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A carbon neutral China by 2050: the challenge of SCALE

Source: Rocky Mountain Institute analysis for ETC China
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China is the global leader in the mass production 
of low carbon energy technologies

Solar Panels: From 1% to 66% (2001-2018)

Wind Turbines: 1/3 of global supply (2018)

Electric Vehicles: 53% of global sales (2018)

Lithium-ion Batteries: 69% of global production (76% by 2025)

Nuclear Reactors: From 45 to 88 plants by 2030
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How did China become the global leader 
LCET mass production?
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Long-term institutional 
support for manufacturing

How did China become the global leader 
LCET mass production?
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Long-term institutional 
support for manufacturing

How did China become the global leader 
LCET mass production?

Development of innovative 
manufacturing capabilities
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“It is unrealistic to expect that 
another nation will be able to rival 

China’s capabilities in LCET scale-up 
in the time frame needed to limit 

climate change to below 2°C.”

We’re running out of time

Helveston, John P. & Jonas Nahm (2019) “China's key role in scaling low-carbon 
energy technologies” Science, 366(6467), pg. 794-796. DOI: 10.1126/science.aaz1014
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Collaborative commercialization
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US: Leader in LCET Innovation

Collaborative commercialization

Code and data to produce charts available at https://github.com/jhelvy/charts
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In some areas, the situation is 
improving. In 2018, the central gov-
ernment announced that it would 
remove the joint venture require-
ment for electric vehicle manufactur-
ers so that foreign firms can wholly 
own their enterprises in China, and 
this ruling will extend to all auto 
manufacturers in 2020. China’s IP 
institutions are also strengthening, 
even though IP theft remains a seri-
ous problem. In 2014, China estab-
lished the first dedicated IP courts in 
Beijing, Shanghai, and Guangzhou, 
with additional courts added in 2017. 
Researchers estimate that the vast 
majority of cases in the Beijing and 
Shanghai courts have ruled in favor 
of foreign plaintiffs against Chinese 
infringers, with payments of damages 
to foreign plaintiffs exceeding those 
to Chinese victims of IP theft by as 
much as a factor of 3 (11). And it’s not 
just foreign litigators; in 2015, 88.5% 
of the 11,607 patent cases in these 
courts involved a Chinese plaintiff 
and Chinese defendant (12).

Governments in China, the United 
States, and elsewhere have an impor-
tant role to play in mitigating con-
cerns over IP and fostering global ties. 
They can level the playing field and re-
duce risks for firms to work with one 
another, and they can help to build and sup-
port networks of innovators across national 
borders. One example is the U.S.-China 
Clean Energy Research Center (CERC). 
Spearheaded by former U.S. energy secre-
tary Steven Chu in 2009, CERC established 
a $150 million joint pledge by the U.S. and 
Chinese governments to increase innovation 
in clean energy technologies. Perhaps most 
important, CERC established a Technology 
Management Plan that governed and helped 
mitigate IP concerns. Although little of the 
IP produced by the initiative was jointly cre-
ated, CERC built trust among participants, 
enabling them to develop new technologies, 
establish new business ventures in both 
markets, and gain additional support for 
technology demonstration projects, all with 
limited IP conflicts (13).

Beyond IP, concentrating investments 
in scaling current technologies can also 
threaten progress in leading-edge innova-
tion (14). In sectors with more constrained 
markets, such as optoelectronics, shifting 
manufacturing to East Asia prevented inno-
vation in more advanced technologies in the 
United States (15). Nonetheless, in the case 
of LCET sectors, the speed of technology de-
ployment is a more pressing matter. Despite 
the remarkable growth in renewable energy 
in recent years, the world is already well be-

hind schedule on deploying the necessary 
300 GW of renewable energy capacity every 
year from 2018 to 2030 to meet the goals 
of the Paris Agreement. The world simply 
does not have time to wait for the next gen-
eration of LCETs, irrespective of where they 
are developed. Greater quantities of current 
LCETs can be immediately deployed with 
the existing capabilities of Chinese firms in 
mass manufacturing, which will set in mo-
tion the critical learning processes required 
to effectively integrate these technologies 
into future energy systems.

NOT FIXED OR INEVITABLE
Climate change is a global problem of un-
paralleled dimensions that requires a global 
response, including in the invention, com-
mercialization, and production of technolo-
gies that can forge deep decarbonization. 
Collaboration was central to the emergence 
of contemporary renewable energy technolo-
gies (7), and collaboration will be equally 
important in rapid decarbonization through 
deployment of LCETs. Governments around 
the world should work to foster such collabo-
ration, and establishing initiatives like CERC 
is one promising path toward this goal.

Addressing grand challenges such as cli-
mate change will also require fundamental 
advances in technology. In the United States, 

this means continuing to support the 
core strengths of U.S. firms and univer-
sities—the invention of new technolo-
gies—through increased investments 
in basic and applied research. But the 
technologies that emerge from these 
efforts must eventually be scaled and 
deployed. Working with Chinese man-
ufacturers can accelerate this process.

The division of labor between West-
ern inventors and Chinese manufac-
turers is not fixed or inevitable. Other 
nations can (and should) continue 
investing in domestic manufacturing 
capabilities as part of continued tech-
nological innovation. But in a global 
marketplace such as energy technol-
ogy, it is unlikely that the entire value 
chain for a complex, manufactured 
product would lie entirely within 
national boundaries. As unsettled 
trade relations between China and 
the world threaten to undercut efforts 
to strengthen global ties in LCET sec-
tors, we cannot lose sight of the cli-
mate challenge or risk missing the 
narrow remaining window to reduce 
global emissions. Building on the ad-
vanced mass manufacturing capabili-
ties of Chinese LCET firms is the most 
promising path toward rapid global 
decarbonization. j
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U.S. innovation, Chinese investment
The United States is a leader in low-carbon energy technology (LCET) 
innovation, and China is the largest investor in LCET, with innovative 
capabilities in manufacturing and scale-up.

Top: data from Bloomberg New Energy Finance; bottom: U.S. Patent and Trademark O!ce 
(USPTO) data from U.S. National Science Foundation Science and Engineering Indicators. 
Code and data to produce the charts are available at https://github.com/jhelvy/charts/
tree/master/ scienceCommentary2019.
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The United States is a leader in low-carbon energy technology 
(LCET) innovation, and China is the largest investor in  
LCET, with innovative capabilities in manufacturing and scale-up.
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US: Leader in LCET Innovation China: Largest LCET investor w/innovative 
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In some areas, the situation is 
improving. In 2018, the central gov-
ernment announced that it would 
remove the joint venture require-
ment for electric vehicle manufactur-
ers so that foreign firms can wholly 
own their enterprises in China, and 
this ruling will extend to all auto 
manufacturers in 2020. China’s IP 
institutions are also strengthening, 
even though IP theft remains a seri-
ous problem. In 2014, China estab-
lished the first dedicated IP courts in 
Beijing, Shanghai, and Guangzhou, 
with additional courts added in 2017. 
Researchers estimate that the vast 
majority of cases in the Beijing and 
Shanghai courts have ruled in favor 
of foreign plaintiffs against Chinese 
infringers, with payments of damages 
to foreign plaintiffs exceeding those 
to Chinese victims of IP theft by as 
much as a factor of 3 (11). And it’s not 
just foreign litigators; in 2015, 88.5% 
of the 11,607 patent cases in these 
courts involved a Chinese plaintiff 
and Chinese defendant (12).

Governments in China, the United 
States, and elsewhere have an impor-
tant role to play in mitigating con-
cerns over IP and fostering global ties. 
They can level the playing field and re-
duce risks for firms to work with one 
another, and they can help to build and sup-
port networks of innovators across national 
borders. One example is the U.S.-China 
Clean Energy Research Center (CERC). 
Spearheaded by former U.S. energy secre-
tary Steven Chu in 2009, CERC established 
a $150 million joint pledge by the U.S. and 
Chinese governments to increase innovation 
in clean energy technologies. Perhaps most 
important, CERC established a Technology 
Management Plan that governed and helped 
mitigate IP concerns. Although little of the 
IP produced by the initiative was jointly cre-
ated, CERC built trust among participants, 
enabling them to develop new technologies, 
establish new business ventures in both 
markets, and gain additional support for 
technology demonstration projects, all with 
limited IP conflicts (13).

Beyond IP, concentrating investments 
in scaling current technologies can also 
threaten progress in leading-edge innova-
tion (14). In sectors with more constrained 
markets, such as optoelectronics, shifting 
manufacturing to East Asia prevented inno-
vation in more advanced technologies in the 
United States (15). Nonetheless, in the case 
of LCET sectors, the speed of technology de-
ployment is a more pressing matter. Despite 
the remarkable growth in renewable energy 
in recent years, the world is already well be-

hind schedule on deploying the necessary 
300 GW of renewable energy capacity every 
year from 2018 to 2030 to meet the goals 
of the Paris Agreement. The world simply 
does not have time to wait for the next gen-
eration of LCETs, irrespective of where they 
are developed. Greater quantities of current 
LCETs can be immediately deployed with 
the existing capabilities of Chinese firms in 
mass manufacturing, which will set in mo-
tion the critical learning processes required 
to effectively integrate these technologies 
into future energy systems.

NOT FIXED OR INEVITABLE
Climate change is a global problem of un-
paralleled dimensions that requires a global 
response, including in the invention, com-
mercialization, and production of technolo-
gies that can forge deep decarbonization. 
Collaboration was central to the emergence 
of contemporary renewable energy technolo-
gies (7), and collaboration will be equally 
important in rapid decarbonization through 
deployment of LCETs. Governments around 
the world should work to foster such collabo-
ration, and establishing initiatives like CERC 
is one promising path toward this goal.

Addressing grand challenges such as cli-
mate change will also require fundamental 
advances in technology. In the United States, 

this means continuing to support the 
core strengths of U.S. firms and univer-
sities—the invention of new technolo-
gies—through increased investments 
in basic and applied research. But the 
technologies that emerge from these 
efforts must eventually be scaled and 
deployed. Working with Chinese man-
ufacturers can accelerate this process.

The division of labor between West-
ern inventors and Chinese manufac-
turers is not fixed or inevitable. Other 
nations can (and should) continue 
investing in domestic manufacturing 
capabilities as part of continued tech-
nological innovation. But in a global 
marketplace such as energy technol-
ogy, it is unlikely that the entire value 
chain for a complex, manufactured 
product would lie entirely within 
national boundaries. As unsettled 
trade relations between China and 
the world threaten to undercut efforts 
to strengthen global ties in LCET sec-
tors, we cannot lose sight of the cli-
mate challenge or risk missing the 
narrow remaining window to reduce 
global emissions. Building on the ad-
vanced mass manufacturing capabili-
ties of Chinese LCET firms is the most 
promising path toward rapid global 
decarbonization. j
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In some areas, the situation is 
improving. In 2018, the central gov-
ernment announced that it would 
remove the joint venture require-
ment for electric vehicle manufactur-
ers so that foreign firms can wholly 
own their enterprises in China, and 
this ruling will extend to all auto 
manufacturers in 2020. China’s IP 
institutions are also strengthening, 
even though IP theft remains a seri-
ous problem. In 2014, China estab-
lished the first dedicated IP courts in 
Beijing, Shanghai, and Guangzhou, 
with additional courts added in 2017. 
Researchers estimate that the vast 
majority of cases in the Beijing and 
Shanghai courts have ruled in favor 
of foreign plaintiffs against Chinese 
infringers, with payments of damages 
to foreign plaintiffs exceeding those 
to Chinese victims of IP theft by as 
much as a factor of 3 (11). And it’s not 
just foreign litigators; in 2015, 88.5% 
of the 11,607 patent cases in these 
courts involved a Chinese plaintiff 
and Chinese defendant (12).

Governments in China, the United 
States, and elsewhere have an impor-
tant role to play in mitigating con-
cerns over IP and fostering global ties. 
They can level the playing field and re-
duce risks for firms to work with one 
another, and they can help to build and sup-
port networks of innovators across national 
borders. One example is the U.S.-China 
Clean Energy Research Center (CERC). 
Spearheaded by former U.S. energy secre-
tary Steven Chu in 2009, CERC established 
a $150 million joint pledge by the U.S. and 
Chinese governments to increase innovation 
in clean energy technologies. Perhaps most 
important, CERC established a Technology 
Management Plan that governed and helped 
mitigate IP concerns. Although little of the 
IP produced by the initiative was jointly cre-
ated, CERC built trust among participants, 
enabling them to develop new technologies, 
establish new business ventures in both 
markets, and gain additional support for 
technology demonstration projects, all with 
limited IP conflicts (13).

Beyond IP, concentrating investments 
in scaling current technologies can also 
threaten progress in leading-edge innova-
tion (14). In sectors with more constrained 
markets, such as optoelectronics, shifting 
manufacturing to East Asia prevented inno-
vation in more advanced technologies in the 
United States (15). Nonetheless, in the case 
of LCET sectors, the speed of technology de-
ployment is a more pressing matter. Despite 
the remarkable growth in renewable energy 
in recent years, the world is already well be-

hind schedule on deploying the necessary 
300 GW of renewable energy capacity every 
year from 2018 to 2030 to meet the goals 
of the Paris Agreement. The world simply 
does not have time to wait for the next gen-
eration of LCETs, irrespective of where they 
are developed. Greater quantities of current 
LCETs can be immediately deployed with 
the existing capabilities of Chinese firms in 
mass manufacturing, which will set in mo-
tion the critical learning processes required 
to effectively integrate these technologies 
into future energy systems.

NOT FIXED OR INEVITABLE
Climate change is a global problem of un-
paralleled dimensions that requires a global 
response, including in the invention, com-
mercialization, and production of technolo-
gies that can forge deep decarbonization. 
Collaboration was central to the emergence 
of contemporary renewable energy technolo-
gies (7), and collaboration will be equally 
important in rapid decarbonization through 
deployment of LCETs. Governments around 
the world should work to foster such collabo-
ration, and establishing initiatives like CERC 
is one promising path toward this goal.

Addressing grand challenges such as cli-
mate change will also require fundamental 
advances in technology. In the United States, 

this means continuing to support the 
core strengths of U.S. firms and univer-
sities—the invention of new technolo-
gies—through increased investments 
in basic and applied research. But the 
technologies that emerge from these 
efforts must eventually be scaled and 
deployed. Working with Chinese man-
ufacturers can accelerate this process.

The division of labor between West-
ern inventors and Chinese manufac-
turers is not fixed or inevitable. Other 
nations can (and should) continue 
investing in domestic manufacturing 
capabilities as part of continued tech-
nological innovation. But in a global 
marketplace such as energy technol-
ogy, it is unlikely that the entire value 
chain for a complex, manufactured 
product would lie entirely within 
national boundaries. As unsettled 
trade relations between China and 
the world threaten to undercut efforts 
to strengthen global ties in LCET sec-
tors, we cannot lose sight of the cli-
mate challenge or risk missing the 
narrow remaining window to reduce 
global emissions. Building on the ad-
vanced mass manufacturing capabili-
ties of Chinese LCET firms is the most 
promising path toward rapid global 
decarbonization. j
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Making progress on climate

China

• Allow foreign firms fair 
access to its domestic 
market
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Making progress on climate

U.S.

• Rejoin the Paris agreement
• Maintain a regular dialogue 

with China on progress
• Support domestical scale up 

and demonstration projects 
for emerging LCETs.

China

• Allow foreign firms fair 
access to its domestic 
market
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Making progress on climate

U.S.

• Rejoin the Paris agreement
• Maintain a regular dialogue 

with China on progress
• Support domestical scale up 

and demonstration projects 
for emerging LCETs.

Both
• Establish partnerships 

around clean energy
• “Green” development 

assistance for other 
developing nations

China

• Allow foreign firms fair 
access to its domestic 
market
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