•Advanced pre-drying processes have been developed, and some are close to commercialisation 

•Can be applied to combustion or gasification-based plants 

•Experience is still limited, and cost reduction is required to be attractive 

Source: IEA 2012 



Recommended actions for near-term 

• Investing in technical improvements/upgrading across the power 

plant system components where appropriate 

 

• Closing down smaller-sized subcritical power generation units 

 

• Deploying supercritical and ultra-supercritical technologies, 

both available now, and further fine-tuning with innovative 

technologies 

 

• Retrofitting advanced pre-drying processes to power plants 

firing low rank lignitic coals (up to a limited proportion of feed) 

 

• Even higher efficiencies will be achieved as A-USC and more 

advanced IGCC become available.  

 

• CCS must be developed and demonstrated rapidly if it is to be 

deployed at a scale sufficient to achieve the 2DS. 
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