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The future is not what it 
used to be

10th EUROPEAN CONFERENCE ON COAL RESEARCH AND ITS APPLICATIONS (10th ECCRIA), Hull, UK,  2014



The UN’s 2014 population 
projection

• Population Data: New UN population data. Compared to the previous projections, the global 
population is higher than previous prediction in 2100.

• Electricity demand is based on U.N. world population and urbanization projections and an 
assumption of national per capita electricity consumption rising towards a world standard

medium-, high and low-fertility variants for 
2015 and later

World urban and rural population, 1970-2050

10th EUROPEAN CONFERENCE ON COAL RESEARCH AND ITS APPLICATIONS (10th ECCRIA), Hull, UK,  2014



Why we need Coal: Bridge to a 
sustainable energy future

Population (left panel) and emissions 
(right panel) for three representative 
emission categories. The darker part of 
the bars shows figures for 2003, and the 
lighter one the additions from 2003 to 
2030 (e.g. the whole bars show the 
figures for 2030). 

Chakravarty, Socolow, and Tavoni 

Global Growth Scenario

National per capita electricity 
consumption rising towards a 
world standard: an increase of 
nearly a factor of three by mid-
century.

The total deployment of 1000 
Gigawatts electric (GWe) globally 
is nearly a tripling of today’s 
deployment  



Why we need Coal: Bridge to 
a sustainable energy future

EIA projection of world energy growth in consumption by fuel type with historical data up to 
2013.

• The irresistible force: fossil fuels, as vital as ever.
• Coal demand knows only one direction: up
• The permanent object: climate change, which looms worryingly. 



Why we need Coal: Bridge to 
a sustainable energy future

• It is abundant (IEA): proven reserves amount to over 
100 years of current consumption (BP).

• They are mostly in politically stable places (unlike oil).
• There is a wide choice of dependable sellers.
• No state interference and cartels, but in this industry 

consumers—in heating, power generation and 
metallurgy—are firmly in charge, keeping prices low. 

• Once powered the industrial revolution, it now offers 
the best chance for poor countries wanting to get rich.

Coal is the backbone of power production

Why we need Coal: Bridge to 
a sustainable energy future



Ageing power plant 
infrastructure is a challenge 

UK Plan
•The UK is facing a critical tightening of 
electricity supply as older thermal 
power plants are retired and 
investment in new capacity is delayed 
on regulatory uncertainty.
•11.5 GW of scheduled coal and oil 
plant closures by 2016 (generators 
opting out of the Large Combustion 
Plant Directive).
•6.5 GW of nuclear capacity is 
scheduled to close by 2020 (2.8 GW of 
this by 2016). 
•If there is a capacity crunch it is 
possible some of these plants may 
receive life extensions. Breakdown of scheduled and potential UK plant retirements



The Greenhouse Gamble

No Policy
With Policy

Policies enacted:. The median warming level or 
the temperature at which there is a 50% 
chance of falling above or below that level 
(even odds) is 2.3 °C. 

No Action: . The median value of the "no policy" 
wheel, or the temperature at which there is a 50% 
chance of falling above or below that level (even 
odds) is 5.2 °C.

Part of Action Plan: Directed technical change and the adoption of 
CO2 abatement technology: The case of CO2-CCS for coal fired 

power plant; 



Commitment Accounting of 
Power Plant CO2 Emissions

• Coal Plants Lock-in 300 Billion Tons of CO2 Emissions
• full lifespan of each of the existing power plants — 40 years per 

plant 
• additional 20 ppm of CO2 to the atmosphere globally

• Coal fired power plant emission in 2011 : U.S. 1.87 billion tons of CO2 
(DOE) and Worldwide 14.4 billion tons of CO2.

• Worldwide, we’ve built more coal power plants in the past decade 
than in any previous decade.

• Global power sector’s CO2 commitments are growing 4% each year 
(2000-2012), and have not declined at all since 1950.

• Accounting for future CO2 commitment is critical for policymakers 
and the power sector to better understand their role in a changing 
climate and what can be done to reduce CO2 emissions globally.



Commitment 
Accounting of Power 
Plant CO2 emissions

Global view of electric power from 2012 view. 
Assumed 40-year life for power plants, updated 
for retirements and plant-life extensions. 
Remaining emissions are 307 GtCO2. 

In 2012 China had half of the world’s 
commitments, other developing countries had 
more than half, and the U.S. was disinvesting. 
Note the U.S. “rush to gas,” 1998-2002. 



Commitment Accounting of 
Power Plant CO2 emissions

• Commitment accounting of CO2 emissions provides critical information about 
future emissions related to infrastructure that currently exists or might be built.

• Every 6 GW of new coal-fired capacity has been committing the world to 1 Gt 
CO2 of emissions, and so has every 12GW of gas-fired capacity.

• Fossil power is expanding globally, overall reductions in the commitments from 
existing coal-fired generators can be achieved by CCS retrofitting.

• Steven Davis & Robert Socolow (MIT)



A cheap, abundant and flexible 
fuel, with just one problem

GHG Emissions and Mitigation Potential
• Coal-fired power will remain in high demand. In the coming decades, coal will 

remain the dominant fuel of the power sector, rising to 44% of the global 
power generation mix and accounting for 66% of the power-generation sector’s 
emissions by 2030.

Development and Deployment:
• RD&D challenges to the development and deployment of clean coal 

technologies and practices include:

• varying qualities of coal; the high upfront cost of advanced clean coal 
technologies; lack of appropriate price, financial, legal, and regulatory 
frameworks; Insufficient information; inadequate operations and 
maintenance skills; and insufficient research, development, and 
demonstration.



The Future of Coal Fired 
Power Plants

• New Technology: Three tiers of coal fired power plants: 
supercritical, ultra-super critical, and advanced ultra-
supercritical technology.
• Reducing coal consumption + non GHG emissions

• Old Technology: sub-critical generation in operation and half 
of current coal-generating capacity is over 25 years old. 

• New technology will not provide the emissions reductions 
necessary to achieve the 2C warming scenario by 2050.

• Advanced coal power plants will provide a vital link between 
conventional coal-generated electricity and CCS-generated 
electricity. 

• The 2C scenario requires substantial worldwide 
implementation of CCS with advanced coal power plants 
starting in the 2030s and going on into the 2050s. 



High-Efficiency, Low-Emissions 
(HELE) Coal Technologies

• GHG Emissions and Mitigation Potential

• HELE coal technologies can meet power demands and mitigate 
emissions.

• 1.4 gigatonnes (Gt) of CO2 per year can be reduced if coal-fired power 
plants older than 20 years (with average LHV efficiency of 29% or lower) 
are replaced by plants with efficiencies of 45%.

• Opportunities to Accelerate Development and Deployment: Supporting 
innovation:

• Identify HELE coal technologies prioritized for innovation, based on national 
circumstances.

• Formulate roadmaps for HELE coal technologies including, where appropriate, 
setting nationally appropriate RD&D goals..

• Accelerating deployment:

• Facilitating information sharing:



Projected Capacity of Coal-Fired 
Power Generation to 2050

Data generated 
from Platts & 
CARMA (IEA)



Can “Ultrasupercritical”
Technology Save Coal Power?

Reducing CO2 emissions from pulverised coal fired power generation (IEA, 2012)



Sub Critical Coal  Fired 
Power Plant



Coal gasification with conventional 
gas turbine combined cycle plants





Air-fired Ultra Supercritical coal 
plant

Supercritical Furnace Enclosure 
Design for 540C
Steam P&T: 24MPa, 540C to 565C
Pressure Control: Constant 
Pressure 
Steam T Control: Feed water: 
Firing Rate Ratio, nominal single 
stage spray attemperation



Air-fired Ultra 
Supercritical coal plant

B&W State-of-the-Art 600C USC Steam Generator 

• Ultra Supercritical (USC) Furnace 
Enclosure Design for 600C

• Variable Pressure Control
• The USC start up system: vertical steam 

separators (VS) and a water collection 
tank (WCT) along with a boiler 
circulation pump (BCP) to return VS 
water drains back to the economizer 
inlet. 

• Research and Technology 
Challenges:

Boiler: Super-alloys (corrosion 
resistance), Fabrication, welding (75mm 
thickness)
Turbine: Super-alloys for Blades, Rotors 
and  welding (Casting) 



High temperature (700C-760C)
Generation efficiency to around 50% (LHV)
Advanced alloys for HP and HT steam
Two-pass designs used for 600C USC
A-USC: 
• 150C increase in the outlet mainstream 

temperature,  
• Fw = 66C higher fluid outlet temperature 

over the present supercritical design
Research and Technology Challenges:
• Boiler: Super-alloys (corrosion resistance), 

Fabrication, welding (75mm thickness)
• Turbine: Super-alloys for Blades, Rotors and  

welding (Casting) 

Advanced  (Air/Oxy) Ultra 
supercritical coal plant (A-USC)



Oxyfuel supercritical coal 
plant

• Existing SC & USC coal-fired power plants can be 
converted to oxyfuel combustion with no change 
to the plant water-steam cycle.

• Limited alterations to the air quality control 
system  are needed.



Unconventional power 
cycles using coal

• SC& USC:  reaching both 
theoretical and practical 
efficiency limits. 

• Post-combustion carbon 
capture equipment – are 
expensive and energy 
intensive.

• Entirely new power cycle from 
the ground up was developed.



SaskPower Boundary Dam Unit 3 CO2 capture project 
• Final approval on 26 April 2011

•First CCS power project in the world

• $1.4-billion project

• Refurbish sub-critical unit

• Capturing ~ 1Mt CO2 /yr

• EOR opportunities in Saskatchewan

• Commissioning ~ 2014

• Cansolv (Shell subsidiary) post-combustion capture

• Hitachi Canada boiler, modified steam turbine , air quality control 
system

• SaskPower cancelled a 400MW supercritical PC oxyfuel project at
their Shand site in 2007, so have considerable CCS experience



Edward Davey , 
Secretary of State for 
Energy and Climate 
Change

Our old power stations are closing, 
and will need to be replaced. That 
represents a great opportunity to 
invest in low carbon energy, creating 
jobs, saving carbon and developing UK 
knowhow and components to export 
to other countries which also need to 
build new energy generation. The UK 
is now leading Europe with two 
commercial scale CCS projects in 
development, which are part of the 
Government’s Top 40 Infrastructure 
projects

Coal and other fossil fuels will be “a 
major part of our energy future for 
decades,”
Research on the development of clean 
coal technologies is needed to combat 
climate change.
No discussion of U.S. energy security and 
reducing global CO2 emissions is 
complete without talking about coal—
and the technologies that will allow us 
to use this resource more efficiently and 
with fewer greenhouse gas emissions

US Energy Secretary Ernest 
Moniz: (29/07/2014)

Coal in "our Energy Future for Decades" 





www.pact.ac.uk

UKCCSRC Pilot-scale 
Advanced Capture 
Technology (PACT) National 
Facilities





PACT Core Facility components



Carbon Capture Plant
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Flicker study: 200kWth air coal combustion (benchmark simulation)

Instantaneous experimental 
temperature distribution

Instantaneous image

1Experimental Images and data courtesy of Kent University

LES instantaneous 
temperature distribution

Experiments LES
Flicker (Hz) 6 - 9 5.3
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RD&D
Innovation



Interventions to date CCS 
Commercialization Programme 



Concluding remarks

• We are very likely to need substantial contributions from coal with 
CCS in order to meet marginally prudent goals such as doubling of 
pre-industrial CO2 concentrations
• This is in addition to improved efficiency, more natural gas, nuclear power 

and renewables

• At recession and difficult times, we do not seem able to generate 
the sense of urgency required to deal with environmental 
challenges

• The building blocks for enabling advanced coal fired power plants 
with CCS to be viable options for the energy marketplace when CO2 
pricing is substantial are clear, but the commitment to utilize them 
remains inadequate

• Researchers have a very important role to play on making coal a 
fuel for future. 



The National Corporate Energy Lab:
POWER 2050 (POWER FACTORY 2050)

National “Corporate Lab” facility (POWER 2050) based at AMP 
(Factory 2050) that will combine conventional, nuclear and 
unconventional power generation research together with advanced 
materials, working closely with industry and governments to support 
both prototype and production opportunities.





Rosetta Stone: To raise the concentration of CO2 in the 
atmosphere by 1PPM: add 7.8 billion tons of CO2 in 
which are 2.1 billon tons of carbon. 

Today: 3000bt CO2 (390ppm), 750 tonne/S, global per-
capita emissions are ≈ 4 tCO2/yr. 



As developing nations like China and India and other countries become more industrialized and 
build more and more coal-fired power plants -- China and India account for more than half of all 
the coal used on the planet -- the world is being committed to more and more CO2 emissions in 
the coming years.

Coal, the most carbon-intensive of the fossil fuels, accounts for 70 percent of energy used in China 
today and is responsible for about three quarters of electricity generation.

In just 5 years, from 2005 through 2009, China added the equivalent of the entire U.S. fleet of coal-
fired power plants, or 510 new 600-megawatt coal plants.

From 2010 through 2013, it added half the coal generation of the entire U.S. again.

At the peak, from 2005 through 2011, China added roughly two 600-megawatt coal plants a week, 
for 7 straight years. 

And according to U.S. government projections, China will add yet another U.S. worth of coal plants 
over the next 10 years, or the equivalent of a new 600-megawatt plant every 10 days for 10 
years



Increasing the efficiency of the Rankine regenerative-reheat 
steam cycle 

• Increasing the superheated steam temperature is the single most 
effective way to increase the net electrical efficiency of PCC plant

Initial design: to use a “two pass” steam generator with a 
pendant and horizontal tube bank arrangement

12% decrease in fuel cost and CO2 emission reduction and 
lower cost of cleanup 



High-Efficiency, Low-Emissions 
(HELE) Coal Technologies

GHG Emissions and Mitigation Potential
• HELE coal technologies can meet power demands and mitigate emissions.
• 1.4 gigatonnes (Gt) of CO2 per year can be reduced if coal-fired power plants older than 20 years (with 

average LHV efficiency of 29% or lower) are replaced by plants with efficiencies of 45%.

Opportunities to Accelerate Development and Deployment: Supporting innovation:
• Identify HELE coal technologies prioritized for innovation, based on national circumstances.

• Formulate roadmaps for HELE coal technologies including, where appropriate, setting nationally 
appropriate RD&D goals.

• Enhance international collaboration on RD&D of HELE coal technologies.

Accelerating deployment:
• Develop effective capacity-building measures in such areas as operations and maintenance (O&M) for 

improving and maintaining the energy efficiency of a coal-fired power plant.

• Develop an effective technology transfer mechanism to promote international dissemination of clean and 
efficient technologies (including HELE coal technologies) and an effective mechanism to match 
technology needs with technology owners and financial sources.

Facilitating information sharing:
• Identify and utilize ongoing international initiatives that collaborate on HELE coal technologies (e.g., APP 

and IEA) and  updates on new and available technologies, related work in research and technology 
development, pools of competence, etc.

• Develop an international initiative for creating “international technology hubs” in key sectors (e.g., power 
sector) using the expertise of existing international  forums (e.g., IEA).



Oxyfuel Supercritical Coal Plant



• Clearly the 2nd generation of a CO2 capture technology will be better 
than the 1st generation and the 3rd better than the 2nd – and so on.  This 
is ‘learning by doing’!

• However a novel technology that first comes to the market at the same 
time as 2nd, 3rd etc. generations of established technologies cannot itself  
be anything but a 1st generation of that particular novel technology. 

47

Incremental development and novel 
technologies – need both

• Novel technologies may be better than later generations of pre-
established technologies when they both come to the market – but this 
cannot be taken for granted as for true 2nd and 3rd generations of a 
technology compared to the 1st generation of the same technology.

• It is a common fallacy (or deliberate attempt to imply superiority) to call 
novel CO2 capture technologies ‘2nd or 3rd generation’ - when they 
come to market they will be 1st generation examples of that 
technology.

• Novel technologies will also need incremental development!



Overall Process Layout for Oxy-Fuel Combustion Power Cycle Utilizing a Pressurized Coal Combustor ( 
Gazzino & Benelli)



oxy‐fuel, supercritical carbon dioxide 
cycle 


