


INTRODUCTION

In 2009 the Information Technology and Innovation Foundation (ITIF) and the Breakthrough Institute
collaborated to complete the report, Rising Tigers, Sleeping Giant, which benchmarked the clean energy
competitiveness of China, Japan, South Korea, and the United States in order to emphasize the
importance of innovation as a driver of economic competitiveness.! The report analyzed clean energy
investments and policy support for research, manufacturing, and domestic demand, focusing on wind,
solar, nuclear, carbon capture and storage, hybrid and electric vehicles, advanced batteries, and high
speed rail.

This follow-up report examines the competitive economic position of those same four nations—China,
Japan, South Korea, and the United States—in the global clean energy technology sector as of 2015.
Exploring competitiveness in the clean technology industry as measured by research, development, and
demonstration (RD&D), and new developments in infrastructure deployment, it focuses on three low-
carbon energy generation technologies: solar, wind, and nuclear power. Finally, it discusses policy
conclusions for the United States, including reasons why the United States cannot count on current
policies and private incentives to address climate change and remain competitive.

COMPARING RESEARCH AND INNOVATION IN THE CLEAN ENERGY SECTOR

The international energy landscape has changed considerably since 2009. Large stimulus packages
following the Great Recession gave way to significant adjustments in public and private RD&D and
investment, with austerity measures in the United States and large reallocations in Japan out of the
nuclear sector. Perhaps the most prominent shi , however, has been the rise of the Chinese clean energy
sector. Driven by strong domestic demand, low manufacturing costs, and protectionist local content
requirements, China’s clean manufacturing output has surged. Chinese companies top the list of largest
solar panel producers and are making significant inroads in wind turbine production.? As this report
shows, this is not simply because China is a convenient low-cost producer of technologies developed in
other nations: The Chinese government now spends more on renewable energy RD&D than any

other nation.

For many years, Japan was the United States’ only serious clean energy industry competitor in Asia. Both
nations significantly ramped up energy RD&D spending a er the 1970s’ oil price shocks, but from the
1980s onward Japan maintained high levels of investment as a percent of GDP, while the United States
quickly reduced its investment. (Figure 1) In the past 15 years Korea and China have increased their
energy innovation spending as well. Korean government energy-related RD&D spending peaked in 2007
but has remained above the United States except for 2009, the year of the U.S. stimulus package. Data for
overall energy RD&D is unavailable for China.
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Figure 1: Total government energy RD&D budgets per thousand units of GDP®

The e ects of these RD&D inputs can be seen in patent output. U.S. companies have filed roughly half the
number of triadic energy patents that Japanese companies have since the turn of the millennium (triadic
patents are patents filed in the United States, Japan, and Europe).* However, stable output rates mean
that U.S. energy patent output is falling relative to GDP. As a share of GDP, energy-related triadic patents
are on average four to five times higher in Japan than in the United States, and about 50 percent higher in
Korea. (Figure 2) China was below the United States as of 2011, the last year for which data was available,
but it has undoubtedly made progress since then in terms of patenting.
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Figure 2: Total energy-related triadic patents (relative to GDP in billions current USD)®
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Separating renewable energy RD&D from total energy RD&D provides adi erent picture. The long-term
trend has been a large increase from 10 years ago in all four countries, although government renewable
energy RD&D in the United States has remained low relative to the stimulus-induced funding of 2009-
2010. (Figure 3) Although it was on a downward trajectory before, Japanese investment shot up in 2011.
Korean investment has increased by a factor of four, even controlling for GDP growth. And China now
leads the United States not only in expenditure as a percentage of GDP—which is also true of Japan and
Korea—but in absolute terms as well.
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Figure 3: Government spending on renewable energy RD&D as percent of total GDP (IEA, BNEF)®

Renewable energy patents have increased in all four countries since the beginning of the millennium,
particularly in Korea. (Figure 4) However, the United States again lags in third place behind Japan and
Korea in relative terms. In absolute terms (not pictured) the United States and Japan are more evenly
matched, and far ahead of China and Korea: While Japan filed for 352 renewable energy-related
patents in 2009 and the United States filed for 310, Korea and China filed for only 103 and 26 that
year, respectively.
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Figure 4: Triadic patents for energy generation from renewable and non-fossil sources (relative to GDP in billions
current USD)’

Despite large increases, government investment in RD&D for renewables has actually fallen in proportion
to GDP due to the fast growth of China’s economy. (Figure 5) Still, these absolute levels of investment are
substantial. In 2014 China’s government funding for clean energy research and development accounted
for nearly a third of total public support around the world—more than double that of the United States.®
Public support worldwide made up slightly less than half of total public and private support, which means
that the Chinese government provided almost 15 percent of total funding for clean energy R&D around
the world. China’s public R&D appears to compensate for a relative lack of private R&D within China:
Chinese companies spend just half of what U.S. companies spend, or what Japanese and Korean
companies together spend.®
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Figure 5: Chinese government spending on renewable energy R&D (millions 2013 USD and percent GDP)™

2010

2011 2012 2013 2014

INFORMATION TECHNOLOGY AND INNOVATION FOUNDATION



While Chinese R&D expenditures have increased significantly, it is likely that most of these funds are
allocated to development and applied research with little allocated to basic research In aggregate,
including not only energy but all other areas of research, China spent only 4.6 percent of total public and
private research funding on basic research.*! This compares with an average among developed nations of
15 percent to 20 percent.*? Patenting in China remains significantly below the United States and Japan, at
least for the most recent available years (2010 and 2011). (Figure 2) Data quality here is somewhat
problematic, however. Triadic patents are those that are filed in the United States, Japan, and Europe, so
numbers may be naturally biased against Chinese companies that are only filing in China. There were
more than 1.3 million patents authorized in China in 2013, compared with 6,000 filed by Chinese
companies in the United States, for example.™® On the other hand, o icial Chinese sources have noted
that many Chinese patents are of very poor quality and few Chinese companies are engaging in
substantial R&D.*

Two thirds of Chinese government R&D expenditures ($1.1 billion) have gone toward solar energy.* This
amount is more than the total government R&D expenditure for all types of renewable energy in both
Japan and Korea combined, or in the total government expenditure on renewable R&D in the United
States. These large investments appear to have played a role in assisting Chinese businesses to
significantly increase global market share in the sector.

Japan’s public spending on energy RD&D remains very high, at 0.07 percent of GDP.® Japan’s large
amount of funding has translated into an impressive amount of energy-related patents, more than double
the amount in the United States.

Japan’s public RD&D budget was heavily focused on nuclear through 2010, receiving nearly 70 percent of
total funding that year.’” Since the Fukushima disaster, however, the role of nuclear power in Japan’s
future has been less clear. Japan shut down all of its 50 nuclear plants and cut nuclear RD&D significantly
in 2011, although it still made up more than half of overall funding that year. (Figure 6) Renewable funding
increased in its place, as Figure 3 shows above.
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Figure 6: Japanese government spending on energy RD&D, 2011*°

INFORMATION TECHNOLOGY AND INNOVATION FOUNDATION



Solar has traditionally occupied the largest portion of Japan’s funding for renewables, but Japan has
diversified in recent years. Wind and biofuels have grown since 2009 to 20 percent of renewable RD&D
funding, while large investments in “other renewable energy sources” were allocated 62 percent of total
renewables funding in 2011, the latest year with available data. (Figure 7) Even though the level of
government funding of renewable RD&D is high, government funding makes up a smaller percentage of
Japan’s overall RD&D funding because Japanese firms tend to invest more in RD&D than their
counterparts in other countries. Overall, Japanese government funding made up only 16.4 percent of
total RD&D, with industry providing the rest of the funds.*® This helps account for the high levels of energy
patents despite lower levels of absolute spending than the United States.
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Figure 7: Japanese government spending on renewable energy RD&D by technology (percent GDP)*

Korea’s public spending on all types of energy RD&D is well diversified, with renewables claiming the
largest proportion at just over a quarter of expenditure. (Figure 8) Nuclear is the second largest at 20
percent, with energy e iciency, fossil fuels, and other sources claiming about 15 percent each.

Like Japan and China, Korea allocates the bulk of its renewable funding to solar energy projects. (Figure
9) No Korean company has managed to break into the top 10 solar companies by shipment size, however.
This is perhaps not surprising, as Korea’s overall public RD&D on clean energy technology has not reached
the levels of its Asian neighbors. Korea did significantly outpace China in triadic patents through 2011, the
latest year with available data.
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Figure 8: Korean government spending on energy RD&D, 2011*
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Figure 9: Korean government spending on renewable energy RD&D by technology (percent GDP)?

Other than a brief period a er the 1970s’ oil crises, the U.S. government has long invested less as a share
of GDP on energy RD&D than Japan, the leader since then. Even the U.S. fiscal stimulus package in 2009
only brought expenditure levels up to around half of the 1981 peak, and still failed to match Japan’s
percentage. The stimulus program also marked the last time the United States allocated a larger amount
of money in absolute terms toward renewable energy R&D than China did. Since then, China has
increased its renewable energy R&D budget significantly while the U.S. budget has fallen due to the
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sequester and other austerity measures. According to Bloomberg New Energy Finance and the United
Nations Environmental Program, the United States renewable energy R&D budget is now less than half

of China’s.®

Moreover, since 2008, U.S. RD&D spending on renewables has been dominated by biofuels, despite the
uncertainty surrounding their ability to reduce carbon emissions and tendency to crowd out food
production and raise food prices.* As recently as 2013, biofuels made up 57 percent of renewable energy
RD&D funding, with over half a billion dollars of support. (Figure 11) Solar and wind energy came in
second and third with 22 percent and 10 percent of total renewable energy RD&D funding, or $200 million
and $93 million.

Figure 10: U.S. government spending on energy RD&D, 2013
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Figure 11: U.S. government spending on renewable energy RD&D by technology (percent GDP)*®
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