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The Role of Renewable Energy in Meeting 21st Century Energy Demand in Asia 
 
Developing countries are the engine for growth in energy demand in the 21st century. India, 
China and Southeast Asia together account for 60% of the projected future energy demand 
globally through 2040.1 While China has been the driver of global growth of the past two 
decades, due to the rapid economic and population growth expected across Southeast Asia, its 
projected growth in energy demand will be twice as large as China’s over the next two decades, 
representing one-tenth of the rise in global demand.2   
 
Growing global energy demand will require significant investments in new energy infrastructure, 
and most of this investment will be in renewable energy. Around $7.8 trillion is projected to be 
invested in renewable power worldwide through 2040 in technologies including onshore and 
offshore wind; utility-scale, rooftop and distributed solar; and hydropower. Renewable energy in 
fact comprises the bulk of the investment that is projected to be spent across the entire power 
sector, compared with $2.1 trillion to be invested in fossil fuels, mainly in emerging economies.3 
BP projects that two-thirds of new power generation will come from renewables over the next 
two decades.4 Developing economies committed $177 billion to renewables last year, up 20% 
from the prior year; this is even larger than the $103 billion in developed countries, where 
investment was actually down 19%.5 Last year marked the largest shift towards renewable 
energy investment in developing countries that we have seen yet. In the Indo-Pacific alone, 
investment totaled $168.9 billion. 6  
 
The directions that Asia’s energy growth takes are driven by a variety of national and regional 
concerns including economic development and job creation, energy security, electricity access, 
air quality and public health, and climate change mitigation. Asia’s energy future will be both 
green and brown. Asia will make up half of global growth in natural gas, 60% of the rise in wind 
and solar photovoltaics, more than 80% of the increase in oil, and more than 100% of the growth 
in coal and nuclear.7  
 
In Southeast Asia in particular, renewable energy is expected to play an increasingly important 
role. The declining cost of renewables globally also presents new options for off-grid 
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applications, which can increase energy access and reduce reliance on costly diesel generators in 
remote areas. The International Energy Agency (IEA) projects that by 2040 renewables will 
account for the largest share of installed capacity in Southeast Asia at around 40%, but will still 
lag behind coal in terms of share of total electricity generation.8 Even high efficiency 
supercritical or ultra-supercritical coal plants will put these countries on a high carbon energy 
development pathway. But if its growing economies continue to rely on fossil fuels and do not 
leapfrog to advanced, cleaner technologies, emerging Asia will lock in a commitment to future 
carbon emissions that will crush global climate efforts. As we have been warned by the most 
recent IPCC report, power generation systems will need to reach net zero carbon emissions 
around 2050 to stabilize global emissions and avoid the most dangerous climate impacts.9 While 
much focus has rightfully been on China’s power system as the largest source of current 
emissions, for plants that are in the pipeline (meaning planned but not yet built), other 
developing countries, particularly throughout emerging Asia, will be far a more important source 
of emissions in the coming decades.   
 
 
Opportunities to Shape Asia’s Clean Energy Future 
 
There are two key opportunities to shape Asia’s clean energy future: (1) by shaping the source 
and nature of investments in Asia’s growing energy infrastructure, and (2) by shaping the types 
of energy technologies that are deployed. Currently, the country playing the biggest role in 
shaping the energy future of its Asian neighbors, is China. 
 
China has emerged as the largest single provider of overseas infrastructure investment in the 
world, and particularly in Asia. Many of these investments are motivated by China’s Belt and 
Road Initiative (BRI). China does not provide official numbers for outbound energy 
infrastructure investments, but estimates suggest that, since 2000, China’s two state-run policy 
banks (the China Development Bank and the China Export-Import Bank) may have provided 
between $150-250 billion in global energy infrastructure financing, of which approximately half 
stayed within Asia.10 An increasing amount of that funding is being directed toward Southeast 
Asia to meet the region’s growing infrastructure needs, including energy infrastructure.  
 
China has been dominating the sales of coal plants abroad since the early 2000s. While China 
actually exports far more solar panels around the world than any other country, this deployment 
is not evenly distributed across the world.11 Developing countries tend to want coal plants, not 
just because they are being sold inexpensively, but because they represent a tried and true model 
of development that they want to replicate. The vision for technology leapfrogging is like the 
model we saw in cell phones, where many developing countries leapfrogged over the use of 
landlines and straight towards mobile phones, allowing access to the internet and financial 
services even in remote locations. In clean energy this is not always being achieved, because the 
countries that industrialized first and are already transitioning to clean energy technologies still 
want to export their polluting technologies elsewhere. For example, we see that even China, still 
the largest coal user in the world, has put in place very stringent environmental regulations to 
reduce domestic air pollution, and has established the world’s largest carbon market. As a result, 
there are reports that they are shutting down some of their dirtier, less efficient coal plants before 
end of their useful life, and exporting these dismantled plants to countries in Southeast Asia.  
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China is not alone in financing coal-fired power plants overseas. Japanese, Korean, French, and 
German banks are currently the major sources of finance for coal-fired power plants around the 
world, but China is beginning to catch up with and will potentially surpass Japan as the region’s 
largest foreign direct investor and component provider.12 One study estimates that Chinese firms 
are involved in the construction, ownership, or financing of at least 16% of all coal-fired power 
stations under development outside China.13 Chinese energy companies have strong national 
support and domestic policies that favor them and their overseas investments; they can outbid 
competitors and provide power plant projects at a lower cost. This access to cheaper labor, 
materials, and financing has helped China become a leading investor in overseas coal plant 
development. Of all the power capacity additions in Asia involving Chinese corporations, 68 
percent of operating capacity and 77 percent of under-construction capacity is in coal.14 Most of 
this coal power finance is concentrated in South Asia and Southeast Asia, with the largest 
markets in India, Indonesia, and Vietnam.15  
 
This goes against the vision for a clean energy figure that many governments are putting 
forward. For example, many emerging Asian countries have pledged aggressive renewable 
energy targets as part of their Paris Agreement commitments that if met could lead to many 
gigawatts of renewable power being built in these countries. 16  In addition, there are significant 
risks to an extensive reliance on coal given the rising environmental and social costs. Around the 
world, coal plants are increasingly at risk of becoming stranded assets and a frequent target of 
public protests.17 Despite the risks, Chinese coal plant development is on a growth trajectory due 
to the pull from poorer nations that seek the cheapest options for energy finance, as well as the 
desire for Chinese companies to expand their markets overseas. 
 
In contrast, almost all of the multilateral development banks have been restricting coal plant 
investments due to environmental concerns. The World Bank pledged in 2010 to stop 
investments in coal, and more recently in oil and gas as well. The Asian Development Bank 
(ADB) has not funded any coal plants since 2013. Even the China-led Asia Infrastructure 
Investment Bank (AIIB) has an aggressive energy sector strategy guiding its investments with 
very restrictive language about supporting coal and oil investments.  
 
It is clear from the trends described above that the source of investment matters in shaping 
energy technology decisions. And a lack of American investment will leave these technology 
decisions to China, Japan, and others in the region. 
 
 
Challenges and Opportunities for U.S. Companies 
 
There are major opportunities to expand U.S. involvement in both technology and investment 
decisions in emerging Asia. To understand these opportunities, we must understand the political 
economy of low carbon technology development. 
 
Now a $332 billion-dollar industry globally, the political economy of renewable energy around 
the world is becoming increasingly consistent.18  Many countries have identified renewable 
energy as a strategic industry for promoting economic development.19 Because the social benefit 
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of reducing greenhouse gas emissions is not generally reflected in cost structures, the 
deployment of socially desirable technologies is not always immediately economically 
profitable.  As a result, governments use policy tools to adjust relative prices to encourage the 
adoption of alternative energy technologies through subsidies or other forms of public support. 20  

 
To garner such support, the political rationale for renewable energy, namely carbon mitigation, is 
increasingly being directly linked to the economic rationale, namely job creation and 
technological leadership. While the carbon mitigation benefits of renewable energy may be 
global, economic development impacts are a benefit of renewable energy utilization that can be 
captured locally. For governments to justify extending the costs associated with renewable 
energy to ratepayers they must also make the case for other direct economic benefits from 
promoting renewables, such as job creation and long-term economic competitiveness. As a 
result, countries have increasingly been using protectionist policies to encourage domestic 
manufacturing for renewable energy and raise barriers to foreign entry into domestic markets. 
Not all countries are well positioned to become competitive exporters of the same green 
technologies, but if industrial policies can help create competitive domestic manufacturers, there 
may be direct domestic economic benefits. There may be global benefits as well; new market 
entrants can lead to more competition in the sector, and encourage further technological 
innovation.21 
 
Governments around the world have prioritized the development of renewable energy 
technologies with a range of policies and incentives. As the manufacturing and use of these 
technologies has grown rapidly in recent years, national leaders have shifted. The emergence of 
several rapidly industrializing economies in these industries has led to an increasingly globalized 
supply chain, and consequently an increase in the international trade of renewable energy 
technologies. It is therefore not surprising that trade-related disputes have also increased, both 
via the World Trade Organization (WTO) and domestic trade remedy channels. 22 
 
Perhaps no country has used industrial policy to promote renewable energy as effectively, and as 
controversially, as China.23  China’s policies to promote renewable energy have long included 
mandates and incentives to support the development of domestic technologies and industries. 
While some elements of these policies, such as local content requirements, are unduly 
protectionist, others are far less controversial, such as R&D support, technology certification and 
quality control programs, and fiscal or other tax-related incentives. The Chinese government has 
identified several renewable energy industries as strategic national priorities for science and 
technology (S&T) investment, and established a constant and increasing stream of government 
support for R&D and technology demonstration. Other forms of industry support have been 
given through more informal channels, such as low interest loans or other favorable loan terms 
given by central and local governments and state-controlled banks, low-cost land grants, or 
expedited permitting.  
 
China’s renewable energy growth over the past decade has been extremely impressive, 
particularly considering many of the challenges the country faces in this sector. Much of the 
country has mediocre renewable energy resources, and the geographic distribution of these 
resources is not well matched with where demand is located. Energy technology that has 
primarily been domestically developed has far less demonstration experience than that of other 
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countries, and in many cases is still struggling to catch up to the technological performance 
achievements of comparable technology made by other countries. In addition, renewable energy 
project siting has frequently been inefficient, resulting in lower capacity factors. Inexperienced 
operation and maintenance (O&M) and poor forecasting only increases obstacles to achieving 
high-performance renewable energy facilities.24 
 
While renewable energy has been growing quite rapidly over the last decade in China, key 
technologies are facing serious obstacles. Continued curtailment of wind and solar power and 
consolidation among technology manufacturers has affected the growth of the industry. While 
widespread curtailment of wind and solar power is in part a technical issue driven by insufficient 
peak capacity, distribution congestion and transmission capacity limits, political and institutional 
factors play an even larger role. Curtailment is also caused by the incentive structure created by 
fragmented transmission authorities and local taxation structures, as well as the way electricity is 
priced in a still predominately state-regulated power sector. 25 
 
There has been a lot of attention rightfully placed on intellectual property theft by China, and at 
least one high profile case related to IP theft in China’s wind power sector. However, research 
supports the finding that most of the IPR that Chinese companies have acquired in the clean 
energy space has been obtained legally. Most studies of the Chinese wind and solar industries 
have not found any significant obstacles to accessing advanced technologies and intellectual 
property through licensing, mergers, or research partnerships with foreign firms. There have 
been some examples of foreign firms not wanting to give up key elements of their proprietary 
technology due to concerns about IP protection and competition, most prevalently in the wind 
industry, but also in the solar industry particularly for second generation technologies. There 
have not been any major barriers to increasing manufacturing scale locally due to China’s strong 
manufacturing base and skilled workforce. 26   
 
The larger challenge for China has been the development of a healthy innovation system that 
provides multiple layers of support for innovative activity including by fostering access to global 
learning networks. The tension between the state-led push for indigenous or independent 
innovation and the needs of Chinese firms to catch-up to global counterparts using international 
collaborations in innovation has to some extent hurt Chinese firms. In addition, protectionism 
and barriers to market entry and to trade by foreign technology firms are still widespread, and it 
is unlikely this will change. This prevents innovation that can happen through international 
collaborations, as well as through competition. This is one reason that many Chinese solar firms 
and increasingly wind firms have developed R&D centers abroad. 27  
 
If China’s first major clean energy technology successes were in wind and solar, their next big 
success is poised to be in energy storage. Energy storage technologies represent a $620 billion 
investment opportunity over the next two decades.28 While China is still in the early stages of 
energy storage deployment and utilization, its companies are already among the world’s top 
energy storage technology manufacturers.29 At the end of 2017, the Chinese government 
released a 10-year plan for developing a domestic energy storage industry for two key 
purposes: (1) to support battery manufacturing for its already massive electric vehicle 
manufacturing enterprise; and 2) to help with the serious grid challenges related to 
integrating substantial amounts of wind and solar power into the grid.30   
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It is projected that energy storage deployments will grow thirteenfold over the next six 
years. Last year’s deployments already made up more than half of the total amount of 
storage deployed in the past five years. This growth likely will be concentrated in the 
United States and China, which together are projected to account for over half of global 
deployments by 2024.31 In the United States, the States are currently taking the primary 
leadership role in supporting energy storage deployment, with California, New York and 
Massachusetts all having mandates. Big U.S. utility-scale solar projects are also adopting 
storage, including projects in Hawaii, Texas, Minnesota and Colorado.  
 
But China is becoming the market to watch. It has made bold commitments for electric 
vehicles that are driving its dominance in battery technologies. Its 2018 New Energy 
Vehicle (NEV) mandate includes a target for 4.6 million electric vehicles by 2020, and a plan to 
eventually ban cars with traditional internal combustion engines. This single policy has had 
ripple effects across the globe. Within 48 hours of China’s announcing this target, General 
Motors and Ford announced major electric vehicle initiatives.32 This is a great example of how a 
strong, clear policy signal can push businesses to drive technology deployment efforts even 
further, leading to what has been called an “ambition loop.”33 Government leaders likewise 
should build on corporate commitments and implement policies and targets that will further 
incentivize these efforts.   
 
The United States should not stand by and let China use its state-directed industrial policy to 
dominate the energy technologies of the future. As one Detroit publication states, “The U.S. auto 
industry risks becoming an isolated technical backwater while China surges into the global lead 
in a technology its government has targeted as a key to leadership for the 21st Century.”34 The 
market for electric vehicles, batteries and other energy storage applications is massive, and the 
opportunities for American technology companies and investors are significant. Tesla is 
completing construction on its third “Gigafactory” in Shanghai. (Gigafactory 1 is in Reno, 
Nevada; Gigafactory 2 in Buffalo, New York.) The massive electric car production facility was 
constructed in months in the middle of a muddy field. Many in the United States called Tesla’s 
two-year timeframe from construction to production in Shanghai not feasible, but it looks like 
they will meet this schedule. 35 China can use state intervention to make things move quickly. 
And they obviously saw a major opportunity from being the first Tesla factory outside the United 
States.  
  
 
Recommendations for U.S. Policy and Engagement in the Region 
 
The transition to a low carbon economy is already underway, and the United States is currently a 
leader in the development of the next generation of energy technology industries. American 
companies are leading the world in making solar photovoltaics cheaper with more efficient 
materials as well as flexible solar cells; in developing advanced biochemical and renewable 
fuels; in developing solar thermal technologies to operate conventional steam turbines; and in 
developing smart grid technologies to allow for intelligent energy systems that can shift and 
reduce demand.36 We are leading in developing efficient building materials, lighting, and energy 
management software. We are also leading in the soft, technical skills needed to plan for and 
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design low carbon energy systems. These industries are creating domestic jobs, and are 
generating new innovation with spillover effects across the economy.37 
 
For all countries, the transition to cleaner sources of energy is not just about climate change; this 
transition will lead to the creation of new, globally competitive industries. For all countries, the 
low carbon transition is an economic issue, a competitiveness issue, and a public health issue—
not “just” an environmental issue.  And this transition does not have to come at the expense of 
economic growth. As global carbon emissions growth slows, economic growth has increased. In 
the United States, air quality has improved dramatically over the past two decades, even as the 
economy has expanded. 38 
 
Now is the time to double down on programs that are accelerating the clean energy transition, 
ensuring we do not fall behind in innovating the core technologies of the future. The U.S. 
government has established several sophisticated programs that are directly supporting U.S. 
energy entrepreneurs. Programs like the Advanced Research Projects Agency (ARPA–E) and 
Cyclotron Road target early-stage, high-impact energy technologies with the potential to 
radically improve economic prosperity, national security, and environmental well-being.39  These 
innovative programs are being emulated by many other countries around the world. At the 
subnational level, many U.S. states have been promoting aggressive clean energy policies and 
developing smarter, more efficient ways to manage power systems. These incentives are creating 
new job opportunities ranging from installation and manufacturing jobs to high tech jobs.  
In California, employment in advanced energy technologies grew six times faster than overall 
employment growth last year.40 
 
The United States has been engaging with numerous Indo-Pacific nations on clean energy, 
natural resources, and climate change; engagement with some countries including China and 
India spans several decades. In many cases, this engagement has directly benefited U.S. 
companies, and led to fruitful technology partnerships with researchers at U.S. universities and 
national laboratories.41  This cooperation has also played a crucial role in expanding global 
action on energy and climate change.  
 
In addition, global linkages can spur innovation. The United States benefits from collaboration 
with other countries, including China: the largest clean energy market in the world.  Should the 
United States decrease its involvement in such efforts, it risks its own technology industries and 
research community becoming more isolated. The United States is innovative because of its 
global linkages and partnerships, not in spite of them. 
 
We should launch new bilateral collaboration in emerging Asia. Existing collaborations with 
China (CERC) and India (PACE-R) have revealed characteristics of effective bilateral 
collaboration, including an a priori intellectual property framework, joint work-planning, and 
integration of public and private capital and institutions. Now the United States has an 
opportunity to launch new collaborations that improve on existing initiatives. For example, in 
addition to R&D, international technology collaborations should also target industrial-scale 
demonstration projects that consolidate individual research projects and provide more scope for 
joint patent filings. Moreover, the funding and prioritization schemes should be even more 
flexible to adapt to changing needs. 
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Given the scale of investment that will be directed at the energy sector in Asia in the coming 
decades, the U.S. Government should partner with the private sector to design and pilot a finance 
facility for clean energy technology projects in emerging markets. The goal of the facility would 
be to develop a self-sustaining, replicable and scalable fund that requires decreasing amounts of 
concessionary capital over time as the risks associated with investment in this space are better 
understood and quantified. In addition, conventional energy infrastructure has traditionally 
consisted of large, centralized fixed assets developed using well established project financing 
structures and instruments, while many of the most promising sources of clean energy are 
harnessed using smaller scale, distributed facilities. Therefore, the government should look to lay 
a key role in establishing and incentivizing means of capital aggregation for next generation 
distributed renewables and low carbon technologies. Such efforts can help to counter Chinese 
dominated investment in Asia’s energy infrastructure. 

As existing multilateral agencies like the World Bank are moving away from financing polluting 
energy sources such as coal, China has emerged as an important alternative source of finance that 
has yet to enact strict lending guidelines on the environment, particularly in the context of its 
expansive Belt and Road Initiative. The U.S. should directly, bilaterally engage in expanded 
dialogue with China on how the two countries can work together to ensure that development 
finance institutions do not undermine global decarbonization efforts. Commonly agreed 
safeguards should be developed to promote green over brown investments, particularly in 
emerging and developing economies in the Indo-Pacific.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 9 

1 International Energy Agency, “World Energy Outlook 2018” (Paris: OCED, 2019), https://www.iea.org/weo2018/. 
2 International Energy Agency, “Southeast Asia Energy Outlook 2017,” World Energy Outlook Special Report, 
2017.   
3 BNEF, “World to Invest USD 7.8trn in Renewables by 2040,” Renewablesnow.com, 2016, /news/world-to-invest-
usd-78trn-in-renewables-by-2040-bnef-528559/. 
4 Emma Foehringer Merchant, “BP and McKinsey Agree Renewables Will Be the Dominant Power Source by 2040, 
but Diverge on Numbers,” February 16, 2019, https://www.greentechmedia.com/articles/read/mckinsey-and-bp-
renewables-power. 
5 Angus McCrone et al., eds., “Global Trends in Renewable Energy Investment Report 2018” (FS-UNEP 
Collaborating Centre for Climate & Sustainable Energy Finance, April 2018), http://fs-unep-
centre.org/publications/global-trends-renewable-energy-investment-report-2018. 
6 McCrone et al. 
7 International Energy Agency, “Southeast Asia Energy Outlook 2017.” 
8 International Energy Agency. 
9 IPCC, “Summary for Policymakers — Global Warming of 1.5 oC,” 2018, 
https://www.ipcc.ch/sr15/chapter/summary-for-policy-makers/. 
10 Kevin P Gallagher, “China Global Energy Finance: A New Interactive Database,” GEGI Policy Brief (Boston 
University, 2017). 
11 United Nations, “UN Comtrade International Trade Statistics Database,” 2019, https://comtrade.un.org/. 
12 Melanie Hart and Joanna Lewis, “China’s Role in Southeast Asia’s Energy Development: Identifying Drivers 
Behind Coal Plant Investment Decisions” (Working Paper prepared for the Georgetown U.S.-China Climate 
Research Dialogue, February 2019). 
13 Christine Shearer et al., “Tracking the Global Coal Plant Pipeline,” 2018, 16. 
14 Phillip M. Hannam et al., “Developing Country Finance in a Post-2020 Global Climate Agreement,” Nature 
Climate Change 5, no. 11 (November 2015): 983–87, https://doi.org/10.1038/nclimate2731. 
15 Herve Hervé-Mignucci and Xueying Wang, “Slowing the Growth of Coal Power Outside China: The Role of 
Chinese Finance,” CPI, November 2015, https://climatepolicyinitiative.org/publication/slowing-the-growth-of-coal-
power-outside-china-the-role-of-chinese-finance/. 
16 Lihuan Zhou et al., “Moving the Green Belt and Road Initiative: From Words to Actions” (World Resources 
Institute and BU Global Development Policy Center, October 2018).   
17 Jennifer Hadden, “EPS Seminar: Beyond Coal? Exploring Variations in Global Protests Against Proposed Coal-
Fired Power Plants” (November 15, 2018), https://sfs.georgetown.edu/sfsevent/eps-seminar-beyond-coal-exploring-
variations-in-global-protests-against-proposed-coal-fired-power-plants/; Kevin P. Gallagher et al., “Fueling Growth 
and Financing Risk: The Benefits and Risks of China’s Development Finance in the Global Energy Sector,” May 
2016, https://open.bu.edu/handle/2144/23650. 
18 Joanna I. Lewis, “The Rise of Renewable Energy Protectionism: Emerging Trade Conflicts and Implications for 
Low Carbon Development,” Global Environmental Politics 14, no. 4 (2014). 
19 Kelly Sims Gallagher, “Why & How Governments Support Renewable Energy,” Daedalus 142, no. 1 (January 1, 
2013): 59–77, https://doi.org/10.1162/DAED_a_00185. 
20 John A. Alic, David C Mowery, and Edward D. Rubin, “U.S. Technology and Innovation Policies: Lessons for 
Climate Change” (Arlington, VA: Pew Center on Global Climate Change, 2003). 
21 Lewis, “The Rise of Renewable Energy Protectionism: Emerging Trade Conflicts and Implications for Low 
Carbon Development.” 
22 Lewis. 
23 Joanna I. Lewis, Green Innovation in China: China’s Wind Power Industry and the Global Transition to a Low-
Carbon Economy. (New York: Columbia University Press, 2013); Lewis, “The Rise of Renewable Energy 
Protectionism: Emerging Trade Conflicts and Implications for Low Carbon Development.” 
24 Joanna I Lewis, “Innovative Activity in China’s Wind and Solar Power Technology Sectors,” Prepared for the 
Project on Promoting Green Innovation as a New Driver of Growth in China (World Bank-IFC, December 2016). 
25 Lewis. 
26 Lewis. 
27 Lewis. 
28 BNEF, “Energy Storage Is a $620 Billion Investment Opportunity to 2040,” Bloomberg NEF, January 2, 2019, 
https://about.bnef.com/blog/energy-storage-620-billion-investment-opportunity-2040/. 

                                                        



 10 

                                                                                                                                                                                   
29 Joanna I. Lewis, “China’s Role in Energy Storage Technology Development,” Prepared for the Project on 
Promoting Green Innovation as a New Driver of Growth in China World Bank-IFC (World Bank-IFC, March 2017). 
30 Smita Kuriakose et al., “Accelerating Innovation in China’s Solar, Wind and Energy Storage Sectors,” World 
Bank, 2017, http://documents.worldbank.org/curated/en/981901507788036856/Accelerating-innovation-in-China-s-
solar-wind-and-energy-storage-sectors; Jeff St John, “Global Energy Storage to Hit 158 Gigawatt-Hours by 2024, 
Led by US and China,” April 10, 2019, https://www.greentechmedia.com/articles/read/global-energy-storage-to-hit-
158-gigawatt-hours-by-2024-with-u-s-and-china. 
31 St John, “Global Energy Storage to Hit 158 Gigawatt-Hours by 2024, Led by US and China.” 
32 Andrew Steer, “How China Raised the Stakes for Electric Vehicles,” World Resources Institute, December 2018, 
https://www.wri.org/blog/2018/12/how-china-raised-stakes-electric-vehicles. 
33 Steer. 
34 Mark Phelan, “China EV Production Is Booming While U.S. Efforts Stagnate,” Detroit Free Press, March 27, 
2019, https://www.freep.com/story/money/cars/mark-phelan/2019/03/27/china-electric-vehicles-
production/3217195002/. 
35 Simon Alvarez, “Tesla Gigafactory 3’s Rise Shows That It’s Too Early to Dismiss Elon Musk’s ‘Sci-Fi 
Projects,’” May 20, 2019, https://www.teslarati.com/tesla-gigafactory-3-china-rises-elon-musk-sci-fi-projects/. 
36 “The 50 Most Innovative New Renewable Energy Companies | AltEnergyMag,” May 6, 2016, 
https://www.altenergymag.com/article/2016/05/the-50-most-innovative-new-renewable-energy-companies/23565/. 
37 EESI, “Fact Sheet - Jobs in Renewable Energy and Energy Efficiency,” 2015, 
https://www.eesi.org/papers/view/fact-sheet-jobs-in-renewable-energy-and-energy-efficiency-2015; Megan 
Nicholson and Matthew Stepp, “Lean, Mean, and Clean II: Assessing DOD Investments in Clean Energy 
Innovation” (Information Technology and Innovation Foundation, October 16, 2012), 
https://itif.org/publications/2012/10/16/lean-mean-and-clean-ii-assessing-dod-investments-clean-energy-innovation-
0. 
38 IEA, “Decoupling of Global Emissions and Economic Growth Confirmed,” International Energy Agency, March 
16, 2016, https://www.iea.org/newsroom/news/2016/march/decoupling-of-global-emissions-and-economic-growth-
confirmed.html; EPA, “Our Nation’s Air 2016,” 2016, https://gispub.epa.gov/air/trendsreport/2016/. 
39 “ARPA-E: Changing What’s Possible,” accessed May 22, 2019, https://arpa-e.energy.gov/; “Cyclotron Road,” 
Cyclotron Road, accessed May 22, 2019, https://www.cyclotronroad.org/. 
40 BW Research Partnership, “Advanced Energy Jobs in California” (Advanced Energy Economy Institute, 2016). 
41 DOE, “Energy Department Announces New Projects between U.S. and China to Cut Emissions,” Energy.gov, 
October 13, 2016, https://www.energy.gov/eere/articles/energy-department-announces-new-projects-between-us-
and-china-cut-emissions. 


