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Coal Usage in a Carbon constrained World?

ÅCO2 Emissions. Coal contribution.

ÅInternational Challenge. Potential Pathways to 
Stabilization

ÅCO2 Capture & Sequestration (CCS) and its role in 
Stabilization. 

ÅCCS technologies, development status, key projects in 
development and development needs

ÅThe China challenge and key role of US in climate policy 
and CCS demonstration

ÅSummary - Additional legislative & financial support vitally 
needed (ASAP) for large integrated CCS demonstrations 
in multiple geologies
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Kaya Identity

ÅDerived by Japanese energy economist Yoichi Kaya as a 
formula for calculating human-based CO2 emissions:

F = P * (GDP/P) * (E/GDP) * (F/E)

Åwhere

ïF is global CO2 emissions from human sources, 

ïP is global population, 

ïGDP is world GDP and (GDP/P) is global per-capita 
GDP, 

ïE is global primary energy consumption and (E/GDP) 
is the energy intensity of world GDP, 

ïand (F/E) is the carbon intensity of energy. 
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Options from Decreasing Human-Based CO2

Emissions

ÅCO2 = P * (GDP/P) * (E/GDP) * (F/E)

ÅOptions to decrease emissions by 30% by 2050 from 
2010 levels

ï0.7 = .91 x .91 x .91 x .91

ï0.7 = 1.5 x .78 x .78 x .78  (1%/yr population growth)

ï0.7 = 1.5 x 1.5 x .56 x .56 (1%/yr GDP/P growth)

ï0.7 = 1.5 x 1.5 x 1 x .31 (no efficiency improvement)
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What is the International Challenge?
Coalition Countries:  Ready to Participate Now

Annex B OECD

USA

Greater EU

Japan

Canada

Aus/NZ

Korea

Mexico

Turkey

Russia

Ukraine
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2007 Total CO2 Emissions (Energy/Cement)
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CO2 Emissions ïWorld, China and US 
Billions metric tons/year by Source (EIA IEO 2009)

Country Year Petroleum Natural 
Gas 

Coal Total 

World 2008 11.4 6.1 12.9 30.4

2020 12.6 7.5 15.3 35.4

2030 14.0 8.4 18.0 40.4

US 2006 2.6 1.2 2.1 (91% 
power)

5.9

2030 2.6 1.3 2.5 6.4

China 2006 0.93 0.12 4.95 (50% 
power)

6.0
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International Challenge.                                            
Potential Pathways to Stabilization
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What is possible, ifé

ÅCoalition countries begin abatement immediately

ÅBRIC Group (Brazil, Russia, India, China) begins 
abatement after 2030

ÅRest of world (ROW) begins abatement after 2050

ÅMERGE model used to find least-cost stabilization 
pathway under these constraints



12© 2009 Electric Power Research Institute, Inc. All rights reserved.

Stabilization Targets

CO2limits implied by ñresidualò emissions from non-CO2

gases
CO2-e 

concentration 
(ppmv)

Radiative 
Forcing 
(W/m2)

RF from non-
CO2 gases 

(W/m2)

RF from 
CO2

CO2-only 
concentration 

(ppmv)

2010 Levels 448 2.55 0.72 1.83 392

Target 0 450 2.6 0.95 
(minimum)

1.65 380

Target 1 550 3.7 0.95 
(minimum)

2.75 465

Target 2 650 4.5 0.95 
(minimum)

3.55 540
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Global CO2 in the Optimistic Baseline
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Optimal Global Stabilization Pathways
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ñLocked-inò Emissions from Non-Participants
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650 CO2-e Target is Possible with BRIC Delay

0

10

20

30

40

50

60

70

1990 2000 2010 2020 2030 2040 2050

540 ppmv CO2

Optimistic Baseline

Coalition

BRIC

ROW

B
il
li
o

n
 t

o
n

s
 C

O
2

$30 / ton CO2 in 2020

1% of Gross World Product by 2050



17© 2009 Electric Power Research Institute, Inc. All rights reserved.

550 CO2-e Target Requires Drastic Action in 
Coalition ïEven if Recession Is Long-Lasting
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International Negotiations: Conclusions

ÅRecession has an impact but does not change fundamental realities 
of the stabilization challenge

ÅWith delayed participation by developing countries, achieving 
stabilization at:

ï650 CO2-e is reasonably possible

ï550 CO2-e is extremely difficult

ï450 CO2-e is in the rearview mirror

ÅCoalition benefits from incentives for earlier participation and 
technology adoption in developing world

ÅState Department and Administration have been briefed on this 
analysis

ÅU.S. is re-engaged in international negotiations ïbut pragmatic
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CO2 Capture and Sequestration (CCS)            
and its role in Stabilization
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EPRIôs ñPRISMò Analysis for US Electric Sector
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+80%

EPRI MERGE Analysis Increase in Real 

Electricity Pricesé2000 to 2050

+210%
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Contribution of Energy Technologies to reduce CO2

emissions by 50 percent by 2050                                                                                          
Source: IEA Energy Technology Perspective (ETP), 2008
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CCS in Context

ÅIn July 2009 the G8 Leaders affirm their support for the launch of 20 
large scale CCS demonstration projects globally by 2010 with a 
view to beginning broad deployment of CCS by 2020.

ÅWithout CCS cost of decarbonisation of the global economy could be 
70% higher (also IPCC 2005, IEA 2008)

ÅIEA Energy Technology Perspective (ETP), 2008 Blue Map Scenario 
(reduce GHG by 50% in 2050) concludes CCS will need to 
contribute 20% of necessary emission reductions to achieve 
stabilization in the most cost ïeffective manner.

ÅThe key major CCS technical issue for public and political 
acceptance is multiyear demonstration of valid Sequestration in 
various geologies. However the major cost of CCS is in the 
capture and the associated power loss.
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Demonstration 
Projects

Energy efficiency 
projects

Smart grids

DER and energy 
storage projects

Nuclear projects

PC with CCS     
projects

IGCC with CCS 
projects

Solar, geothermal, and 
other projects

EPRIôs PriorityéAnalysis to Action

Technology 
Challenges

1. Enabling energy 
efficiency with efficient 
end-use technologies 
and smart grids

2. Enabling intermittent 
renewables with 
advanced transmission 
and energy storage

3. Deploying advanced 
light water reactors

4. Deploying CCS by 2020

5. Renewables   

One of EPRIôs goal is to help develop large-scale demonstration projects in 

multiple areas required to meet the PRISM / MERGE analyses goals for a low-

carbon future
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EPRI CCS Demo Projects 

Three project groups comprise six projects:

Description Size

Post-Combustion (PC) with Carbon Capture and Storage (CCS): 
American Electric Power (AEP)

20 MWe

PC with CCS: Southern Company Services (SCS) 25 MWe

Ion Transport Membrane (ITM) for Low-Cost Oxygen Production 150 tons O2/day

Integrated Gasification Combined Cycle (IGCC) with CCS 
Project 1 

TBD

IGCC with CCS Project 2
1,000,000+ tons 

CO2/year

IGCC with CCS Project 3
3,500,000 tons 

CO2/year
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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 

ïcapture and storage

Bench-scaleïpost-

combustion capture

Now Objective

Needs: Multiple large-scale CAPTURE and STORAGE demos

Timing: 2020 objective Č start today, parallel paths

Realistic? A challenge ïneed technical, policy, funding alignment

ñSmallò demos 

(1.7 MW Ammonia, etc.)
Complete larger scale 

capture demos

Commercial 

availability CCS
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CO2 Storage
Injection Into Geological Formations

ÅSaline reservoirs

ï100ôs yrs capacity

ïLittle experience 

ÅEconomical, but lesser 
capacity options

ïDepleted oil and gas 
reservoirs/enhanced 
oil recovery

ïUnmineable coal 
beds/enhanced coal-
bed methane 
recovery

ÅDeep ocean injection not 
acceptable today

Courtesy of Peter Cook, CO2CRC
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What Is the Experience Base
for CO2 Storage?

ÅBritish Petroleum ïIn Salah, Algeria (Krechba)

ÅStatoil ïSleipner, Norway

ÅPermian Basin (West TX and NM)

ï Used in about 35 Permian Basin oil fields for 35 
years; also in 10 other states

ï 20% of total Permian Basin outputðmore than 1 
billion barrels of incremental oil to date

ï About 400 Mt of CO2 are currently sequestered 
in the Permian Basin

ÅFrio CO2 Brine Pilot Test (TX)

ÅNatural gas storage analogs
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CCS technologies, Development status, Key Projects in 
Development and Development needs

ÅEfficiency and CO2 Reduction

ÅPost Combustion Capture from PC and CFB

ÅPre Combustion Capture via IGCC

ÅOxy Combustion via PC and CFB
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CO2 Capture in Coal Power Systems
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PC Plant Efficiency and CO2 Reduction
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CO2 Capture = $, Space, Ultra-Low SO2, and Lots of Energy 

Fresh Water

PC

Boiler
SCR

Steam

Turbine

ESP FGD
CO2

Removal

e.g., MEA

CO2 to use or 

Sequestration

Flue Gas

to Stack

Fly Ash Gypsum/Waste

Coal

Air
Output Penalty: 

Up to 30%

ÅAmine processes commercially available at relatively small 

scale; considerable re-engineering and scale-up needed 

(ultra-low inlet SO2 and NO2 also required)

ÅSteam extraction for solvent regeneration reduces flow to 
low-pressure turbine; significant operational impact

ÅMaximizing output and efficiency requires optimal heat 
integration

ÅPlot space requirements significant; back-end at existing 
plants often already crowded by other emission controls

CO2 to Cleanup

and Compression

Cleaned Flue Gas 

to Atmosphere

Absorber 

Tower

CO2

Stripper 

Reboiler

Flue Gas 

from Plant

CO2

Stripper

Pulverized Coal With CO2 Capture ï
Integration Issues
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PC Operating Units w/ CO2 Capture (Today)

ÅThree U.S. small plants in operation today:

ïMonoethanolamine (MEA) based

ïScale ~ 330 mt/day (15 MWe)

ïCO2 sold as food grade ~140$/ton

ÅMany pilots planned and in development:

ï5 MWth Chilled Ammonia Pilot (Alstom, EPRI)                                   
Operations begin 1st Q 2008,                                                              
AEP 30 MWth at Mountaineer, WV                                                  
and further scale-up at OK site.                                                
Other Projects planned in Europe                                                              
with EoN and Statoil. 

ïMany other processes under development

Only Demonstrated on a Small Scale to Date

AES Cumberland ~ 10 MW

Assessment of Post-

Combustion Carbon 

Capture Technology

EPRI

CO2

(Report 1012796)


