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Preface

Over the last three years, the Environment and Natural Resources Program 
(ENRP) at the Belfer Center for Science and International Affairs has 
hosted a number of senior Chinese practitioners from government as 
part of ENRP’s China Environmental Sustainability Fellowship Program, 
sponsored by the Energy Foundation China. In the course of their 
fellowship, they often focus on energy or environmental topics—or on 
other issues of great importance to China—and produce one or more 
papers, summarizing their insights and conclusions. 

These papers have value, not only in providing officials and scholars 
in both the United States and China with a greater understanding of 
the topics, but also providing perspectives on questions of importance 
that contribute to the ongoing policy debates in both countries. These 
are not traditional academic papers, but rather overviews of important 
issues written by practitioners who have on-the ground experience and 
knowledge and will be part of the policy making process in China.

The Belfer Center feels privileged to host these fellows and to provide this 
forum for the products of their work at the Center.

Henry Lee 
Director, Environment and Natural Resources Program
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I.  Introduction

The world has witnessed a new era of cooperation on climate change 
between the United States and China. This cooperation between the 
world’s two largest economies and carbon emitters played a fundamen-
tal role in the international negotiations leading up to the adoption of 
the Paris Agreement in December 2015. This includes, in particular, 
the joint announcement of their respective post-2020 climate actions 
in November 2014 and the crafting of common visions on key issues 
related to the Paris Outcome in September 2015. The world has high 
expectations that the United States and China will enhance their future 
collaboration on climate change. These expectations will be the corner-
stone of translating the Paris vision into action. Furthermore, the Joint 
Presidential Statement released in March 2016 also stressed that “joint 
efforts by the United States and China on climate change will serve as 
an enduring legacy of the partnership between our two countries”.  

Low-carbon technology1 innovation and relevant international 
cooperation will play a key role in unlocking the potential to reduce 
greenhouse gas (GHG) emissions and build a low-carbon and cli-
mate-resilient economy in a cost-effective manner. Low-carbon 
technology is also one of the most important aspects of U.S.-China 
cooperation on climate change and will likely be the cornerstone of the 
work the two countries have ahead of them as they strive to turn the 
political momentum put in place by their two Presidents into tangible 
outcomes. 

The past decades have seen a number of results and achievements 
on the technology cooperation between the United States and China 
since the signing of the Agreement on technology cooperation and 
relevant Protocols between the two governments. A number of agree-
ments have been signed on low-carbon technology specifically, such 
as the Protocol for Cooperation in Energy Efficiency and Renewable 
Energy Technology and its six Annexes in 1995, and Memorandum of 

1 In this paper, “low-carbon technology” is a general concept with a broad scope, including all 
categories of technologies that will lead to relatively lower level of GHG emissions than the 
traditional utilization of fossil fuels, such as energy efficiency technologies, renewable energy, 
nuclear, clean coal, non-CO2 reductions, etc. 
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Understanding on Cooperation for Developing Bio-fuels in 2007. Many 
initiatives, programs, and projects are ongoing. The recent two joint state-
ments on climate change between President Barack Obama and President 
Xi Jinping—the U.S.-China Joint Announcement on Climate Change in 
November 2014 and the U.S.-China Joint Presidential Statement on Cli-
mate Change in September 2014 – provide political momentum to greater 
low-carbon technology cooperation. The U.S.-China Climate Change 
Working Group (CCWG), established in 2013, has launched many new ini-
tiatives including, inter alia, smart grid, carbon capture and storage (CCS), 
and heavy-duty vehicles.  

However, there are still a large number of political, legal, and operational 
barriers to technology cooperation and transfer that hinder progress 
between the two countries. This paper is a preliminary evaluation of 
low-carbon technology cooperation between the United States and China. 
On the basis of this evaluation, the paper identifies the remaining chal-

lenges and recommends possible solutions.2

2 Most information in this paper originates from semi-structured interviews with: (1) former or exist-
ing officers from various agencies who are responsible for the operationalization of the cooperative 
agreements, programs, projects, and initiatives related to low-carbon technology; (2) other stake-
holders from research institutes and companies participating in the relevant cooperative initiatives, 
activities, and projects, most of whom are Chinese; and (3) some Harvard University research 
fellows, most of whom are based at the Harvard Kennedy School. 
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II. The Progress of Low-
Carbon Technology 
Cooperation between the 
United States and China

1. A Brief Review of the History 

United States and China cooperation in science and technology began in 
1979, when the Agreement on Cooperation in Science and Technology 
was signed by President Jimmy Carter and Chairman Deng Xiaoping. 
As a milestone in the history of the bilateral relation between the United 
States and China, this agreement is not only unprecedented in the political 
area, but also crucial in substantially boosting the development of science 
and technology in China. Several Protocols and annexes related to fossil 
fuel energy consumption were signed over the following decades. One of 
the most important is the Protocol on Cooperation in the Field of Fossil 
Energy Research and Development, signed in 1985. Nevertheless, very 
little happened in the area of low-carbon technology cooperation until 
the Protocol for Cooperation in Energy Efficiency and Renewable Energy 
Technology was signed in 1995 under the Clinton Administration. Table 1 
below is a summary of milestones. 
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Table 1: Historic Milestones in Low-Carbon Technology Cooperation 
between the US and China

Year Agreements, Announcements, 
Initiatives, or Activities

Areas of Focus

1995 Protocol for Cooperation in Energy Efficiency and 
Renewable Energy Technology and its six Annexes 
signed

Rural energy, efficiency, electric and hybrid vehicles, 
wind, geothermal, renewable business development, 
and policy and planning

1998 Agreement on Cooperation Concerning Peaceful 
Uses of Nuclear Technologies adopted

Nuclear

1999 Export-Import Bank of U.S. authorized to provide 
up to $100 million to encourage clean energy 
technology sales to China

Clean energy technology sales

2000 Protocol for Cooperation in the Field of Fossil Energy 
Technology Development and Utilization adopted, 
replacing the 1985 protocol and establishing new 
annexes

Energy and environmental technologies and climate 
science.

2003 Future Gen Project agreed to be established Clean coal and carbon capture and storage (CCS)

2007 Memorandum of Understanding on Cooperation for 
Developing Bio-fuels signed

Bio-fuel

2008 Ten Year Framework on Energy and Environment 
Cooperation established

Clean electricity and clean transportation

2009 A package of measures to strengthen cooperation 
on clean energy announced by President Barack 
Obama and President Hu Jintao, including Clean 
Energy Research Center, Electric Vehicles Initiative, 
Energy Efficiency Action Plan, Renewable Energy 
Partnership, 21st Century Coal, Shale Gas Initiative, 
and Energy Cooperation Program

Electric vehicles, energy efficiency, renewable 
energy, shale gas, and clean coal

2013 Climate Change Working Group (CCWG) established Energy efficiency in buildings and industry, carbon 
capture, utilization and storage (CCUS), emission 
reduction on heavy duty vehicles and other vehicles, 
smart grid industrial boilers efficiency and fuel 
switching, and hydrofluorocarbons (HFCs) phasing 
down

2014 Joint Announcement on Climate Change released by 
President Barack Obama and President Xi Jinping

Coal technologies, nuclear energy, shale gas, 
energy-water nexus, building efficiency, boiler 
efficiency, solar energy, and smart grids

2015 Joint Presidential Statement on Climate Change 
released by President Barack Obama and President 
Xi Jinping

Green ports and vessels, zero emission vehicles, and 
a joint CCUS project site in Yulin, Shaanxi Province, 
China, operated by Shaanxi Yanchang Petroleum

Source: (1) Gallagher, Kelly Sims, “U.S.-China Energy Cooperation: A Review of Joint Activities Related to 
Chinese Energy Development Since 1980,” BCSIA Discussion Paper, 2001; (2) Asia Society and Pew Center, 
“A Roadmap for U.S. and China Cooperation on Energy and Climate Change,” Beijing, 2009; (3) CCWG, 
Report of U.S.-China Climate Change Working Group in 2013, Washington, D.C, July 2013; (4) U.S.-China 
Joint Announcement on Climate Change, Beijing, 12 November 2014; and (5) U.S.-China Joint Presidential 
Statement on Climate Change, Washington, D.C, 25 September 2015. 
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2. Three Areas of Recent 
Cooperation since 2008

Among all these cooperative initiatives, programs, and projects, there are 
three recent areas of cooperation, each with a clear series of goals, system-
atic organization, and a level of progress that make them easy to track and 
study. These three areas cover most categories of low-carbon technologies, 
including energy efficiency, renewable energy, clean coal, CCS, non-CO2 
GHG reductions, etc.3 They are: 

1.  The U.S.-China Climate Change Working Group (CCWG). The 
CCWG was established in early 2013 when U.S. Secretary of State 
John Kerry visited China and met with Chinese leaders. It is the 
first institution ever created specifically for policy dialogues and 
concrete cooperation on climate change between the United States 
and China. The CCWG will report its progress annually to the 
U.S-China Strategic and Economic Dialogue (S&ED). Low-carbon 
technology is the key working area of the CCWG. 

2. Clean Energy Research Center (CERC). CERC was established in 
2009 through the signing of the Cooperation Protocol on the U.S.-
China Clean Energy Research Center. The purpose of the CERC 
is to support joint research and development (R&D) activities on 
low-carbon technologies by universities, research institutes, and 
industries in the United States and China in order to promote and 
accelerate the future deployment of clean energy. The CERC is the 
first initiative between the United States and China in the area of 
joint research on low-carbon technology. 

3. The Ten Year Framework on Energy and Environment Cooperation 
and the Green Partnership. The Ten Year Framework (TYF) was for-
mally launched in 2008 as a broad cooperative initiative on energy, 
environment, sustainable development, and climate under the guid-
ance of the S&ED. The Green Partnership is a platform under the 

3 An unfortunate omission of this paper is U.S.-China cooperation on nuclear technology, which is 
an important category of low-carbon technologies. The reason for this omission is the difficulty 
in evaluating nuclear technology cooperation in comparison with other types of technologies in 
the same paper, given that the nuclear issue is a major and complicated topic in the relationship 
between the U.S. and China.
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TYF to engage various non-governmental stakeholders in the two 
countries to participate in cooperative projects. Low-carbon tech-
nology is one of the most important areas of the TYF and its Green 
Partnership.4 

3. Metrics to Reflect and 
Evaluate the Progress

This paper utilizes three sets of criteria to illustrate and evaluate the prog-
ress made on U.S.-China cooperation on low-carbon technologies. These 
criteria are as follows: 

1. Basic information of the relevant statements and agreements, 
including signing year, lead governmental agencies for implemen-
tation, and sub-areas or technologies under relevant statements or 
agreements

2. Stakeholders involved in the cooperation, including governmental 
agencies, research institutes, and companies 

3. Type of activities and achievements, including the exchange of 
information and expertise, personal networks for stakeholders,5 
joint research on new technology, criteria, model or application, 
joint demonstration, intellectual property (IP) transfer, and busi-
ness cooperation on deployment and commercialization 

This set of criteria is designed to reflect the different stages of technology 
innovation and various levels of engagement. These criteria not only assess 
the tasks to be implemented in the relevant cooperation documents, but 

4 In 2008-2015, the USTDA, under its East Asia Program, funded three types of projects in China on 
clean energy. However, most of the projects aim to promote the export of clean energy products, 
not directly related to technology research, development, demonstration, and deployment. A few 
projects directly related to clean energy technologies are: (1) trade missions on design and opera-
tion of U.S. relevant technologies; (2) workshops for technical assistance to Chinese stakeholders; 
and (3) feasibility studies for U.S. companies on the application of their technologies in the Chinese 
markets. 

5 A durable and stable personal network for stakeholders is crucial in the promotion of tangible 
cooperation. From a long-term perspective, it is sometimes the case that the personal relationships 
established from a cooperative project or program is more important than the project or program 
itself. 
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also cover the implementation status, in particular the relevant achieve-
ments. This means that these criteria could be used to evaluate both the 
cooperation that has occurred and that which has yet to be done.6

By applying these criteria, this paper develops a metric with three com-
ponents to evaluate the progress made under each of the three areas of 
cooperation mentioned above (see Table 2.1, 2.2, and 2.3). 

6 The U.S. Government Accountability Office recommends in their July 2016 report that there should 
be targets for program-level performance in U.S.-China cooperation on clean energy. However, it is 
difficult for this paper to develop quantitative criteria to evaluate the progress because most of the 
projects under these three areas are still to be implemented or not finished. 
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Political Framework Climate Change Working Group (CCWG)

B
as

ic
 

In
fo

rm
at

io
n

Signing Year CCWG was established in 2013. 
Joint Announcement and Presidential Statements were published respectively in 2014 and 2015

Leading 
Authorities 

Joint Announcement and Presidential Statements was released by the two presidents and consulted by Department of State (DOS) of the United States and National Development and Reform Commission (NDRC) of China. CCWG is led by DOS and NDRC. 

Sub areas or 
technologies

Energy Efficiency in Buildings 
and Industry

Carbon Capture Utilization and Storage (CCUS) Emission Reduction on 
Heavy Duty Vehicles and 
other Vehicles  

Zero Emission 
Vehicles and green 
ports and vessels

Smart Grid Industrial Boilers 
Efficiency and Fuel 
Switching

HFCs Phasing Down

S
ta

ke
h

o
ld

er
s 

in
vo

lv
ed

Governmental 
Agencies

Department of Energy 
(DOE) and Department of 
Transportation (DOT) – 

NDRC, 

Ministry of Transportation 
(MOT), and Ministry of 
Industry and Information 
Technology of China (MIIT)

DOE – NDRC DOT and Environment 
Protection Agency (EPA) 
– MOT, MIIT, and Ministry 
of Environment Protection 
(MEP)

To be determined 
(TBD), because 
this is a new 
initiative

DOE – National Energy Administration (NEA) DOE – NDRC DOS and EPA – NDRC and MEP 

Research 
Institutes

West Virginia University, University of Wyoming and Univer-
sity of Kentucky – Chinese Academy of Sciences

Tianjin University University of California Peking University

Companies Schlumberger, Air Products and Summit Power Group 
– Yanchang Petroleum Company, Sinopec Corporation, 
Shanxi International Energy Group, and China Huaneng 
Group

Southern California Edison and Philadelphia Industrial 
Development Corporation – 

State Grid Corporation of China, China Southern Power Grid

Honeywell – Midea

Ty
p

e 
o

f 
A

ct
iv

it
ie

s 
an

d
 A

ch
ie

ve
m

en
t

Information 
and Experience 
Exchange

Yes, exchanges on best prac-
tice and experience

Yes, workshops on best practice, application and policies 
and exchanging the information on operationalization of the 
demonstration project between companies

Yes, workshops on relevant 
policies, technology appli-
cations, and standards 

TBD Yes, workshops on technology applications, cost-benefit analy-
sis, and standards

Yes, exchanging 
on technology 
roadmaps

Yes, workshops on relevant policies 
and technology applications

Personal network 
for stakeholders

No, because the changing of 
the focal points in the govern-
mental agencies

Yes No TBD Yes No Yes

Joint research on 
new technology, 
criteria, model, or 
application

No No No TBD No No No

Joint 
Demonstration

Pilot projects to be 
determined

Three demonstration projects being implemented: 

Yanchang CCUS project on pre-combustion capture and 
enhanced oil recovery (EOR) by Yanchang Petroleum Com-
pany and West Virginia University, University of Wyoming

Shengli Oilfield Project on post-combustion capture and 
EOR by Sinopec Corporation and Schlumberger, University 
of Kentucky

Shanxi 350-megawatt oxy-fuel combustion power plant in 
Jincheng of Shanxi Province by Shanxi International Energy 
Group and Air Products and West Virginia University

TBD Four demonstration projects to be carried out: 

Development of a campus micro grid by the University of 
California, Irvine and the Irvine Smart Grid Demonstration by 
Southern California Edison;

Philadelphia Navy Yard by Philadelphia Industrial Development 
Corporation; 

Tianjin Eco-City by State Grid Corporation of China; 

Qianhai Bay Cooperation Zone by China Southern Power Grid. 

No No

IP transfer No No No TBD No No TBD

Business 
cooperation on 
deployment and 
commercialization

No No No TBD No No Commercial cooperation between 
Honeywell and Midea supported by 
U.S. Trade and Development Agency 
(USTDA) that Honeywell will help 
Midea on applying low-global-warm-
ing-potential blowing agent for 
refrigerator insulation

Table 2.1: Metric on the Progress of Existing Low-Carbon 
Cooperation between the U.S. and China Part I

Source: The 2014 and 2015 CCWG annual reports and interviews with relevant Chinese 
government officers
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Political Framework Climate Change Working Group (CCWG)

B
as

ic
 

In
fo

rm
at

io
n

Signing Year CCWG was established in 2013. 
Joint Announcement and Presidential Statements were published respectively in 2014 and 2015

Leading 
Authorities 

Joint Announcement and Presidential Statements was released by the two presidents and consulted by Department of State (DOS) of the United States and National Development and Reform Commission (NDRC) of China. CCWG is led by DOS and NDRC. 

Sub areas or 
technologies

Energy Efficiency in Buildings 
and Industry

Carbon Capture Utilization and Storage (CCUS) Emission Reduction on 
Heavy Duty Vehicles and 
other Vehicles  

Zero Emission 
Vehicles and green 
ports and vessels

Smart Grid Industrial Boilers 
Efficiency and Fuel 
Switching

HFCs Phasing Down

S
ta

ke
h

o
ld

er
s 

in
vo

lv
ed

Governmental 
Agencies

Department of Energy 
(DOE) and Department of 
Transportation (DOT) – 

NDRC, 

Ministry of Transportation 
(MOT), and Ministry of 
Industry and Information 
Technology of China (MIIT)

DOE – NDRC DOT and Environment 
Protection Agency (EPA) 
– MOT, MIIT, and Ministry 
of Environment Protection 
(MEP)

To be determined 
(TBD), because 
this is a new 
initiative

DOE – National Energy Administration (NEA) DOE – NDRC DOS and EPA – NDRC and MEP 

Research 
Institutes

West Virginia University, University of Wyoming and Univer-
sity of Kentucky – Chinese Academy of Sciences

Tianjin University University of California Peking University

Companies Schlumberger, Air Products and Summit Power Group 
– Yanchang Petroleum Company, Sinopec Corporation, 
Shanxi International Energy Group, and China Huaneng 
Group

Southern California Edison and Philadelphia Industrial 
Development Corporation – 

State Grid Corporation of China, China Southern Power Grid

Honeywell – Midea

Ty
p

e 
o

f 
A

ct
iv

it
ie

s 
an

d
 A

ch
ie

ve
m

en
t

Information 
and Experience 
Exchange

Yes, exchanges on best prac-
tice and experience

Yes, workshops on best practice, application and policies 
and exchanging the information on operationalization of the 
demonstration project between companies

Yes, workshops on relevant 
policies, technology appli-
cations, and standards 

TBD Yes, workshops on technology applications, cost-benefit analy-
sis, and standards

Yes, exchanging 
on technology 
roadmaps

Yes, workshops on relevant policies 
and technology applications

Personal network 
for stakeholders

No, because the changing of 
the focal points in the govern-
mental agencies

Yes No TBD Yes No Yes

Joint research on 
new technology, 
criteria, model, or 
application

No No No TBD No No No

Joint 
Demonstration

Pilot projects to be 
determined

Three demonstration projects being implemented: 

Yanchang CCUS project on pre-combustion capture and 
enhanced oil recovery (EOR) by Yanchang Petroleum Com-
pany and West Virginia University, University of Wyoming

Shengli Oilfield Project on post-combustion capture and 
EOR by Sinopec Corporation and Schlumberger, University 
of Kentucky

Shanxi 350-megawatt oxy-fuel combustion power plant in 
Jincheng of Shanxi Province by Shanxi International Energy 
Group and Air Products and West Virginia University

TBD Four demonstration projects to be carried out: 

Development of a campus micro grid by the University of 
California, Irvine and the Irvine Smart Grid Demonstration by 
Southern California Edison;

Philadelphia Navy Yard by Philadelphia Industrial Development 
Corporation; 

Tianjin Eco-City by State Grid Corporation of China; 

Qianhai Bay Cooperation Zone by China Southern Power Grid. 

No No

IP transfer No No No TBD No No TBD

Business 
cooperation on 
deployment and 
commercialization

No No No TBD No No Commercial cooperation between 
Honeywell and Midea supported by 
U.S. Trade and Development Agency 
(USTDA) that Honeywell will help 
Midea on applying low-global-warm-
ing-potential blowing agent for 
refrigerator insulation
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Political Framework Clean Energy Research Center (CERC)

B
as

ic
 

In
fo

rm
at

io
n Signing Year 2009

Leading 
Authorities 

DOE and Ministry of Science and Technology (MOST)

Sub areas or 
technologies

Clean Coal and CCS Clean Vehicle Energy Efficiency in 
Building

Energy and Water

S
ta

ke
h

o
ld

er
s 

in
vo

lv
ed

Governmental 
Agencies

DOE – MOST DOE – MOST DOE – MOST DOE – MOST

Research 
Institutes

West Virginia Univer-
sity and Lawrence 
Livermore National 
Laboratory – 
Huazhong University 
of Science and Tech-
nology and Tsinghua 
University

University of Michi-
gan, Massachusetts 
Institute of Technol-
ogy, the Ohio State 
University and Oak 
Ridge National Lab-
oratory – Tsinghua 
University, Beijing 
Institute of Technol-
ogy, Shanghai Jiao 
Tong University, and 
Wuhan University of 
Technology

Lawrence Berkeley 
National Laboratory 
– China Science and 
Technology Center, 
Ministry of Housing 
and Urban-Rural 
Development, Tsin-
ghua University, and 
Tongji University

University of Califor-
nia, Berkeley

Companies LP Amina and Duke 
Energy – China Shen-
hua Company and 
China Huaneng Group

Ford Motor Company, 
Eaton Corporation 
and DENSO Inter-
national – Jing-Jin 
Electric, Hunan CSR 
Electric Vehicle Com-
pany and Mia Motors, 
LLC

Bentley Systems Inc, 
Lutron Electronics 
and Sage Electro-
chromics  – Swire 
Properties, Jilin 
Kelong Building 
Energy Technology, 
and China Icepower 
Energy Technology 
Co., Ltd

TBD, because the 
cooperation plan has 
not yet been devel-
oped. TBD, because 
the cooperation plan 
has not yet been 
developed.

Ty
p

e 
o

f 
A

ct
iv

it
ie

s 
an

d
 A

ch
ie

ve
m

en
t

Information 
and Experience 
Exchange

Yes Yes Yes TBD

Personal network 
for stakeholders

Yes, joint research on 
clean coal conversion 
technology, pre-com-
bustion CO2 capture, 
post-combustion CO2 
capture, oxy-com-
bustion CO2 capture, 
CO2 sequestration 
and CO2 utilization

Yes, joint research on 
battery application, 
materials and models

Yes, joint research 
on materials, lighting 
controlling, cooling, 
heat pump and 
standards

TBD

Joint research on 
new technology, 
criteria, model, or 
application

Yes Yes Yes TBD

Joint 
Demonstration

TBD No TBD TBD

IP transfer Some discussions 
are underway and 
the guidance on IP 
transfer has been 
developed, but no real 
transfer has occurred

Some discussions 
are underway and 
the guidance on IP 
transfer has been 
developed, but no real 
transfer has occurred

Some discussions 
are underway and 
the guidance on IP 
transfer has been 
developed, but no real 
transfer has occurred

TBD

Business 
cooperation on 
deployment and 
commercialization

No No No TBD

Table 2.2: Metric on the Progress of Existing Low-Carbon 
Cooperation between the U.S. and China Part II

Source: The 2014 and 2015 CCWG annual reports and interviews with relevant Chinese 
government officers
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Political Framework Ten Year Framework on Energy and Environment Cooperation and the Green Partnership

B
as

ic
 

In
fo

rm
at

io
n

Signing Year 2008

Leading 
Authorities 

DOS and NDRC

Sub areas or 
technologies

Wind Power Aviation Biofuels Solar Panels Methane Con-
trols in Waste 
Management

Top Performing 
Gas Turbine 
Combined-Cycle 
Power Plant

S
ta

ke
h

o
ld

er
s 

in
vo

lv
ed

Governmental 
Agencies

Research 
Institutes

University of Cali-
fornia, Los Angles 
– Peking University

Stony Brook 
University – Tongji 
University

Companies The Boeing Com-
pany – Commercial 
Aircraft Corpora-
tion of China

Wilson Solar-
power – Shenzhen 
Enesoon Science 
and Technology 
Corporation

General 
Electric Corpora-
tion–Harbin Electric

Ty
p

e 
o

f 
A

ct
iv

it
ie

s 
an

d
 A

ch
ie

ve
m

en
t

Information 
and Experience 
Exchange

Progress is not 
clear

Yes Yes Yes Progress is not 
clear

Personal network 
for stakeholders

Progress is not 
clear

Yes Yes Yes Progress is not 
clear

Joint research on 
new technology, 
criteria, model, or 
application

Progress is not 
clear

No No No The plan includes 
joint development 
of technology, but 
there is no major 
progress.

Joint 
Demonstration

The plan includes 
joint demon-
stration of the 
designed power 
plant, but there is 
little progress.

No One 20-MW 
concentrating 
solar power plant 
to be piloted by 
using innovative 
Brayton Air Cycle 
technology

No The plan includes 
joint demon-
stration of the 
designed power 
plant, but there is 
little progress

IP transfer No No No No No

Business 
cooperation on 
deployment and 
commercialization

No No No No No

Table 2.3: Metric on the Progress of Existing Low-Carbon 
Cooperation between the U.S. and China Part III

Source: The fact sheets of the Ten Year Framework on Energy and Environment Cooperation and 
interviews with relevant governmental officers in China
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4. Preliminary Observations 
from the Metric

Based on the metrics above, preliminary observations are presented as 
follows: 

1. Many cooperative programs and projects (in nearly 17 sub-areas 
under the three main areas) have been established as a result of sev-
eral bilateral agreements between (and joint statements of) the two 
governments. However, most of the cooperative activities are still in 
the initial stage of dialogue and information exchange. Only a few 
are targeted to conduct joint research and development (R&D) or 
demonstrations of new technology. Many of the projects are still in 
their planning stages or have the status of “to be implemented.” 

2. Multiple governmental departments and agencies engage in 
cooperation. NDRC and MOST are the lead agencies for most ini-
tiatives, programs, and projects from the Chinese side. DOE and 
DOS are the lead agencies for most initiatives, programs, and proj-
ects from the U.S. side. 

3. Besides governmental agencies, a large number of stakeholders 
from academic and business circles are cooperating. Networks for 
stakeholders are established in most of the cooperative areas and 
projects. 

4. There are some overlaps and duplications among the cooperative 
activities and projects across different areas of cooperation, in 
particular in energy efficiency and CCS. For example, there are 
cooperative projects on CCS under both the CCWG and CERC, 
without huge distinctions on the purpose, themes, and activities. 

5. There is no commercial cooperation between U.S. and Chinese 
companies except for phasing down hydrofluorocarbons (HFCs).  

6. No IP transfer activities have occurred. Even within cooperation on 
HFCs, it is unclear whether IP transfer will occur. 
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7. Information about some cooperative activities is not transparent 
or available. For example, the information on types of activities of 
the initiatives “Wind Power” and “Top Performing Gas Turbine 
Combined-Cycle Power Plant” under the Ten Year Framework is 
not available in the officially published documents. This makes it 
challenging to compare activities and initiatives across projects and 
areas of study.
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III. Barriers and Challenges 
in Low-Carbon Technology 
Cooperation 

There are three types of barriers: political, policy, and operational—that 
hinder the implementation of a wider range of cooperative arrangements 
between the United States and China. 

1. Political Level: Lack of Mutual Trust 
between the Two Countries 

Although cooperation on climate change is seen as a positive aspect of the 
U.S.-China relationship, progress on low-carbon technology cooperation 
is still affected by the political and diplomatic interactions between the two 
countries. 

1.1. Concerns on Security and 
Economic Competitiveness

Technology innovation is fundamental to the military development 
and economic competitiveness of the United States and China. Usually, 
low-carbon or environment technologies are not considered to be of high 
security value. However, some types of low-carbon technologies relate 
to nuclear engineering and can raise security concerns. Highly advanced 
low-carbon technologies will also play a key role in future energy inno-
vation, which is crucial to each country’s economic competitiveness. 
Increasing competition in clean energy technologies is creating some 
mistrust at the government level. The U.S. side suspects that China will 
use the information received in the cooperation process to enhance the 
competitive advantage of its companies. China’s goal in such cooperative 
agreements is not simply to enhance its action on climate change, but to 
learn or even replicate highly advanced technologies in order to surpass 
the United States in the area of energy in the global market. There are 
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also some U.S. officials and legislators who view China as an emerging 
competitor or even a potential enemy from the perspective of ideology 
and security, which undermines mutual trust. China also shares similar 
concerns on security and competitiveness, especially in the areas of coal 
gasification, supercritical coal plants, and battery storage where some Chi-
nese companies have made breakthroughs. 

1.2. Doubt on the ‘Real’ Technology 
Cooperation and Transfer

Some Chinese stakeholders believe that the United States will never 
be willing to provide its resources to help China promote technology 
innovation. They doubt that real, concrete, and large-scale technology 
cooperation between the United States and China will happen, especially 
when it comes to the IP issue. Due to these domestic constraints in terms 
of politics and policies, some stakeholders from both sides believe that 
cooperation will be limited to an exchange of best practices. Such misper-
ception jeopardizes mutual trust between the two countries, preventing the 
stakeholders from going further to design and embrace activities and proj-
ects beyond exchanging information. 

2. Policy Level: Constraints 
from Public Policies

Besides the lack of mutual trust in the political level, there are policy barri-
ers to greater international technology cooperation. 

2.1. Constraints on the Public Budget

Both governments confront budget constraints that limit their flexibil-
ity. It is almost impossible for the U.S. government to sign a cooperative 
agreement with China that includes provisions on providing any financial 
support to Chinese stakeholders. The U.S. government cannot share public 
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financial resources with foreign partners due to legal barriers and domestic 
U.S. politics. One of the most acceptable modalities is equal financial con-
tribution from both sides. This modality prevails in the establishment and 
operation of the CERC and CCWG. For example, The CERC is supported 
by funding of at least $150 million USD—split evenly between the United 
States and China—in the first five-year implementation cycle (2011-2015). 

In addition, the budget on technology innovation is not climate-oriented. 
There is always competition in the distribution of resources between cli-
mate and other areas. The scale of the budget will shrink if the growth of 
the economy and public revenue slows down. Furthermore, there are also 
budget constraints on international travel for personnel.

2.2. Constraints on the Modality 
of the Cooperation

It is easier to deploy resources to less sensitive activities, such as workshops 
about the experience and policies in general, rather than more sophisti-
cated activities, such as joint research, demonstration, and deployment. 
Even in the few joint demonstration projects, most of the cooperative tasks 
are still at the level of feasibility study and experience sharing. There is little 
progress on testing or applying new technology in the demonstration proj-
ects because such activities are more difficult and complicated to design 
and carry out than paying travel and meeting expenses. 

Usually, the U.S. side prefers areas of research in which both sides have 
equal advantages. But the Chinese side advocates the idea of “complemen-
tary advantage” and focuses on areas in which the United States holds more 
advanced technologies. In addition, both sides can only utilize their finan-
cial resources to support the activities of their own personnel, which means 
the funding has not been put together and joint research is not really 
“joint.” Therefore, it is difficult for the research institutes from both sides to 
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collaborate on developing research proposals and apply for the funding as 
one team. 

2.3. Other Public Policy Barriers

There are other policy barriers to IP transfer, deployment, and commercial-
ization of low-carbon technology, such as restrictions on the export of the 
high technology products, policies against dumping, subsidizing renewable 
energy products, and regulations on transnational investment. For exam-
ple, in 2012 and 2014, U.S. public agencies launched investigations twice 
on the photovoltaic products exported from Chinese companies for the 
purpose of protecting against dumping and subsidizing. 

3. Operational Level: Difficulties 
on the Coordination among 
Different Stakeholders

Coordination among different stakeholders from governmental agencies, 
companies, and research institutes is crucial to ensure the effectiveness 
of cooperation. Several barriers and challenges exist in the coordination 
among different stakeholders. 

3.1. Coordination among Various 
Governmental Agencies

Due to the crosscutting nature of climate related issues, there tend to be 
multiple overlaps in governmental agency mandate when it comes to proj-
ect design and implementation. In the areas of energy efficiency, renewable, 
and CCS, in particular, projects with the similar purposes are often 
designed and carried out under the CCWG, CERC, and Green Partnership 
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without full coordination between those agencies. More inter-agency coor-
dination could help ensure the best use of the resources invested.

3.2. Coordination between the Government 
and the Private Sector

Differing and often competing demands on governmental agencies and 
private sector companies create a coordination challenge when it comes to 
cooperation on low-carbon technology. Governments tend to prefer to sign 
agreements and announce cooperative programs with the hope of enhanc-
ing political relationships, sending political signals on reducing emissions, 
and encouraging other countries to take actions. But companies have a 
strong focus on the commercial benefits of this kind of cooperation, which 
is sometimes at odds with the goals of government. 

U.S. companies tend to be more interested in participating in domes-
tic innovation than international technology cooperation due to their 
concerns about IP related issues. On the other hand, some advanced 
low-carbon technologies needed by China are owned by U.S. companies, 
not by U.S. government laboratories. The U.S. government finds it very dif-
ficult to persuade these companies to transfer their IPs or sell their licenses 
to Chinese companies. 

Chinese state-owned companies tend to be hesitant to participate in low-car-
bon technology cooperation. On one hand, they are very interested in some 
U.S. technologies with strong commercial potential. On the other hand, they 
are reluctant to invest their own financial resources to pay for the licenses 
of such technologies or conduct other modes of commercial cooperation 
because of the uncertainty and the length of time needed to capture profits. 

3.3. Coordination between Basic Research 
Institutes and Private Companies

In theory, there is great potential for coordination between basic research 
institutes and private companies from the United States and China. Most 
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of the cooperative programs and projects are currently conducted in the 
mode of “research institute to research institute” or “company to company.” 
Ultimately, it is difficult to design a project that could compel the research 
institutes and companies work together to build an iterative process 
between basic research and technology application. If such projects could 
be designed, it would hasten the pace of low-carbon technology coopera-
tion between the United States and China. 
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IV. Conclusions and Policy 
Recommendations on 
Enhancing Low-Carbon 
Technology Cooperation 

The Paris Agreement has sent a clear, precise, and strong political signal on 
the low-carbon transition of the global economy. Low-carbon technology 
is the key to building a future with climate resilience and clean energy. The 
recent Presidential statements from the United States and China designate 
low-carbon technology cooperation as one of the top priorities of their 
partnership on climate change. However, based on the analysis above, there 
are still barriers on political, policy, and operational levels that prevent 
the United States and China from advancing beyond policy dialogue and 
information sharing when it comes to low-carbon technology cooperation. 
Some of these barriers are rooted in domestic politics and the institu-
tional structure of each country, which may not be changed or removed 
in the short or mid-term. However, these barriers do not mean that the 
stakeholders from the United States and China can do nothing to unlock 
the deadlock of low-carbon technology cooperation. More innovative 
and pragmatic work could and should be done in the future between the 
governmental agencies, research institutes, and companies from the two 
countries to achieve more tangible results. 

The following recommendations are raised by this paper for consider-
ation by relevant policy makers to enhance cooperation between the 
United States and China on low-carbon technology advancement and 
dissemination. 

1. Build mutual trust through further enhancing the partnership on 
climate change, based on the political momentum built by the two 
Presidents. Regardless of the uncertainty surrounding U.S. domes-
tic politics on climate change caused by the pending change in 
Administrations, the officers in governmental agencies from the 
two countries should sit together after the new U.S. Administra-
tion is established to discuss new approaches beyond the existing 
domestic political and institutional constraints and barriers. 
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Recognizing that some barriers such as domestic politics, budget 
constraints, and IPRs cannot be removed in the short- or mid-term, 
it is crucial for officers from the two governments to find innova-
tive and pragmatic approaches to engaging more participants from 
business and academia in low-carbon technology cooperation 
between the United States and China. 

2. Enhance coordination between the different governmental agen-
cies. One possible option is establishing a joint-committee that 
will be responsible for coordinating all relevant agreements, pro-
grams, and projects on low-carbon technology cooperation. The 
joint-committee should also evaluate ongoing low-carbon tech-
nology cooperation under the CCWG and CERC and identify 
pragmatic solutions by surveying departments in both countries 
as program coordinators with relevant expertise. Other stake-
holders from the private sector and academia could be invited to 
provide their suggestions to the joint-committee. Admittedly, it 
will be difficult to define the working modality, choose the leader, 
and elaborate the agenda of such joint-committee. An alternative 
approach could be identifying joint tasks. These would be carried 
out by the CCWG and CERC together with clear division of labor 
between the two institutions. The CCWG could deal with the 
cooperation on demonstrating and deploying low-carbon technol-
ogy. And the CERC would focus on activities related to the joint 
research. 

3. Establish a coalition among different stakeholders ranging from 
governmental agencies, companies, and research institutes, with 
a view to building long-term and durable personal and institu-
tional networks among relevant stakeholders. Initiatives similar 
to initiatives “Mission Innovation” and its parallel partner “Break-
through Energy Coalition” could be introduced into the bilateral 
cooperation, in order to gather all the relevant stakeholders from 
the two countries together. An institute similar to the mode of “the 
Advanced Research Projects Agency-Energy (ARPA-E)” could be 
established by the Chinese government, seeking a partnership with 
its U.S. counterpart. Activities such as sending visiting scholars, 
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producing joint papers in peer-reviewed journals, applying for 
funding by joint teams, and sharing research facilities should be 
encouraged, as a further concrete step on joint research. How-
ever, there are challenges in inviting top scientists and engineers 
to establish such joint teams and identifying the themes that both 
sides feel interested in and have equal advantage in. Usually, the 
top-level scientists and engineers from both countries have their 
own priority and schedule of research. It is difficult for them to 
participate in and focus on joint research on a continuous basis, 
especially when the topic is not fully consistent with their research 
interests and priorities. Another problem for the Chinese side is 
lack of personnel who both know the technologies well and speak 
English fluently. 

4. Identify some joint demonstration projects in area of “low-hang-
ing fruit,” which may include shale gas, CCS, HFCs, and energy 
efficiency in the building sector. A lot of advanced technologies 
developed by U.S. research institutes have potential for deployment. 
However, it is difficult to demonstrate and test these new technol-
ogies in the United States due to the constraints from regulations, 
lack of lands and facilities, and limited markets. Chinese stakehold-
ers could provide lands and facilities at a relatively low price and 
under flexible supervision for testing new technologies developed 
by the U.S. side or developed jointly. More encouraging policies 
on land price and tax could be designed by Chinese local govern-
ments. For example, some U.S. research institutes have developed 
technologies that will significantly reduce energy penalty and CO2 
emissions in the process of cement production compared with the 
existing technologies that have been available for decades. How-
ever, the U.S. regulations and criteria on building do not allow the 
application of the new technologies due to the lack of maturity. 
Due to large-scale infrastructure building, there is a large market 
for cement in China, and cement production is one of the most 
significant sources of GHG emissions. Production technologies are 
crucial in conserving energy and unlocking the mitigation potential 
in this area. Therefore, relevant stakeholders from both the U.S. and 
Chinese sides could work together to build a demonstration project 
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on cement production and other technologies of joint interest, such 
as carbon capture and utilization. Improving the language skill of 
Chinese stakeholders, in particular those from local companies, 
and involving scientists and engineers able and willing to follow the 
relevant demonstration projects and provide technical support on 
a continuous basis are both important steps. Finally, more experts 
from U.S. government laboratories should be invited to participate 
in these discussions. 

5. Develop new modalities for green financing and pragmatic busi-
ness models to facilitate cooperation between companies. The U.S. 
and Chinese companies could work together on some key tech-
nologies with a view to promoting IP transfer, accelerating license 
trade, and incentivizing the commercialization of key technologies. 
International trade of clean energy products could be the first step 
for low-carbon technology cooperation and transfer between U.S. 
and Chinese companies. The continuous support from the U.S. 
Trade and Development Agency (USTDA) on feasibility studies 
is crucial for U.S. companies to get sufficient information on how 
their proven clean energy technologies and products can be suc-
cessful in Chinese markets. Chinese state-owned companies, in the 
areas of energy and electric power, will play an important role if 
they decide to cooperate on commercialization of the technologies. 
Some Chinese venture capital funds operated by the state-owned 
financial institutes, such as China Development Bank, could be 
invited to invest in new technologies with long-term capital cycle 
and high risks, but high profit potential. Another option is that U.S. 
and Chinese companies could co-establish a start-up corporation 
with the objective of promoting the commercialization of some 
specific low-carbon technologies in the Chinese markets. Such a 
corporation could secure loans from Chinese state-owned banks 
or other investment institutes. While it is difficult to obtain loans 
or equity investment from U.S. financial institutions, the USTDA 
can fund companies to promote the export of their clean energy 
products to China. The business modality for company-to-com-
pany cooperation still needs to be further designed and elaborated, 
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taking into account the evolving circumstances and policies of the 
two countries. 

6. In summary, R&D collaboration, joint demonstration projects, 
and commercialized cooperation are significant areas with large 
potential to achieve tangible results on the U.S.-China low-carbon 
cooperation. It is crucial to build an enabling environment for 
those non-governmental actors such as research institutes, universi-
ties, and companies to participate in future cooperative ventures. At 
the same time, further coordination between different governmen-
tal agencies is of great importance to establish appropriate channels 
and platforms for proactive engagement by research institutes and 
companies. With universal participation by multiple stakehold-
ers, the United States and China can work together to unlock the 
potential on low-carbon technology cooperation and achieve more 
concrete outcomes, which will make greater contributions to their 
bilateral relations and global governance on climate change.
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VII. Acronyms and Abbreviations

CCS carbon capture and storage

CCUS carbon capture, utilization, and storage

CCWG U.S.-China Climate Change Work Group

CERC U.S.-China Clean Energy Research Center

DOE Department of Energy of the U.S.

DOS Department of State of the U.S.

DOT Department of Transportation of the U.S.

EOR enhanced oil recovery

EPA U.S. Environment Protection Agency

GHGs greenhouse gases

HCFCs hydrochlorofluorocarbons

HFCs hydrofluorocarbons

IP intellectual property

MEP Ministry of Environment Protection of China

MIIT Ministry of Industry and Information Technology of China

MOC Ministry of Commerce of China

MOST Ministry of Science and Technology of China

MOT Ministry of Transportation of China

NDRC National Development and Reform Commission of China

NEA National Energy Administration of China

OSTP White House Office of Science and Technology Policy

USTDA U.S. Trade and Development Agency
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