October 2008

NATIONAL EN=SRGY TECHNOLOGY LASORATORY

B g & AT 7l
U.S.-China Cooperative CCS Activities

Scott M. Smouse
Senior International Manager / Strategic Center for  Coal

scott.smouse@netl.doe.gov * 412-386-5725

EU-China Cooperation on Near Zero Emissions Coal
Beijing, China « 28-29 October 2009




National Energy Technology Laboratory

Advancing Energy Options to Fuel our Economy,
Strengthen our Security, and Improve our Environmen t

* Only government owned & operated DOE national labor  atory
» Dedicated to energy RD&D

 Fundamental science through demonstrations

* Unique industry—academia—government collaborations

* >600 Federal employees and >600 onsite contractors

* Over 1,300 activities in U.S. and >40 foreign count  ries with total
award value of ~$11B including ~$6B in private sect  or cost-sharing

e FY2009 budget $2.6B + $18.9B under 2009 American Re covery and
Reinvestment Act + financial management of ~$941M f  or EE/RE
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Pittsburgh, PA

Morgantown, WV
Fairbanks, AK

NETL’S #\ h L
5 FACILITIES e Sugar Land, TX

NATIONAL ENSRGY TECHNOLOGY LASORATORY



U.S. Commitment to CCS
Largest Investment of any Nation

 DOE Secretary Steven Chu, at Ministerial Meeting of
Carbon Sequestration Leadership Forum (CSLF) on 12
October 2009 in London, noted:

« $4 billion from federal govt. matched by ~$7 billio  n more
from U.S. industry
— $1.4B for 5 commercial coal-fired power plant CCS demonstrations
— ~$1.6B for 5 industrial CCS retrofit demonstration projects
— ~$100M for beneficial CO, reuse demonstration projects
— $50M to evaluate geological formations for large-scale CO, storage
— $20M training grants to develop necessary workforce
— ~$400M to develop new CO, capture and compression technologies

— >$500M over next 10 years for sequestration science and monitoring
through 7 DOE Regional Carbon Sequestration Partnerships

— >$1B for FutureGen
— U.S.-China Clean Energy Research Center
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New High-Level U.S. — China Cooperatlon
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. China-USA Joint Research Center on Clean Energ
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U.S.-China Clean Energy MOU to Enhance Cooperation on
Research Center Climate Change, Energy & Environment
« Announced July 15, 2009, by U.S. » Signed July 28, 2009, by U.S. State Dept.

Energy Secretary Steven Chu, Chinese  Special Envoy for Climate Change Todd
Minister of Science Wan Gang, and Stern, U.S. DOE Assistant Secretary for
Chinese Administrator of National Policy & International Affairs David Sandalow

Energy Administration Zhang Guo Bao and China’s NDRC Vice Chairmen Xie
« U.S. and China together pledged $15 Zhenhua and Zhang Xiaogiang
million to support initial activities related *Builds on past efforts, including Ten Year
to building energy efficiency, clean coal ~ Framework for Energy & Environment
including CCS, and clean vehicles Cooperation
* Promote joint RD&D and transfer on climate-
friendly technologies
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DOE/FE-China Fossil Energy Protocol

* Between DOE and China's Ministry of Science and
Technology
— Signed in 2001 for initial 5 years
— Renewed in 2005 through 2010

* Promote cooperation in fossil energy RD&D

* Five Annexes
— Annex |: Power Systems
— Annex Il: Clean Fuels
— Annex llI: Oil and Gas

— Annex IV: Energy and Environmental Control
Technologies

— Annex V: Climate Science
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US-China Fossil Energy Cooperation Protocol

Annex Il — Clean Fuels

- West Virginia University (WVU) / Shenhua
Project
- WVU worked with Shenhua Group Corporation
since 2003, with DOE funding
- DOE and China’s NDRC agreed to cooperation on
Shenhua CTL project in March 2005
. Shenhua Group developed world’s 15t direct coal ]
liguefaction (DCL) plant in Ordos, Inner Mongolla 5l i
(1-million ton/year) '
. With support from DOE and NDRC, WVU and
Shenhua Group evaluating economic and
environmental impacts of DCL technology
. Recently completed CCS prefeasibility study
- WVU to host US-China Clean Coal Technology
Workshop in Morgantown, WV, with China
Shenhua Coal to Liquid and Chemical Company

Ltd.
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U.S.-China Fossil Energy Cooperation Protocol
Annex IV — Energy & Environmental Control
Technologies

* Aqueous Ammonia CO , Scrubbing

— NETL and National Power Plant Combustion Engineering
Research Center (NPCC)
» 3-stage tower demonstrating high CO, capture rates
e U.S.-China Symposium on CO , Emissions Control
Science & Technology
— Initial event organized in Hangzhou by NETL and
Zhejiang University in 2001 as inaugural Protocol activity
— Highly successful 2" event organized in Hangzhou by
Columbia University and Zhejiang University in 2008
« 130 total participants
— Next symposium planned for early 2010
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U.S.—China CCS-Related R&D Collaboration
New Bilateral Agreements
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SHENHUA GROUP CORPORATION LIMITED

« NETL/PNNL — Chinese Academy of Sciences (CAS)
Institute of Energy and Power
— advanced coal conversion and CCS
* NETL — Chinese Academy of Sciences (CAS) Institute o f
Process Engineering
— computational modeling and simulation
« NETL — China National Petroleum Corporation (CNPC)
— oll and gas (including E&P), gas hydrates, CBM, and CCS
« NETL — Shenhua Group

— clean coal technologies, especially CCS
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Multilateral Cooperation

i Asia Pacific Partnership
— on Clean Development and Climate (APP)

* |Innovative, public-private partnership to accelerat e
development and deployment of clean energy technolo gies

e Australia, Canada, China, India, Japan, Korea, Unit ed States
— >50% of world's economy, population, and energy use
— 65% of coal, 62% of cement, 52% of aluminum, and >60% of steel

* Eight Task Forces
1) Aluminum
2) Buildings and Appliances
3) Cement
4) Cleaner Fossil Energy
5) Coal Mining
6) Power Generation & Transmission
7) Renewable Energy and Distributed Generation
8) Steel
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APP Cleaner Fossil Energy Task Force

e Chair — Australia, Co-Chair — China

« 17 projects to date spanning trade, finance, regula  tory,
risk, technology evaluation & demonstration, public
education

e Guidelines for Safe and Effective Carbon Capture an d
Storage: Building Regulatory Capacity (2008-2010)

— Tsinghua University and World Resources Institute (WRI)

— Phase I: Translate WRI CCS U.S. guidelines into Chinese; identify
gaps and information needs for China’'s CCS guidelines; conduct
study tours and workshop in U.S.; conduct stakeholder meetings in
China

— Phase II: Define recommendations for post-closure stewardship
phase; analyze approaches taken by other countries; propose
approach appropriate to regulatory and legal environment in China;
publish recommendations
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APP Cleaner Fossil Energy Task Force
Wyoming-Shanxi CCS Cooperation

Wyoming State Geological Survey (WSGS), University  of
Wyoming, and Shanxi Province S&T Commission

— Wyoming: leading U.S coal-producing state

— Shanxi Province: leading Chinese coal-producing province
Obijective:

— Build capacity through training and joint geologic assessments

— Identify potential CCS demonstration projects
Supported by China State Council; NEA gave verbal
approval to submit project for formal APP registrat lon
MOU to be signed November 2009

Proposed expansion under APP to Shaanxi Province
— WSGS and Shaanxi Institute of Energy Resources & Chemical
Engineering signed MOU
 WSGS visiting Shanxi/Shaanxi Provinces in October 2 009

« 3-D model of Ordos Basin to evaluate EOR opportunit  ies
(_Z NATIONAL SENSRGY TECHNOLOGY LAS0ORATORY



Preliminary Simulation Results of Geological CO

Sequestration into Saline Aquifer, Majiagou Limesto

ne,

Ordos Basin, Shaanxi Province

Wyoming State Geological Survey and Shaanxi Institu

te of Energy

Resources and Chemical Engineering, October 2009

Simulation of CO ,
Sequestration Capacity

Simulation Area

Carbon Dioxide Storage Capacity and Cumputation
Parameters for the Majiagou and Yanan Formations,

Input Parameters
Formation Depth
Formation Thickness
Effective Porosity
Temperature

Dissolved NaCl
Percentage of Injection

Calculated Parameters
Formation Pressure

CO2 Density

CO2 Fugacity Coefficient
CO2 Henry's Constant

CO2 Aqueous Mass Fraction
Aqueous Density

VWater Content

Fixed Parameter
Mass of Injected CO2

Results

Formation Supercritical C0O2 Capacity
Formation Dissolved CO2 Capacity
CO2Z Plume Aerial Extent

CO2 Plume Volume

Supercritical C0O2

Dissolved CO2

In mcf

In sq mile

R

Shanbei Slope 300 X 380 km
Total CO2 Could Be Rejected

Majiagou Limestone
Value Unit

3000 meters
500 meters
10.00%
110 C
1.5 molal
1

2.94E+07 Pa
613.22 kg/m3
0.57
T.94E+08 Pa
0.05 kg/m3
1.02E+03 kg/m3
7.00%

5.00E+07 tonnes

18.40 kg/m3
3.69 kg/m3
4.53 km2
226 km3

4.16E+07 tonnes

8.35E+06 tonnes

8.77E+05 mcf
1.77 ml~2
0.75 mi

114000 km~ 2
1.26E+12 tonnes
1.26E+-06 MT
1.26E+03 GT

Yanan Sandstone

Unit
2500.00 meters
200,00 meters
10.00%
90.00 C
1.20 molal
1.00

2.45E+07 Pa
626.40 kg/m3
0.54
6.51E+08 Pa
0.05 kg/m3
1.02E+03 kg/m3
8.12%

5.00E+O07 tonnes

21.80 kg/m3
4.09 kg/m3
9.66 km2 5
1.93 km3
4 21E+07 tonnes
7.90E+06 tonnes
7.23E+05 mcf

3.77 mi~2 0
110 mi
11400000 km* 2
5.90E+11 tonnes

5.90E+05 MT
5.90E+02 GT

NATIO N6I.

Shanbei Slope, Ordos Basin
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APP Cleaner Fossil Energy Task Force
Young Scientist & Engineering CCS Leadership Progra m

« Capacity building for CCS R&D with China and India

« 1-2 year assignments at NETL for visiting researche rs
from leading Chinese and Indian universities and
other organizations

* Preliminary approval by China’s National Energy
Administration (NEA) and India’s Ministry of
Environment and Forests (MOEF)

e Expected start in early 2010
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Screening-Level Assessment of CO , Enhanced

Oil Recovery Opportunities in China
Advanced Resources International, Inc. for Powerspan Corp.

August 2009
e CO,-EOR technology could be applied to >220 billion ba  rrels of
stranded oll resources in main Chinese oil basins
« Could technically recover >40 billion barrels oila  nd store >12 Gt CO ,,

Two Basins Show

Most Potential
CO,-EOR technically
recoverable resources
« Bohaiwan: 18 billion barrels
« Songliao: 9 billion barrels
CO, technical storage potential
* Bohaiwan: 5.4 Gt
« Songliao: 2.4 Gt
Longest history of hydrocarbon

exploration in China
Located near significant sources
of anthropogenic CO, emissions

@ NATIONAL ENSRGY TECHNOLOGY LASORATORY
14



China: Geologic Storage Potential
Pacific Northwest National Laboratory (PNNL), Octob  er 2009

China has adequate deep geologic CO , storage capacity
to meet likely demand for >100 years

90% of large stationary sources
located within 100 miles (160 km) of at
least one identified storage formation

85% have at least one storage option
within 50 miles (80 km)

China may have 2,300 Gt of onshore
CO, storage capacity:

2,290 Gt in deep saline formations
12 Gt in coal seams

4.6 Gt in oil fields

4.3 Gt in gas fields

Additional 780 Gt of CO , storage
capacity in offshore basins

O

Source: PNNL, Establishing China’s Poteit'gl for Large Scale, Cost Effective Deployment of
Carbon Dioxide Capture and Storage, October 2009, PNNL-SA-68786



China: Geologic Storage Potential
Natural Resources Defense Council (NRDC), October 2 009

Summary of China’s Potential CO , Storage Capacity

Initial assessments suggest that China has sufficie nt deep saline formations to
sequester up to 3,066 GtCO , — more than 450 times total CO , emissions in 2005

Distance of CO , Sources from Nearest Storage Reservoir

Source: http://www.nrdc.org/international/chinaccs/default.asp




China: Geologic Storage Potential
Natural Resource Defense Council (NRDC), October 20 09

Locations of Promising
CCS Opportunities

Source: http://www.nrdc.org/international/chinaccs/default.asp




Stanford University’s
Global Climate Energy Project (GCEP)

« Unique collaboration of world’s energy experts from research
Institutions and private industry

e Support and participation of four international companies
(ExxonMobil, General Electric, Schlumberger, and Toyota)

e Sponsors to invest $225 million over decade or more

e Launched in December 2002

Collaborative Research on Carbon Sequestration
In Saline Aquifers in China

Funding: ~US$2 million
July 2009 - August 2011
Peking University, China University of Geosciences at Wuhan,
and University of Southern California
Systematically investigate fundamental issues associated with
large-scale CO, sequestration in saline formations in China
Integrated geological modeling, reservoir simulation, and
laboratory

O

Source: Stanford University GCEP website, http://gcep.stanford.edu/research/factsheets/co2aquiferschina.html



U.S. Private Sector Engages China on CCS

* Duke Energy and China Huaneng Group (August 2009)

— Press Release: “One key focal point will be emerging cleaner-coal
technologies including carbon capture and sequestration and coal
gasification.”

* Duke Energy and ENN Group (September 2009)
— Cooperation to develop commercial solar projects, coal-based clean
energy, biofuels, natural gas, smart grid, energy efficiency, and
carbon-capturing algae

e Southern Company, KBR Inc., and Beijing Guoneng Yin  ghui

Clean Energy Engineering Co., Ltd. (September 2009)

— Demonstrate TRIG™ gasification technology at Dongguan Tianming
Electric Power Co., Ltd.’s 120-MW plant

— BGYCEE awarded contract to KBR for licensing, engineering
services and proprietary equipment

— Expected to begin operation in 2011

— “...Its deployment in China is an important step toward positioning

O IGCC for future integration with carbon capture technology.”



Multilateral Cooperation

 Asia Pacific Economic Cooperation (APEC)

— Premier government-industry forum for facilitating
economic growth, cooperation, trade, and investment in
Asia-Pacific region through non-binding commitments,
open dialogue and equal respect for views of all
participants

— 21 developed and developing Member Economies that
account for about 40% of world's population, 54% of
world GDP and 44% of world trade

— Expert Group on Clean Fossil Energy (EGCFE)

e Chaired by DOE since its inception in 1993
 Annual Clean Fossil Energy Technology and Policy Seminar

* Projects spanning technology evaluation & demonstration,
regulatory, risk, finance, social perceptions and acceptance



APEC EGCFE Geosequestration Project

* Phase | — Assessment of
Geologic Storage Potential for
CO,in APEC Region

— Covered Southeast Asia, with
major focus on China

— Among first studies on China’s
CO, geologic storage potential
(2005; English references)

— Did not quantify storage potential,
but rather assessed general
storage prospectivity of
selected sedimentary basins

— China has ‘very high’ emissions
and moderate to high
prospectivity for storage



APEC EGCFE Geosequestration Project

* Phase Il — Capacity Building for Assessment of Geolo  gic
Storage Potential for CO ,in the APEC Region
— Pilot workshop held in conjunction with 1st International
Symposium on CO, Reduction & Storage, in Seoul, Korea,
January 2005
* Phase |l — Capacity Building for Assessment of
Geologic Storage Potential for CO ,in the APEC Region
— China & Mexico, both focused on EOR
 Phase IV — Increasing the Knowledge and Awareness
of Carbon Capture and Storage: Capacity Building in
the APEC Region (GCCSI support)
— Joint APEC/IEA/MEMR Workshop in Indonesia (Nov. 2009)
— China workshop proposed for early 2010 with Zhejiang
University
* Phase V — additional workshops being proposed for 2010



APEC EGCFE Capture Ready Project

e Planning and Cost Assessment Guidelines for Making
New Coal-Fired Power Generation Plants in Developin g
APEC Economies CO , Capture Ready

 Awarded to Aurecon Group

* Objectives:
— ldentify factors under control of power plant developers that prevent
Installation and operation of future CO, capture facilities
— Provide authorities involved in permitting power plants are provided
with sufficient information to be able to judge whether developers
have met these criteria
e Tasks:
— Review related work in APEC and OECD economies and IEA

— ldentify several power plant projects in early siting, planning, and
design stages for case studies

— Develop conceptual plant designs
— Develop set of general planning and cost assessment guidelines

O



U.S.—China CCS-Related R&D Collaboration
Multinational Activities

ALLIANCE China Huaneng joined Industrial Alliance

Carbon Sequestration Leadership Forum
U.S. and China joined as Members

Global CCS Institute
U.S. joined as Foundation Member
and China as Contributing Member
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