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Abstract

Solar panel production costs have experienced a dramatic decline in the last two decades.
This trend is concomitant with the remarkable rise of China as a global solar producer, in part
sparked by industrial policies. We study the impact of the introduction of subsidies for the
solar manufacturing sector in China on innovation, emissions reduction, and output at the
global level. We use firm-level patent data to show that the increase in Chinese competition in
the solar PV manufacturing sector driven by the policy had a negative impact on innovation
in the rest of the world. Building on this observation, we develop an open economy growth
model with endogenous innovation in solar and non-solar energy technologies to evaluate the
overall effect of Chinese industrial policies on solar panel costs, through their counteracting
effects on domestic and foreign innovation, combined with their positive effects on production.
Our preliminary calibration using US and Chinese data highlights the crucial role of the global
innovation response. In the short run, industrial policies have an unambiguously positive
impact on the development of the solar energy sector. However, in the long run, the impact
on the solar sector is positive with exogenous technological changes, while it turns negative

once the global innovation response is taken into account, delaying the clean transition.

*We thank seminar participants at the University of Zurich, the University of Geneva, the Swiss Workshop on
Environmental, Resource and Energy Economics, the London School of Economics, the Bank of Italy, the Uni-
versity of Oslo, the Energy, Trade and Decarbonization Sloan-NBER conference, the Barcelona Summer Forum,
the Imperial-LSE Environment Workshop, the Annual Congress of the Swiss Society of Economics and Statistics,
and the PSE Green R&D and Industrial Policy in Open Economies Workshop for their helpful comments.

T Assistant Professor, University of Geneva. Email: claudia.gentile@unige.ch

¥ Associate Professor, University of Zurich and CEPR. Email: david.hemous@econ.uzh.ch

$PhD Student, University of Zurich. Email: carole.marullaz@econ.uzh.ch

IThis is work in progress, please do not cite the quantitative results of this version.


https://drive.google.com/file/d/1-Sr_hTIHYJIiYpqD7808YggYjoaRdDGQ/view?usp=sharing

1 Introduction

The global decline in the cost of solar photovoltaic (PV) technology has been one of the most
significant developments in the energy sector over the past two decades. From 2000 to 2020, the
cost of solar PV modules dropped by more than 95% (figure 1). The notable acceleration in
cost declines starting in 2007 is concomitant with another important development in the solar
PV sector, the outstanding rise of China as a dominant player in global solar manufacturing.
In 2006, the Chinese government started introducing a growing number of industrial policies,
supporting the solar sector through demand, production, and innovation subsidies (Banares-
Sanchez et al., 2023). Post-policy implementation, China’s market share in the solar PV sector
surged dramatically: from virtually null in 2005 to 60% by 2013 (Earth Policy Institute, 2015)
and 80% by 2020 (IEA, 2022).

While the resulting drop in solar prices has been widely seen as a positive step toward a
greener future, it has sparked protectionist responses from countries such as the United States
and Europe, concerned about the impact of Chinese policies on local green industries (Bollinger
et al., 2024). Competition with low Chinese prices has eroded the profit margins of foreign
producers, potentially damaging incentives to innovate in the rest of the world. Particularly
concerning is the marked decline in innovation in solar technologies outside of China over the
last decade (figure 2a). Given these dynamics, it is worth asking: Is China’s industrial policy
truly the gift to global clean energy development that it initially appears to be? This paper

offers the first quantitative analysis of this critical question.

Figure 1. Price Decline in the Solar PV Sector and the Role of China
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Notes: The blue line shows the solar panel prices in $/W, and the red line displays the Chinese share of global
solar cells production. The data sources are, respectively, the International Renewable Energy Agency (2023) and
the Earth Policy Institute (2014).



Our contribution is twofold. First, we empirically demonstrate that the increase in Chinese
competition harmed innovation in solar technologies in the rest of the world. Using firm-level
patent data, we find that a one-standard deviation increase in Chinese competition exposure
decreases a firm’s expected patent counts by at least 25% from 2013 onward, relative to expected
patent counts in 2007. Given this novel empirical evidence, the overall effects of Chinese solar
industrial policies on the clean energy transition are ambiguous. On one hand, we expect the
policies to have a positive effect on short run emissions reduction, through the direct effects via
lower Chinese solar panel prices, and increased innovation in China as documented by Banares-
Sanchez et al. (2023). On the other hand, given the negative impact of the policies on incentives
to innovate in the rest of the world, the medium and long-run effects of the policies might be
negative if global solar technological change slows down.

The second contribution of our paper is thus to develop an open economy growth model with
trade and innovation in solar technologies to quantitatively assess the trade-off between the short-
run reduction in emissions - resulting from lower solar prices driven by the Chinese subsidies - and
the potential longer-term increase in emissions due to a slowdown in solar innovation globally.
Our preliminary calibration to two regions, China and the US, highlights that considering the
endogenous global innovation response is crucial to evaluating the overall effects of industrial
policies. In the short run, we find an unambiguously positive impact of industrial policies on
the development of solar energy. However, in the long run, the impact on the solar sector is
positive with exogenous technological change, while it turns negative once we consider the global
innovation response. If policies shift innovation away from the most innovative regions towards
the least innovative regions, they can have long-term negative effects on solar technological levels,

solar energy deployment, and emissions reduction.



Figure 2. Innovation in Solar Photovoltaic Energy Technologies
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Notes: The figures are computed using PATSTAT data. Figure (a) reports the number of solar innovations
in China and in the rest of the world (RoW), per year. Each patent is assigned to a country based on the
nationality of its innovators. Patents with innovators from multiple countries are assigned to each country with
a corresponding weight. Patents whose innovators’ nationality is not reported are assigned to the country where
their claim has been submitted. The sample contains 173755 observations, over the years 2000-2019. Figure (b)
reports the number of biadic solar innovations in China and in the rest of the world, per year. Claims of biadic
patents have been submitted to at least two national authorities. The sample contains 22755 observations, over
the years 2000-2019

Our empirical analysis uses firm-level patent data on the universe of solar patenting firms
from Orbis IP and PATSTAT to build a firm-level measure of the exposure to Chinese compe-
tition before the introduction of the Chinese policies. Our measure captures whether countries
that constitute an important market for a given firm, are also important export markets for
Chinese firms. We use firms’ patent shares as a proxy for market shares, building on the strategy
developed by Aghion et al. (2016). A patent grants its owner the right to be the only one to
commercially exploit its innovation for a limited period of time. Given patenting in an additional
country is costly, firms patent in countries where they expect to sell in the future. We find that
an increase in the exposure of a firm to Chinese competition has a statistically significant nega-
tive impact on a firm patenting activity from 2013 onward. An increase in the Chinese exposure
measure by 1 standard deviation decreases the expected patent count in 2013 by 25%, relative
to the expected patent count in 2007. The magnitude of the effect is increasing over time. The
results are consistent with a negative impact of the policy-driven increase in Chinese competition
on the innovation of firms in the rest of the world.

Building on these observations, we develop an open economy growth model with trade and
innovation in solar energy technologies, to evaluate the overall effect of Chinese industrial policies

on solar energy adoption through their counteracting effects on solar panel prices and domestic



and foreign innovation. The economy is composed of two regions: China and the rest of the
world (RoW). Every region produces a final good using a production input and an energy input.
The energy input is produced using solar and non-solar energy. Solar energy is produced using a
continuum of intermediate inputs. Importantly, a fixed fraction of these intermediates is produced
in China, while the remainder is produced in the RoW. The two regions trade in the production
input and in solar intermediate inputs. Every intermediate input has its own quality level and is
produced by a monopolist who sets the price and decides how many researchers to hire to improve
its technology. We model incentives to innovate with a model of directed technical change a la
Acemoglu et al. (2012). In each region, there is a mass one of scientists who decide to direct
their innovation towards improving solar or non-solar technologies. A crucial factor affecting the
technological race between China and the RoW is knowledge spillovers. We allow for knowledge
spillovers between solar and non-solar technologies, and between our two regions. Finally, non-
solar energy use generates CO2 emissions which accumulate in the atmosphere following a climate
cycle a la Golosov et al. (2014).

The Chinese industrial policies are introduced in the model as a combination of subsidies
to production costs of Chinese solar intermediates producers and subsidies to innovation. The
former directly decreases the optimal solar intermediate price charged by the Chinese producers,
while the latter indirectly reduces prices of Chinese solar intermediates by incentivizing solar
innovation. Analytical results show that the Chinese industrial policies reduce the cost of pro-
duction of solar PV, increase solar production and innovation in China, and decrease innovation
in the RoW. The overall effect on emissions and global welfare is thus ambiguous.

Therefore, we calibrate our model to match pre-subsidy (2002-2006) key empirical moments
for the US and China.! In particular, we target aggregate macroeconomic variables such as total
employment and GDP, as well as electricity sector variables such as levelized costs, and output
in solar and non-solar electricity. We calibrate innovation productivity using data on non solar
energy cost declines from Lazard (2020), and data on costs decline for solar systems with panels
manufactured in China or in the US from the Berkeley Tracking the Sun data. We calibrate
cross-country knowledge spillovers using patent citation data from Liu and Ma (2021). We
calibrate Chinese solar industrial policies by using subsidies data from the China Stock Market
& Accounting Research Database (CSMAR), which provides information on the balance sheet
of publicly listed firms quoted on the Chinese stock market.

We use the calibrated model to carry out a quantitative analysis of the impact of the Chinese
solar industrial policies on solar energy adoption and innovation, emissions reduction, and welfare.
The quantitative analysis performs three exercises. First, we study how the economy evolves in
the absence of the Chinese solar industrial policies. This exercise is important as it allows us
to evaluate how incentives to innovate and solar technologies evolve in the absence of subsidies.
In what follows, we define exogenous technological progress as the technological evolution we

observe in the absence of subsidies. Secondly, we evaluate the impact of the Chinese solar

"We are currently working on extending our calibration to include more countries as the RoW.



industrial policies with exogenous technological progress. Then we allow innovation to respond
to the subsidies, and evaluate the impact of the subsidies with endogenous innovation. Finally,
we evaluate the impact of US trade policies.

Since we are still refining our calibration, the results of the quantitative analysis should be
regarded as preliminary. With exogenous technological progress, the Chinese solar industrial
policies unambiguously increase solar energy output both in China and in the US. Solar inter-
mediates production shifts towards China. The calibrated solar technological level and solar
innovative productivity are initially higher in the US than in China. The technological gap
shrinks over time thanks to an increase in solar innovation in China, and to knowledge spillovers,
but the US technological level remains always more advanced. The economy eventually transi-
tions away from non-solar energy towards a long-run equilibrium with solar energy only. The
policies accelerate the transition to solar energy, particularly in China.

With endogenous innovation, the policy-driven short-run increase in solar energy adoption
is amplified. Endogenous innovation can amplify the benefits of subsidies in terms of emissions
reduction. Subsidies increase the size of the solar PV market by decreasing the relative price of
solar energy intermediate inputs, which incentivizes more innovation in solar energy technolo-
gies via a market size effect. Solar innovation further decreases the price of solar intermediate
inputs, therefore pushing for further adoption of solar energy and reducing emissions. After the
introduction of the subsidies, the R&D resources devoted to the solar sector decrease in the US
and increase in China. Thanks to faster technological progress, the Chinese technology catches
up with and surpasses US technology by 2020. Technological progress slows down in the US,
and the US solar technological level is substantially lower than in the absence of the Chinese
solar industrial policies. Solar intermediates production shift towards China, more so than with
exogenous technological progress. The calibrated innovative productivity is higher in the US
than in China. In turn, even though the Chinese solar technology becomes temporarily more
advanced, once the two regions start to transition to solar energy and devote most of their R&D
resource to that sector, technological progress is faster in the US than in China.? The US be-
come again the solar technological frontier in 2050. Given that technological progress in the US
has been slowed down by the Chinese solar industrial policies, the solar technological levels in
the long run are lower than what we would see in the absence of policies. In turn, the policies
delay the solar transition in the US. They accelerate the transition in China in the medium run,
as the transition away from non-solar starts earlier than in the absence of policies. However,
the policies also delay the transition in China in the long run, as the solar technology ends up
being comparatively less advanced in the long run. Overall, the long-run carbon concentration
in the atmosphere is larger with the Chinese industrial policies than in the absence of policies.
All in all, the negative effects of the policies on RoW innovation dominate the positive effects.

This is explained by the initial research productivity gap estimated between the US and China:

2In the short run, even though innovative productivity is higher in the US than in China, China devotes more
R&D resources to the solar sector. Therefore, it achieves faster technological progress than the US.



the policies shift innovation away from the most innovative region towards the least innovative
region. However, there is no reason to believe that research productivity has stayed constant
over time, especially considering the outstanding development of the sector. Therefore, we are
currently working on calibrating the evolution of these parameters as well.

Our preliminary results highlight that considering the impact of Chinese industrial policies
on innovation incentives is key to evaluating the long-run impact of the policies. With exogenous
technological progress the policies have an unambiguously positive impact on the transition to
solar energy and emission reductions both in the short run and in the long run. With endogenous
technological change, the policies have a positive impact in the short run, while the long-run
impact can be negative if China does not catch up sufficiently fast with US research productivity.

This project contributes to several strands of the literature. First, it relates to the literature
studying the impact of increased competition on innovation. Aghion et al. (2005) finds theoreti-
cally and empirically the existence of an inverted U-shaped relationship between competition and
innovation. When the level of competition is low, the incumbents enjoy high profits and do not
have incentives to innovate. An increase in competition is expected to have a positive impact on
innovation. When the level of competition is high, a further increase in competition is expected
to have a negative impact on innovation, as the rewards to innovation diminish.®> The solar PV
sector, with a high degree of trade openness, homogeneous products, and a high entry, is a highly
competitive sector. Through the lenses of the inverted U-shaped relationship, we would expect
an increase in competition to be detrimental to innovation in the solar PV sector. Other papers
study the impact of increased Chinese competition on innovation in manufacturing and other
industrial sectors using firm-level data (Autor et al., 2020; Bloom et al., 2016; Campbell & Mau,
2021) and find mixed results. Our paper contributes to this literature by shedding more light on
the empirical relationship between competition and innovation in the solar PV sector. Studying
non-Chinese firms patenting in solar photovoltaic technologies, we find that exposure to Chinese
competition negatively affects firms’ patenting activity.

Secondly, the paper directly relates to the literature studying the impact of firm-level subsidies
by the Chinese government. Boeing (2016) finds that Chinese government subsidies are typically
directed toward firms recipients of other government grants, with high-quality patents, and with
a minority state ownership. Banares-Sanchez et al. (2023) study the impact of Chinese subsidies
to the solar PV sector on local outcomes. The authors find that production and innovation
subsidies both have a strong positive impact on firms’ innovation and production in the regions
where the policies are implemented, as well as on the number of firms. This paper contributes to
this literature by studying the impact of Chinese solar subsidies on solar energy adoption, solar

innovation, and emissions reduction in China as well as in the rest of the world.

3When the level of competition is high, a further increase in competition increases innovation, as it decreases
the incumbents’ profits pushing them to innovate to escape the competition. When competition is high, the
economy is composed of incumbents who enjoy moderately low profits and laggards. A further increase in
competition is expected to have a negative impact on innovation, as it decreases incumbents profits as well as the
reward for laggards in case they are successful at innovating.



Juhész et al. (2022) uses a text based approach to measure the changing importance of
industrial policies over time, and the key features of such policies. The authors find an increasing
trend in the use of industrial policy. The number of implemented industrial policies doubled
through the 2010s, which highlights the importance of understanding the overall implications
of such policies. The most frequent measure of industrial policies is composed of subsidies and
export promotion measures, targeted to individual firms, which are key characteristics of the
Chinese industrial policies we study in this paper. Lane (2020) reviews the empirical evidence
on the effects of industrial policy. The paper highlights that empirical studies typically focus on
evaluating the impact of industrial policies on investment, employment, and productivity of the
treated industry, but lack the instruments to evaluate the overall welfare effects of such policies,
which we aim to evaluate in this project.

Finally, our paper is part of a growing literature studying the impact of industrial and trade
policies in green sectors (Allcott et al., 2024; Barwick et al., 2025; Bollinger et al., 2024; Houde
& Wang, 2023). Many governments have introduced duties and tariffs to protect domestic firms
in these industries from the increased Chinese competition driven by the Chinese government’s
public support. Bollinger et al. (2024) and Houde and Wang (2023) find that the US tariffs on
Chinese solar PV products increased modestly US solar PV production, reduced substantially
solar PV adoption, and had a negative impact on the environment and on consumer surplus.
Allcott et al. (2024) evaluates the short-run effects of the EV tax credits and domestic require-
ments of the US Inflation Reduction Act. They find that domestic firms and the environment
benefit from the policies, at the expense of foreign producers. The novelty of our paper is an-
alyzing the impact of industrial and trade policy, taking into account its effects on domestic as
well as foreign firms’ incentives to innovate, which is particularly important when evaluating the
long-term impact of policies.

The rest of the paper is organized as follows. The coming section describes the empirical
strategy and the key findings on the impact of increased Chinese competition on solar innovation
outside of China. Section 3 presents the open economy growth model with endogenous innovation
in solar energy technologies. Sections 4 and 5 describe, respectively, the decentralized model
equilibrium and analytical results on the key mechanisms through which a subsidy affects the
economy. Section 6 discusses the model simulations to evaluate the impact of the Chinese
subsidies on solar innovation, emissions, and output. Finally, Section 7 concludes and lays out

the next steps of the project.

2 The Increase in Chinese Competition and Solar Innovation in
the Rest of the World

The Chinese government has implemented several policies to promote the development of the
solar PV sector. The first policies were introduced in 2006 and consisted of subsidies to the

production and innovation of firms in the solar PV sector (Banares-Sanchez et al., 2023). The



production subsidies decreased investment costs or labor costs for producing firms. These policies
decreased production costs for Chinese firms, allowing them to charge lower prices. The policies
decreased the price of Chinese solar panels relative to solar panels manufactured in other coun-
tries, therefore making Chinese firms more competitive. This increase in Chinese competitiveness
is reflected in the share of global solar cells produced in China, which started at approximately
5% in 2005 and reached 60% by 2012. The increase in Chinese competitiveness is expected
to harm the profitability of firms manufacturing solar panels in the rest of the world and, in
turn, their incentives to innovate. In this section, we investigate the impact of increased Chinese

competition in the solar PV manufacturing sector on solar innovation in the rest of the world.

2.1 Empirical Strategy

The major solar PV producers are exporters, and firms generally sell their products both do-
mestically and to multiple foreign markets. Firms differ in their market exposure, that is, in
the share of sales they realize in a given country, because of, e.g., trade barriers, heterogeneous
customer tastes, or government policies to promote domestic producers. Given the differences
in market exposure, firms are not equally affected by increased Chinese competition. The firms
selling to markets where China has a higher market share will be more affected by an increase in
Chinese competition, than the firms selling to markets where China has a low market share. In
our empirical strategy, we study whether, as Chinese policies are introduced and Chinese com-
petitiveness increases, the innovation of firms more exposed to Chinese competition decreases
relative to the innovation of firms less exposed to Chinese competition.

Due to data limitations, we do not observe market shares at the firm level. We use patents
shares as a proxy for market shares. We assess the significance of the various markets in which
a firm operates by analyzing its history of patent filings, employing a methodology inspired by
Aghion et al. (2016). A patent provides its owner the exclusive rights to commercially use an
innovation within a particular country for a defined time. Inventors are required to file a patent in
every country where they want to protect their invention. The process of patenting is expensive;
it necessitates the hiring of legal experts, possibly translators, and the payment of filing fees.
Consequently, firms only pursue patent protection in countries where they perceive substantial
market potential for their technology. Indeed, empirical evidence suggests that inventors do
not patent widely and indiscriminately, with the average invention being patented in only two
countries (Dechezleprétre et al., 2011). Coelli et al. (2022) use firm-level exports and patents
data, respectively, from the EFIGE survey and PATSTAT, providing evidence that patent shares
in the period 19982008 serve as a good proxy for expected market shares in 2008. *

Using patent data, we build a measure of exposure to Chinese competition for every firm.

We compute this measure using patent data from the period before the introduction of the

4Using a representative panel of 15,000 manufacturing firms from 7 European countries, they find that regress-
ing patent weights from the period 1998-2008 on sales weights in 2008 gives a coefficient of 0.89 with a standard
error of 0.008. These results confirm that patent shares are a good proxy of expected future market shares.



policies to ensure that this measure is not affected by the policies.® Chinese subsidy policies are
introduced at the prefecture-level city (admin2) level. The first policies appear in 2007, when
3 cities implemented subsidies.® The number of cities adopting policies increases steadily until
2015, after which it stabilizes at around 40 (Banares-Sanchez et al., 2023). For the construction
of firm-level weights, we consider the years 2000-2009 as pre-policy period. Given the large
growth of the solar sector between 2005 and 2009, including more years in the construction of
firm-level weights, allows us to have a larger sample size. For every patent of a given firm, we
keep track of two locations: the country of the firm owning the patent and the country of the
application authority where the owner/firm has applied for patent protection.

First, we build a measure of the importance of market (country) n for firm i:”

; #Patentsn i 2000-2000 * GD P23

Wy, = :
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(1)

The measure is given by the number of patents that firm i has applied for in country n, divided
by the total number of patents that firm i has applied for in all countries. Similarly, we build
the measure of the importance of market (country) n for China as a whole, which is given by the
number of patents Chinese firms have applied for patent protection in country n, divided by the

total number of patents by Chinese firms.
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In order to build a measure of the exposure of firm i to Chinese competition, we sum the
importance of market n for firm i across all countries n in which firm i is patenting, multiplied

by the importance of market n for China.

Chinese exposure; = E W;L ,wghina 3)
n

The Chinese exposure measure is higher for firms that have high market shares in countries
that are important export markets for China, where we use patent shares as a proxy to measure
the importance of different markets. We are interested in studying the impact of Chinese com-
petition on foreign firm innovation. Sales to China could be directly affected by other channels
than the competition channel we are interested in, so we exclude n = China from our measures

w! and w&™me In addition, Chinese firms patent disproportionally in China, so including China

5If firms more exposed to Chinese competition are more negatively impacted by the policies, they will tend
to decrease patenting, especially in the markets where they face high Chinese competition. If we measure the
market shares using post-policies years, the exposure measure will be biased downward for those initially exposed
firms.

5The number of cities implementing subsidy policies by 2009 is 6, by 2011 is 11, by 2015 is 36, and by 2019
is 40.

"As Hemous et al. (forthcoming) in a similar exercise, we adjust for country-size through the term GDPJ-35.
The coefficient 0.35 reflects the elasticity of firms’ exports with respect to market size from Eaton et al. (2011).
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in our measure would make the Chinese vector close to a China dummy. A China dummy would
capture the impact of having a relatively high market share in China on foreign firms’s patenting
activity. This is not what we are interested in, especially given that for most innovative foreign
firms, China is not a particularly important export market®. By excluding n = China, we focus
on studying the importance of different foreign markets for China, and how this correlates with
foreign firms’ market exposures.

In the main specification, we study the impact of being exposed to Chinese competition on firms’

patents by using a Poisson regression to account for the fact that patents are a count variable.
E(Solar_Patents;t) = exp (Bo + P14t - 0 - Chinese_exposure; + c; + V) (4)

The independent variable Solar patents; is the number of patents in solar photovoltaic energy
technologies of RoW firm ¢ in year t. The Chinese exposure measure is interacted with a time
dummy ¢, to study how the impact of being exposed to Chinese competition on firms’ patenting
activity changes over time with the rise of China as a solar PV producer. «; denotes a firm fixed

effect and ~; is a year fixed effect that captures trends affecting all solar innovators equally.

2.2 Data

We focus the analysis on the universe of firms patenting in solar photovoltaic energy technologies.
We select all firms that have at least one patent in the Y02E10/5 CPC class (solar photovoltaic
energy). To identify firms, we use Orbis Intellectual Property, which matches global patent
data to the companies in Orbis. We use PATSTAT to obtain additional information on patents.
Technically, our measure Solar Patents; corresponds to the number of patent families in solar
PV by firm ¢ with a first application in year ¢ — patent families group together patent applications
corresponding to the same invention.? As our measure of Chinese exposure is built using patent
data in the years 2000-2009, our dataset is restricted to firms with at least one patent in the
Y02E10/5 CPC class between 2000 and 2009.

Table 1 provides summary statistics on total solar patent counts at the firm level in our period
of analysis. On average a firm applies for patent protection for 8.63 patents between 2000 and
2019. Table 2 provides summary statistics on the firms’ country weights, w?’. The left column
of panel A reports the average weights for the first, second, and third largest country weights
for a firm. On average, the weight for the largest country n for a firm ¢ is 0.26. This means
that, on average, 26% of the patent applications of a firm are filled in the country in which this

firm applies the most. On average, the weights for the second and third largest countries are

8Foreign firms have applied for protection in China for only 6% of their patents, which suggests the most
relevant markets for foreign innovative firms is outside of China.

9We use the INPADOC family defined by the European Patent Office (EPO) in PATSTAT. A family groups
together all patent documents (for instance from different patent offices) that are linked directly or indirectly by
a priority claim.
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respectively 0.18 and 0.16. The right column of panel A reports the three countries with the
largest average weight across all firms, with their respective average weights. Panel B instead
reports the value of the Herfindahl-Hirschman Index (HHI) of the firm-level country weights.
The mean HHI is 0.66. At least half of the firms have an HHI of 1, meaning they patent in only
one country n, which is associated with w? =1. At least one quarter of firms have an HHI smaller
than or equal to 0.25, meaning their patenting activity is not concentrated in one country but

in multiple countries. Finally, figure 3 shows the importance of different markets (countries)

China

N . The three countries where Chinese firms

for China measured by patent shares, that is w
apply for the largest number of patents (outside of China) are, in order of importance, the US,
Japan, and Germany. There is substantial variation in this measure, which suggests that not
all foreign markets are equally important for China. Foreign firms that are selling (and filling
out patent claims) in countries where wS” is high (i.e., Japan, the US, and Germany) will
be more affected by an increase in Chinese competition, than the firms selling in Austria and
Switzerland, or in countries where the Chinese market share is null, not displayed in the figure.

We leverage these variations to carry out our empirical analysis.

Table 1: Summary Statistics of firm-level variables

Patents Count Chinese Exposure

mean 8.63 0.36
std 44.74 0.20
25% 1.00 0.20
50% 2.00 0.34
5% 4.00 0.49
count 5774.00 5774.00

Notes: This table reports summary statistics for the total number
of solar patents (patents count) applied for by firms in our sample in
the whole period of analysis (2000-2019) and the firm-level Chinese
exposure measure. Our sample is composed of firms with at least one
patent in the weights construction period 2000-2009. Solar patents
are defined with the YO2E10/5 CPC code.

2.3 Main Results

Column (1) in table 3 shows the main results of the empirical analysis. The table reports the
coefficients (51; on the interaction terms between the Chinese exposure measure and the time
dummies. In the interest of space, this table only reports the coefficients of the interaction term
after 2008. The earlier coefficients can be found in the Appendix table 5. We find a statistically
significant negative impact of being exposed to Chinese competition on solar patents in 2009,
2011, and from 2013 onwards at the 5% significance level. Figure 4 reports the transformed

coefficients (8%,)!° which are easier to interpret. An increase in the Chinese exposure measure

10All coefficient of the Poisson regression are transformed using 87, = exp(AChinese exposure; * Biz) — 1.
The transformed coeflicient displays the percentage change in patents count for a change AChinese exposure;
in the Chinese exposure measure.
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Table 2: Summary statistics of firms’ country weights

Panel B: HHI
Panel A: Average weights of the three largest markets

HHI

Country Average weight Country Average weight mean 0.66
First largest 0.26  United States 0.24 std 0.38
Second largest 0.18 South Korea 0.18 25% 0.25
Third largest 0.16 Japan 0.18 50% 1.00
5% 1.00

count 5774.00

Notes: This panel

reports statistics on the
: fi ’ t ight:

Notes: This panel reports statistics on the firms’ country weights, w,, as defined in equation (1). It Ems coun ry- wels . S
. s n . w! , as defined in equation

reports the average weight of the firms’ three largest markets (the average is computed among firms 171’ P . B
patenting in at least three countries), and the average weight of the three countries with the largest 1). aner B reports
average weights across all firms (United States, South Korea, and Japan). summary  statistics on
the Herfindahl-Hirschman
Index (HHI) of  the
firm-level country weights.

Figure 3. Chinese weights
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Notes: This figure reports the importance of a country n for China, that is, w5 as defined in equation (2), for

the most important countries (excluding China). This importance is measured as the number of Chinese patents
applied for in a country, divided by the total number of Chinese patents.

by 1 standard deviation decreases the expected patent count in 2013 by 25%, relative to the
expected patent count in 2007. The magnitude of the effect is increasing over time, with the
largest effects found in the most recent years. In 2017 and 2018, a 1 standard deviation increase
in Chinese competition exposure decreased foreign firms’ patenting activity by 46% and 50%,
respectively, relative to patenting activity in 2007.

One might rightly wonder why the negative effect of Chinese competition is continuously
significant only from 2013 onward, when the first policies that increased Chinese competitiveness
were introduced in 2007. First, Chinese subsidy policies were initially introduced in 2007, but

the number of implemented policies has steadily increased up to 2015 (Banares-Sanchez et al.,
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2023), and developing an industry almost from scratch takes some time. Second, Chinese compe-
tition should affect firms’ R&D, which in turn affects patent applications with a delay (previous
studies, such as Aghion et al. (2016) point toward a delay of 2-3 years). Therefore, the results
are consistent with a negative impact of the policy-driven increase in Chinese competition on
the long-term innovation of firms in the rest of the world. However, they also point out that the
rise of China on its own is unlikely to be the sole driver of the decline in solar patenting in the
RoW highlighted by Figure 2a, especially for the early years of the decline. Other factors such
as the rise of shale gas, as highlighted by Acemoglu et al. (2023), played a significant role.

Figure 4. Impact of Chinese Exposure on Solar Innovation

40% ' ‘
95% CI
— ChineseExp
20% 14:13%
)
T 36% 0.00%
:8 0% -2.66% 204 -4 87%_460 .
& -S-E%Z \_'NZ% 0.29% 4 hows
8 s <16.06%
3 - 1'96)0/ \: 409
3 -20% = SR
2
< 7.46%
0% i
"\'. 5
-60%
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Notes: This figure shows the main coefficient of interest, 31, for the regression in equation 4 with a 95% confidence
interval. The coefficient is transformed using A%, = exp(AChinese _exposure; * 1) — 1. The transformed
coefficient displays the percentage change in patents count for a 1 standard deviation change in the Chinese
exposure measure. The number of firms in the regression is 5774. The standard deviation of the Chinese exposure
variable is 0.2.

2.4 Robustness exercises

We perform a series of robustness exercises. First, we investigate whether the results are robust
to focusing on high quality patents. We use two measures of high quality patents. We first
restrict the attention to biadic patents, which are patents for which the owner has applied for
patent protection in at least two application authorities, which is considered a sign of a high-
quality innovation (Aghion et al., 2016). Secondly, we restrict the attention to patents with at
least one non-self citation. In both cases the coefficients show the same sign. As columns (3)-(4)
of Table 3 show, results are still negative and statistically significant starting from 2014 in both

specifications. The results in the biadic-only specification are significant only at the 10% level,
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Table 3: Impact of Chinese Exposure on Solar Patents Counts

(1) (2) 3) (4) (5)
Baseline At Least 1 Biadic Biadic Non-Self Citation Country FEs
chinese exp 2008 -0.4740 -0.1076 0.2836 -0.3902 -0.0077
(0.2764) (0.3394) (0.4096) (0.2771) (0.2828)
chinese _exp 2009 -1.2577*** -0.9758"* 0.2196 -0.9820** -0.3925
(0.3045) (0.4164) (0.4262) (0.3006) (0.3231)
chinese _exp 2010 -0.5510 -0.9425* 0.9931* -0.5958 0.0905
(0.3258) (0.4523) (0.4460) (0.3092) (0.3689)
chinese _exp 2011  -0.8884"* -1.6586™"* 0.0208 -0.9862"* -0.1263
(0.3409) (0.4721) (0.5077) (0.3330) (0.3896)
chinese exp 2012 -0.6715 -1.5168** 0.4707 -0.6676 -0.2873
(0.3610) (0.4924) (0.5557) (0.3575) (0.4202)
chinese _exp 2013 -1.4862"** -2.3526™** -0.4901 -1.3664*** -0.8254
(0.3956) (0.5516) (0.6670) (0.3970) (0.5116)
chinese exp 2014 -1.5437"** -2.5276™** -1.9711** -1.5927*** -1.0358
(0.3821) (0.5233) (0.6789) (0.3944) (0.5360)
chinese_exp 2015 -1.6336""* -2.6080™** -1.4874" -1.5305"** -1.5315™*
(0.4451) (0.6132) (0.7194) (0.4465) (0.5355)
chinese_exp 2016 -1.7957"** -2.8037*** -1.5451" -1.6843*** -1.4844"
(0.4437) (0.6144) (0.6854) (0.4748) (0.6026)
chinese _exp 2017 -2.3809"** -3.6287"** -2.2346*" -2.5292** -1.5606"
(0.4727) (0.6547) (0.6942) (0.5276) (0.6339)
chinese exp 2018 -3.1544*** -4.2903*** -2.0481* -2.9734* -2.3567""
(0.5428) (0.7666) (0.8536) (0.6154) (0.7491)
chinese exp 2019 -3.5673"** -4.8435"** -1.9865 -3.3583™"* -3.1489™*
(0.5898) (0.8367) (0.9250) (0.7223) (0.7500)
Observations 115480 61300 61300 109440 99054
Unique Firms 5774 3065 3065 5472 5100
Firm FEs Yes Yes Yes Yes Yes
Year FEs Yes Yes Yes Yes No
Country-Year FEs No No No No Yes

Standard errors clustered at the firm level
* p<0.05, " p<0.01, ™ p<0.001

Notes: Standard errors in parentheses: * p<.1, ** p<.05, ***p<.01. Standard errors are clustered at the firm
level. This table shows the coefficients estimated with a Poisson Regression of the main specification, which
is given by equation 4. Chinese exposure (year) represents the interaction term between the Chinese exposure
measure, which varies at the firm level, and the year dummy for the given year.
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which is likely related to the smaller sample size. Given not all firms have biadic patents, the
number of firms drops in this specification from 5774 to 3065. Column (5) of Table 3 reports
an additional specification where we include country-year fixed effects, in order to test whether
our results are driven by a specific country. One might be concerned the Chinese industrial
policies happen at the same time as the introduction (or the phase out) of other renewable
energy incentives in a specific country in our sample. If that is the case, firms from such country
might change their innovation investments reacting to the domestic policies in a way that would
be correlated with the increase in Chinese competition. In column (5), the impact of domestic
policies is captured by country-year fixed effects. Results remain statistically significant at the
10 and 5% level from 2015.

3 An Open Economy Growth Model with Trade and Innovation

in Solar Energy Technologies

Our empirical analysis, jointly with our stylized facts on solar panel costs, have highlighted
that several counteracting forces have affected the development of the global solar PV industry
following the introduction of the Chinese industrial policies. To assess their overall effect on
emissions and welfare, we need a comprehensive framework that rationalizes these mechanisms
and can be quantified. We therefore build an open economy growth model with endogenous
innovation in solar energy technologies, which we describe in this section. Two countries trade in
intermediate inputs for solar energy production and final good production. The first subsection
describes the household preferences and the climate cycle. The following subsections describe, in

11

turn, output and energy production,”* innovation in solar and non-solar technologies, and finally,

the economy resource constraints.

3.1 Preferences, Final Good Production, and the Climate Cycle

The economy is composed of two regions indexed by n: China and the rest of the world (n =
{e,r}). The structure of preferences, emissions, production and innovation is symmetric across
regions. Time is discrete, and each region is populated by an immobile representative household
of fixed size L,. The representative household is composed of production workers and scientists.

Its utility is given by

B 1-9
1o = 3" 5t (L= DS
t=0

(3 is the rate of time preference. (1—D(S;))Chy is consumption in region n, net of climate damage

(see below). ¥ is the inverse elasticity of intertemporal substitution.

11 oy .. . .. . .
For comparability across electricity sources, we will focus on energy used for electricity generation in our
calibration.
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The final good in region n is produced using production inputs and energy, which are com-
bined with an elasticity of substitution ¢ < 1:
F. N N = A=
Yot = ((1 - a)w(ant +Ynct) v+ aw( n nt) ¥ )
Production inputs from region ¢, Y2, or from region r, Y,2 ., are perfect substitutes in the final
good production of region n. They are traded with no trade costs. Energy is purchased on the
domestic market only. The production inputs are produced using labor and the final good as an

input:12

P Yinputp
YVl = Al (-

1—v
v 1—1/)

where the technology A?, evolves exogenously.

The use of non-solar energy generates GHG emissions affecting the climate cycle. As it is
common in the macro-climate literature, deterioration of the climate results in output damages,
D(S;), which measures the fraction of consumed output lost due to climate change.!® S, is the

carbon concentration in the atmosphere. Damages take the exponential form (1 — D(S;)) =

e~(5:=5) The climate cycle and the damage function are the same as in Golosov et al. (2014):

t+T

Si= S+ 3 (61 + (1 — 6r)do(1 — @) )il Y1,
s=0

The economy starts at ¢ = —7T, which is the time of industrialization. S is carbon concentration in
the pre-industrial time. Y;? is non-solar energy used in period ¢ by both countries (Y, = Y4+Y/%).
1l measures the carbon intensity of non-solar energy. A fraction ¢, of carbon emitted stays in
the atmosphere forever. Of the remaining emissions, a share 1 — ¢g exits immediately, and a

share ¢g decays at a geometric rate ¢.

3.1.1 Energy Production

Energy is produced locally using non-solar energy and solar energy, which are combined with an

elasticity & > 1.
¢

i £-1 1 g-1\ &1
d S - S -
nt = <a§(Ynt) € 4ai(Yy)© )

2The production input is effectively produced by aggregating a continuum of mass 1 of domestic inter-
mediate inputs that are produced by combining labor and the final good in a Cobb-Douglas manner (y,; =

X p,i inputp,i

a;t(l"Tt)"(Y"l_y )!7¥). These intermediate inputs are aggregated through a CES with elasticity o, and their

producers are monopolistically competitive. Therefore, they charge a markup —Z; over their marginal cost.
13To focus on the effect of emissions on welfare, and avoid feedback effects on productivity, we assume that

emissions only affect the household consumption, and not the final good used as an input in production.
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Non-solar energy is produced by aggregating labor and the final good as an intermediate input,

v inpu 1-v
— Ad th Yntp e
"t v 1—v

The non-solar energy technology level Agt evolves endogenously through innovation (see below).

according to:

We assume that the non-solar energy sector is imperfectly competitive. In particular, firms
charge a markup %5 over the marginal cost. 14
Solar energy is produced with a continuum of intermediate inputs indexed by the letter i,

with an elasticity of substitution o > 1:

M. 1 a1
ert = |:/ (xnct> c dZ -+ / (xm"t) 7 dZ:|
0 M.

Intermediates, ¢, 2%, are tradable goods, and each intermediate is produced by only one firm

nct?
located in one of the two regions. Every region is specialized in producing a set of intermediates.
The intermediates indexed by i € [0, M,] are produced in China, while intermediates indexed by
i € (M., 1] are produced in the rest of the world (RoW).!® In what follows we use M, to define
the mass of solar intermediate inputs produced in the rest of the world (i.e. M, =1 — M,).
Solar intermediates are subject to iceberg trade costs. T, are trade costs to ship goods from
China to region n, and similarly 7,, are trade costs between the RoW and region n. Trade
costs are zero to ship within a region, and positive to ship to another region (i.e., 7. = 7 = 1,
Ter > 1,7p¢ > 1). Trade costs take the iceberg form: given i € [0, M,], if firm i produces v’

units of the intermediate good in China to ship to region n, y’wt units will arrive to region

nct
n to be used for solar energy production.
A firm produces the intermediate input g, by aggregating labor and the final good as an

intermediate input, with a productivity level quf:

sha = iy (B
v 1—-v
y!, is the quantity of intermediate good i produced for both regions ¢ and r (yi, = vy, + Y.
where n is the country where firm ¢ is located). Finally, we introduce industrial policies through
a production cost subsidy s,;. In our main counterfactual analysis, only China subsidizes the
solar industry, so that s,; = 0 V¢. Therefore, if the firm producing intermediate input ! is
located in China, it pays a per unit cost of production % If the firm is located in the

et

RoW, it pays a per unit production cost equal to ﬂ.lﬁ

rt

“Implicitly, we assume that non-solar energy inputs are produced by combining a continuum of domestic
intermediates that are imperfect substitutes with energy o, similarly to the production input.

15\We are currently working on an extension that endogenizes M, through entry and exit, and that includes
multi-national firms.

16We also allow for time-varying tax credits and demand subsidies in both regions, that we model through a
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3.1.2 Innovation

Every period and in each region, solar and non-solar intermediate input producers hire scientists
to improve their current machines. Successful scientists improve the quality of their intermediate
input technology by a factor /\fl, for f = s,d. If they are not successful, the current (non-
improved) technology is used to produce. Producer ¢ decides how many scientists (Ri; for f =
5,d)'7 to hire. The solar technology level in region n, Q$,, is defined as the aggregate quality

level of intermediate inputs produced in the given region.

M, 1
I\O— .\ o—1
= (] ara)
0
1 , 1
b= ([ )T
M.
The non-solar technology is defined similarly:

1 _1
= ([ i)

We define the following aggregates that will capture knowledge spillovers. First, because

we are modeling an open economy model, we consider cross-regional knowledge spillovers. In

particular,
(Qs,spill)(afl) _ <(Q5Lt)a_1>c( S )(071)(170
nt Mn world,t
(ALY — (4d)eDE (AL, )OO

Where Q0,14 = ((Q2)7 "+ ( fwt)a_l)ﬁ and A7 1y, = ((A%)7" + (Agt)a_l)ﬁ~ There are
local knowledge spillovers, which means spillovers across intermediates in the same region, as well
as global spillovers, that is across intermediates in different regions. The larger is (, the more
important are local spillovers relative to global spillovers. Secondly, we allow for cross-technology

knowledge spillovers, parametrized by 1 >« > 0. In particular, we define

1
Afl,tspzll _ ((Ai,tspzll)(afl) + (Qi,tspzll)(a'fl)) o—1

Ps

subsidy sh; on the aggregate solar price p;,;.

17R{t should be interpreted in units of human capital employed. The total mass of scientists has N, units of
human capital at disposal.
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This yields the following total knowledge spillover term for each sector respectively:

((QZ’?T?)”(AZ”ZTQI)“”)“H)

S
it

d
Ajr

spi e,spt — (o-1)
((Aii A ”)

A high value of v lowers the spillovers across solar and non-solar technologies.

Taken together, this means that Rth scientists in region n have a probability of success of

) (A

s (B ) ((Q"’H

(0—1)
o > if they work on a solar (f = s) machine i € M,,, while
nt—1
(Ad spzll) (Ae,spill)ﬂf—y) (U 1)
they will succeed with probability nn(Rn )1 Kn ( R e > if they work on a

Apt_1

non-solar machine (f = d). nnt, for f = s,d is research productivity. szt is the amount of human
capital of scientists directing their research to intermediate ¢, and x, < 1 is a stepping-on-the-toe
externality, which parametrizes the elasticity of R&D with respect to its costs. The last term
captures the knowledge spillovers. Finally, because Chinese solar industrial policies include sub-
sidies to R&D (Banares-Sanchez et al., 2023), we include a research subsidy s&P that reduces

the wages paid to scientists working on a solar intermediate input.

The law of motion of individual solar and non-solar intermediate input technology are the

following:
s,8pi. e,spi _ (0'—1)
+MDg ., w 1ry, Q5P (AR
& (1+X%)g% ,  with prob. n3 (RS < 1 qufflt :
nt — s,spill e,spilly(1— (o—1)
: W 1oy, [ @) (AE NEm?
qfltl,l ith prob. 1 — ns (RS ’) K ( t—1 qu_f 1
( d divi— (Ad spzll),y(Ae spzll)(l ) (0'—1) (5)
A with prob. Ry, Kn :
and ! ) e ’ i) < @i (o ))
" d,spill e,spill —1
' w Abspillyy (g & spilly (1)
a®' | with prob. 1 — nd(R%!)1=rn (( 1) (dl ) )
) nt 1

3.2 Budget, Resource, and Labor Constraints

Labor market clearing implies that in each region, the L, workers must be allocated across

production of the final good (L2,), the non-solar energy input (L%,), or the solar intermediates

(L))
P+ L+ L3, =L,
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The economy resource constraint requires that the national output equals the sum of household

consumption and of the solar and non-solar sector demand for the final good.
Cnt + Yé?pUts + Y;;Lputd + Yyi?pUtp = Ynt

Where YyigPte = [M"ymeuteigp and viir = [Ly#ruiig; for k = p,d. The household
receives labor income from workers and profits from the firms producing the solar and non-solar
intermediates. It consumes and finances the subsidies through a lump-sum tax T,;. Therefore,

the following budget constraint must be satisfied in each region:
My ) 1 di 1 :
PrtCrt + Tnp = wne(LP, + L%, + L2,) + / o di + / o di + / b di
0 0 0

Where Tyt = Spt (wntLﬁt + P Y,P “ts) + sEPwE RS, + sPaps V.5, is a lump-sum tax imposed on
the representative household to finance the subsidies to solar intermediate inputs costs, solar
prices and to the solar R&D sector. In our main counterfactual analysis, only China uses R&D
and production subsidies. Therefore, T, = st ps, V5.

Finally, the trade balance states that imports must equal exports for both regions.
Mc . . 1 . .
PretYrer + /0 PretTradi = Py Yeny + /M PertTerydi

4 Decentralized Equilibrium

This section characterizes the decentralized equilibrium of our model. More details and additional
proofs are provided in appendix B.1. In the next section, we discuss some analytical results on

the key mechanisms through which a subsidy affects the economy.

4.1 Optimal Choices of the Final Good Producer, Energy Producers, and
Intermediate Input Producers

As our model doesn’t include savings, the household is hand-to-mouth and the budget constraint

determines the demand for the final good.

The production inputs from China and the RoW are perfect substitutes in the final good
production of region n. If the price of the production inputs is lower in one of the two regions, the
final good producer would buy the production input only in this region. At an interior solution
where both regions produce the production inputs, their prices are equalized across regions.
Therefore, the demand for the production inputs by the final good producer is determined by
the following FOC.

1
1 Yo »
n p”lt( ) <Y1frt + erct)
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where pP, is the price of the production input in region n, and py; is the price of the final good

in region n. The demand for energy in region n is determined by the following FOC.

(BS)Y Y )

Dt = pmozw <
" Yo

where p¢, is the energy price in region n. The producers of the production input intermediates
are monopolistically competitive. Therefore, they charge a markup ~%5 over their marginal cost.

This results in the following unit cost for the aggregate production input:

o wlpl?
met — nt’nt
"o o—-1 AP
The aggregate production inputs are perfectly substitutable across regions. Therefore, they are
perfectly competitive and price at marginal cost (p2, = mcl,), and the production input prices
are equalized across regions (p?, = pf,). We normalize it to 1, which pins down the wage and final

good price Cobb-Douglas aggregate in both regions to the technology A”,: =I5 ntpnt = AP,

Non-solar energy producers charge a markup —Z; over their marginal cost. Therefore, the

price of non-solar energy is

1—v P
g wntp Fntnt Ant

1 Ad T Ad
oc—1 A%, AL,

d _
Pnt =

The energy producer’s optimal choices of non-solar and solar energy inputs are determined

by the following expressions.

1
1Y, LY\ €
Pl = ptaf (YZ> and (1 - sb,)p, = pyo (Y"S>

nt

ey

The solar producer in n decides how many inputs to buy from firms in the two regions.

!

Me 1
maX 10711vaS / pjzctl'?rzctdi_/ pf;w‘txzzrtdi
nct? nrt 0 Me

Pl (Ph,e) is the price that a firm i located in region ¢ (r) charges when selling to the solar
energy producer located in region n. The solar energy producer demands the following quantities

respectively from the firms in ¢ and in 7:

nct

. S
2y = (22)7Ys for i € [0, MY
p

nct

i S
T = (22L)7YS, for i € (M 1]
nrt

Firm ¢ located in region z = ¢, r chooses its input demand from cost minimization. The Cobb-
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Douglas aggregate yields the usual marginal cost ¢,y = (1 — s.¢)w’pl;”. The firm then takes

into account the demand x¢ _, from the solar producer in region n, and sets the price p¢ , that

maximizes its profits.

% S
i€z __ 1 i v 1-vYnzt 7 . Pnt \ov s
H%aX Tt = PnztTnzt — (1 - SZt)wztpzt 5,0 s.t. Tzt = ( 7 ) Ynt
Pzt 2t nzt
v 1=v D
, o wY,p A
7 _ 2t 2t _
= Dot = 1 (1 —52t) 51 Inz — (1 —52t) 5.4 nz
O- _ b q k)
zt zt

The firm sets a price at a constant markup over marginal costs, taking the trade costs into
account, to maximize its profits. By reducing the marginal costs, subsidies have a direct impact
on solar intermediate prices. pfftz is the effective price paid by the solar producer in n, i.e., the
price paid per unit of intermediate input consumed in n. If firm ¢ is located in region z # n, it
takes into account that if it produces y¢,, only 2, = % will arrive in region n. In our baseline
counterfactual, s,y = 0. Therefore, even if two firms located in China and the RoW had the
same technology and wages were the same in the two regions, the price of the solar intermediate

input produced in China will be lower thanks to the positive subsidies.

4.2 Optimal Innovation Choice

We suppose that intermediate input producers are myopic. Therefore, they only consider the
one-period profits when taking their innovation decision.'® This means that a solar intermediate

firm ¢ located in region n decides how many researchers to hire to maximize:

8,8pilly~y Ae,spill
vt [ (@uis1) (AT
max 1, (Ryy) " < - e
Ry Api—1

ya-n\ ,
) T (1 + )‘;)qz;tl—l)
nt
S,8pi e,spi _ (o-1)
)1—H" <(Qn7,tpl1l)’y(An’,tplll)(1 k > 7'(‘i

+ | 1= (R

nt

qs,i nt(qu’tZ—l)
nt—1

RD\, R K
- (1 — Snt )wntstltl

And similarly for a non-solar intermediate firm. Scientists are paid their outside option, which
is the expected marginal profits of working in the other sector. Therefore, the firm’s scientists
hiring decision is characterized by comparing the expected marginal profits in the two sectors.
This gives the following optimal choice (the proof can be found appendix B.3):
Ryl _ Rsy _ [ m((L+ X5)7 ! — 1) (Qf;ﬁ“ﬁ ) ) V) 7 52 Vi) 7 5
Ri’; R(riw (1 —sp)7 (1 - 55151))77%((1 +Ad)ot —1) Ai’jp_”ll (Pit)ayrflt

(6)

18This generates the standard innovation distortion, because the firn doesn’t fully internalize the returns from
their innovation.

23



wa’ does not depend on ¢, which means that the same number of researchers will be hired for
any intermediate ¢ € n. Therefore, we define R); as the mass of researchers hired for any solar
intermediate ¢ in region n, and M,R;, is the total mass of scientists working in solar in a firm

located in region n.

5 Effects of Solar PV Industrial Policies: Analytical Results

This section discusses how Chinese industrial policies, represented by a production and an R&D
subsidies in our model,' affect the different variables and, in particular, global emissions. The
goal of this section is to highlight the different economic mechanisms that are at play following
the implementation of industrial policies, and that can shed light on our empirical findings. The
model doesn’t allow for a closed-form solution for all the analytical results. Therefore, we restrict
our attention to illustrative cases and high-level discussions on the mechanisms at play. We next
turn to a data-driven calibration in section 6 to evaluate the overall effect of the industrial and
trade policies.

Emissions are generated by the use of non-solar energy. Therefore, we need to understand how

non-solar production is affected. We restrict our analysis to an interior solution, so that marginal

v
n

costs are determined by w tp,lzt_” = ”T_lAth. We start by analyzing the effect of the production
subsidy in the next section. We split the total effects into static effects, which maintain the
technologies level constant, and dynamic effects, which follow the changes in solar and non-solar
technologies. Finally, we briefly discuss the effect of the research subsidy in section 5.2. All the

proofs for this section can be found in appendix B.4.

5.1 Production subsidy
5.1.1 Static Effects

As a production subsidy, the direct effect of the policy is to reduce the effective marginal cost of
solar in each region. Indeed, since solar intermediates are tradeable and imperfect substitutes,
both regions benefit from the cost reduction. In contrast, since A?, is exogenous and pins down

the factor prices Cobb-Douglas aggregate given our choice of numeraire, the non-solar marginal

19We focus on industrial policies that only apply to the solar production in one region, to study the reallocation
of production and innovation across regions. In our model, it means subsidies to intermediate input production
(snt) and subsidies to R&D (s£%P). In contrast, solar price subsidies (s”3) benefit both the domestic and the
foreign components and won’t distort the regional allocation.
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cost is not affected by the subsidy.

1
1—s. Ap ,,,Ap 1-0o
China: pit — ((mf)l—a + (M)l—a)

et it
1
rc 1- Se Ap Ap -0
RoW: pf, = <(T(;’)Ct)10+(1s"t)la>
ct rt

AP

Non-solar (both): pf,lLt = TZt
nt

Where %p,ﬂt is the effective marginal cost of solar intermediates in region n. It is straightfor-
ward to see that it directly decreases with s, in both regions, all else equal. Moreover, for a
given level of technology, we can show that p, decreases more than pj,, due to the trade costs.
This is because Chinese solar producers use relatively more of the subsidized inputs, i.e., the
Chinese solar intermediates, because those are not subject to trade costs for them. Therefore,

Chinese terms of trade deteriorate.

From the FOCs of the energy composite profit-maximization problem, we have that
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The static effects on solar and non-solar production can be decomposed into a substitution ef-

fect (through the relative prices) and a scale effect (through Y;,;, since Y4, = a(B%)¥~* (%) v Yor).
As the solar marginal costs decrease, the relative price of solar versus non-solar decreases. There-
fore, the production of the energy composite substitutes away from non-solar and demands more
solar. In parallel, lower marginal costs decrease the total cost of energy production, which scales
up. The static scale effects are determined by the changes in the total available income of the
household, that dictates the change in the demand for the final good, hence total production.
The direction and the relative magnitude of the scale effect depend on several effects. First,
there is a direct demand effect, which is positive since the aggregate price in region n decreases
as solar costs decrease. Secondly, total income is distorted by the subsidy: as the subsidy in-
creases, it increases the distortion, and even more so if the distorted sector (solar) expands as
well. Therefore, total income decreases. Since solar intermediates are traded, the scale effect
depends on the response of the solar sector in both regions. Overall, the scale effect cannot be
characterized in closed-form. In this discussion, we focus the analysis on small subsidies, which
carry the main mechanisms. We use our calibration to discuss the general equilibrium effects for

larger subsidy changes.

Result 1 Suppose that o > £ > 1 > ¢ > 0. At given technology levels and for a small subsidy,

solar production increases with the subsidy in both regions.
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Solar production increases as energy production substitutes away from the non-solar sector to-
ward the solar sector. In the RoW, it is amplified by the scale effect, as the final good demand
increases following the price decrease. In China, the scale effect is however mitigated by the sub-
sidy distortion, that results in inefficiently low production. In particular, if v is not too small?®
- a condition that holds true in our data -, the scale effect is negative. However, providing that
the share of Chinese solar intermediate exports of total output is not too large, a condition that
again, holds true in our date, the substitution effect always dominates the scale effect, and the
effect of the subsidy on Chinese solar output is positive as well. The effect is stronger if v is
smaller and ¢ < 1 is larger. Indeed, a small v implies a higher multiplier effect through the
decrease in the final good price, which serves as an input in production of all sectors with a share
1 — v: this amplifies the positive effect on total output, boosting the scale effect. In contrast,
a small ¢ implies more complementarity between the production input and energy in the final

good production, which mitigates the effect of the solar price decrease on total energy demand.

Result 2 Suppose that ¢ > € > 1 > 1 > 0 and that v is not too small. At given technology

levels, and for a small subsidy, non-solar production decreases with the subsidy in both regions.

In the RoW, the substitution effect and the scale effects go in opposite directions, but the former
dominates if v is not too small.?! Therefore, non-solar production decreases. In China, the two

effects go in the same direction, therefore non-solar production always decrease with the subsidy.

For larger subsidies, the static effect is ambiguous, as input reallocation across distorted
sectors might become of first order for the scale effect. Since this case doesn’t allow for a closed-

form solution, we will turn to the calibration in section 6 to characterize it.

5.1.2 Dynamic Effects

In this section, we let the solar technology in each region be endogenously determined, through
the innovation decision of the local firms. We analyze the effects of the changes in solar tech-

nologies on non-solar production.

d

., also

First, notice that the effects of solar technologies, Q)7,, and non-solar technology, A

205, amplifies the price effect on total output, through roundabout production. Therefore, if v is small, the

multiplier effect is larger as production relies more on the final good. If solar constitutes a large share of production,
which implies that the effect on total price is large, the subsidy could increase total output. Intuitively, this channel
arises because the monopoly distortions imply that the economies are producing too little, meaning that they are
using too little final good in production. The subsidy partially corrects for that distortion by boosting production.
However, since it is only applied to the solar sector, it creates inter-sectoral distortions. The larger the solar sector,
the closer to the efficient correction, which would cover all producing sectors, the subsidy will be.

21Small v would imply large multiplier effect that could result in the scale effect dominating the substitution
effect.
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act through the effective solar and non-solar marginal costs:
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By reducing the solar (non-solar) marginal cost, an increase in any of the solar (non-solar)
technologies decreases (increases) non-solar production, through the same substitution and scale

effects discussed above.

To understand how the solar technologies respond to the subsidy, we need to consider the

innovation decision of the local firms. Recall that
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Firms base their decisions on the expected marginal profits of producing intermediate in-
puts in one sector or the other, should they succeed in improving the current technology. At a
given level of technologies, expected profits depend on the relative price of solar energy, which
determines the (identical) demand for intermediates, and on the change in each intermediate’s
marginal cost. Through the market size effect, the expected solar profits increase if the relative
price of solar energy decreases, since demand increases. Through the direct price effect, expected
solar profits increase if the relative price of solar energy increases. Finally, if intermediate pro-
ducers’ own marginal cost decreases, expected profits increase, reinforcing the market size effect.
We can show that, in the solar sector, the market size effect (reinforced with the direct marginal
cost effect) dominates the price effect in China. Hence, expected solar profits increase if the rel-
ative price decreases. In contrast, in the RoW, the price effect dominates the market size effect,
because the latter is not reinforced by a change in intermediates’ marginal costs. Intuitively,
Chinese (RoW) solar intermediate input producers gain (lose) market share, which increases
(decreases) their expected profits. At the same time, expected non-solar profits decrease in both
region with a relative solar price decrease. Indeed, non-solar demand decreases as the economy
substitute non-solar with solar energy (as £ > 1), while the subsidy doesn’t affect the non-solar

price directly.

Because o > £, RoW solar intermediate input producers are more affected by the competi-
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tion from the Chinese solar intermediate than the non-solar sector under (empirically) reasonable
solar expenditure shares. Therefore, the negative effect on the non-solar sector is smaller, in mag-
nitude, than the negative effect on the solar sector in the RoW: solar innovation effort decreases
on impact, for a given level of technologies. The effect is stronger, the more comparative advan-
tage in solar intermediate input production China has, as the effect on solar is relatively more
important than on non-solar. In contrast, Chinese solar intermediate input producers benefit
from the subsidy while both their solar and non-solar competitors lose market shares. There-
fore, if comparative advantages are not too extreme, Chinese solar innovation effort increases on

impact, for a given level of technologies.

Recall the law of motion of aggregate solar technology:
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For a given level of technologies, a higher innovation effort increases the success rate of
innovation, which in turn, increases the growth rate of technologies. Therefore, as the innovation
effort increases (decreases) in China (in the RoW), the growth rate of solar technologies will
increase (decrease). In turn, this will affect the innovation decision through the effect of solar
technologies on the solar marginal costs, and through the spillovers. The solar prices in both
regions are negatively (positively) affected by the higher (lower) growth rate of solar technology
in China (in the RoW). However, prices are relatively more affected by changes in the domestic
growth rate, since the domestic intermediates are used relatively more as they are not subject to

trade costs.

5.2 R&D subsidy

The effects of the R&D subsidy are more straightforward. They only have a dynamic effect by
changing the innovation decision. By increasing the expected marginal profits of solar innovation
in China, they directly increase the number of scientists hired by the solar intermediate input
sector, taking away scientists from the non-solar sector. On impact, they don’t affect the RoW.
However, as Chinese solar innovation, hence Chinese solar technology, increases, the solar price
decreases in both regions, increasing (decreasing) solar (non-solar) demand. However, it also
makes Chinese solar intermediate input producers more competitive, reallocating market share
away from RoW solar intermediate input producers. In turn, this change in relative prices and

demand, but also on spillovers, will affect the RoW innovation decision in the medium-term.

Overall, isolating these effects sheds light on the different mechanisms that are at play when

an industrial policy is introduced in our global economy. However, the total impact on emissions
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depends on the relative strength of these different effects, both static and dynamic. Therefore,

we now turn to calibrating our model, in order to quantify that total impact.

6 Effects of Solar PV Industrial Policies: Quantitative Results

The quantitative analysis aims to evaluate the overall impact of the Chinese subsidies in the
Solar PV sector on global emissions reduction and welfare. As highlighted by the empirical and
theoretical analysis, the subsidies affect the economy through multiple channels with opposite
effects on emissions and welfare. The subsidies immediately decrease the price of Chinese solar
intermediates, which pushes for larger solar energy adoption in the short run. The larger solar
energy market size pushes for more solar innovation in China in the short run. On the other hand,
solar innovation in the rest of the world decreases, which might result in slower technological
progress and increased emissions in the long run. These are some of the key mechanisms at play.

To quantify which effect prevails, we calibrate the model to key data moments from the US
and Chinese economies and electricity markets. Section 6.1 describes the calibration strategy
and the key data sources. More details are provided in appendix A.2. Section 6.3 presents the
results of the simulations. They should be understood as preliminary, as the calibration is still

work-in-progress.

6.1 Calibration

A model period corresponds to five years. We currently focus on the US as our RoW region,
though we plan to include additional regions in the future. We calibrate our model to match
pre-subsidy (¢ = 2006) relevant empirical moments for the US and China. We start by externally
calibrating some standard parameters following the literature, then target aggregate variables
such as total employment and GDP, and electricity-specific variables such as levelized costs and

output generation in solar and non-solar electricity, to calibrate the key parameters in our model.

6.1.1 Externally Calibrated Parameters

Table 6 in appendix A.2 summarizes the values of the parameters that we calibrate externally.
Our specification of the climate cycle and of preferences closely follows Golosov et al. (2014)
and Acemoglu et al. (2023). Therefore, we use their parameter values, only modified if needed
to accommodate our five-year time period?? and the composition of our non-solar electricity

input. Non-solar electricity is an aggregate of geothermal, gas, coal, nuclear, wind and oil. We

221 particular, we adapt some climate cycle parameters from Acemoglu et al., 2023, itself based on Golosov
et al., 2014’s calibration, to fit the length of our periods. For a period of length #, we use p = (1 + 0.01)1“ -1
to match a Social Planner’s rate of time preference of 0.01 per year. Moreover, Golosov et al., 2014 target an
atmospheric half-life of 300 years to calibrate their rate of decay ¢4. This implies that our rate of decay must be

1
set at ¢g = 1 — 0.5300/¢ Finally, for the share of emissions that is absorbed within a decade, ¢, Golosov et al.,
2014 use the empirical observation that approximately half of CO2 emissions exits the atmosphere after 30 years.

In our setting, this means that —20=93__
0.8(1—¢q)t
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calibrate the elasticity of substitution between solar intermediates to be equal to 4.23 Following
the macro-environment literature, we calibrate the elasticity of substitution between solar and
non-solar electricity to be equal to 3, accounting for recent work that endogenizes it Gentile
(2024) and Jo and Miftakhova (2022),%4 and the elasticity of substitution between electricity and
the production input to be equal to 0.9 Adeyemi and Hunt (2014). We recover the US and the
Chinese total labor force from the World Development Index (WDI) Database of the World Bank
and normalize the labor force in the US to 1. We set the labor share in production to v = 0.43
in both regions, based on the markup-adjusted US GDP to US total output ratio.?> We follow
the recent innovation literature (Akcigit and Kerr (2018), Acemoglu et al. (2018), Bloom et al.
(2021)) to calibrate the stepping-on-the-toe externality in innovation . We set A to 0.05 without
loss of generality, since different values of A can be accommodated by varying . We use Liu and
Ma (2021)’s estimates of the US and Chinese reliance on domestic patents to calibrate our cross-
region spillovers to 0.7 and 0.4, respectively. We set the cross-technology spillover parameter
v = 0.97 to match the growth rate of solar output in the 2006-2018 period. We exogenously
set a growth rate of the production input technology, AY, consistent with a long-run economic
growth of 2%.26 Finally, we set the electricity weight in the final good production function, a to

0.2 without loss of generality since different values of o can be accommodated by varying B¢.

6.1.2 Internally Calibrated Parameters.

This section summarizes our strategy to calibrate the remaining parameters. Section A.2.1 in
appendix A.2 describes it in more details, and tables 7 and 8 in the same appendix report respec-

tively the values of the empirical moments that we target, and the resulting calibrated parameters.

We deflate all the prices and values to be expressed in 2015 US dollars.?” After having
imposed that the production processes of solar and non-solar electricity are symmetric across

regions, meaning that af = a? and that af = a2, we are left with the following parameters to

r

calibrate:

d P s s d s d
{M,, An,2006a An,20067 Qn,20067 Tre, Ters @, &% Bpe, 15, 1y, L)

ZWe are working on using our empirical results to calibrate this parameter.

%Due to endogeneity problems, empirically identifying the elasticity of substitution is challenging. Macro
climate papers use a range of different values. For instance, Hassler et al. (2022) use an elasticity of 0.95,
following the metastudy of Stern (2012). Other papers (e.g., acemoglu2023<empty citation>) assume a
substitutability larger than one, following Papageorgiou et al., 2017, who empirically estimate the elasticity
of substitution finding values around 2 for the electricity-generating sector and close to 3 for the non-energy
industries. Recent literature has worked on endogenizing the elasticity of substitution. Gentile (2024) finds a
CES production function with an elasticity of 2 to behave most similarly to a micro-founded model of the energy
sector, where the substitutability between clean and dirty energy is determined by microdata on the degree of
intermittency and technological change in energy technologles

Z5In particular, in our model v = #jﬁ;m 25— =

?6This means that the yearly growth factor of A% is (1.02)".

*"n our model, the price of the production input is the numeraire (i.e., Pp = pp = 1). In contrast, the final
good is the numeraire in the data. Therefore, when deflating the prices, we adjust them to match the model price
using the model final good price.
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We count the number of Chinese and US solar intermediates firms registered in Orbis IP to
calibrate M,,. Our calibration requires a value for the price pgt and output of non-solar electricity
Y;lt. We collect data on the levelized cost of all non-solar electricity sources from Lazard, and
on the electricity they generated from the Statistical Review of World Energy (2024) of the
Energy Institute. We combine the different sources into a non-solar electricity aggregate through
a CES, which is more realistic than a simple average that would assume perfect substitution
across sources, and infer the CES shares from the equilibrium conditions. We combine the non-
solar price and output with the solar price, recovered from the International Renewable Energy
Agency’s Renewable Power Generation Costs report, and output, to calibrate the solar and non-

solar shares in production o, a?

. This allows us to recover the electricity aggregate and its
price, from which we can estimate the final good price (since the production input price is the
numeraire), and the electricity-biased technology B¢. Using the total labor force?® (from the
World Bank WDI Database) total output (from the OECD IO tables), and solar production, we
pin down the wage, using the budget constraint. This allows us to recover the initial production
input technology AZ72006 in both regions. With AZ,QOOG? we can calibrate the initial non-solar
technology Ag,2006- The initial solar technology @7, 500¢ additionally requires values on exports,
which we recover from the US Census Bureau.?? Equipped with Qn.2006: We can estimate the
trade costs 7, and 7., using the same export values.?’ We estimate a time-varying emission
intensity ¢y as a weighted average of the emission factor of each electricity source from the
Energy Information Administration, based on the fuel mix in the calibration years 2006 to 2023.
For the years following 2023, we use the weights based on the empirical fuel mix in 2023. Finally,
we identify the innovation parameters n$ and n? using the growth rate of the solar technology,
which we build using data on solar intermediate input price from the Berkeley Tracking the Sun
Database.?!

28We first remove the number of solar and non-solar scientists from the total labor force. We compute this
number as the number of R&D scientists (from the World Bank WDI Database) multiplied by its share of
electricity to total patents filed in our calibration year (from PATSTAT).

29 As documented by Bollinger et al. (2024), Chinese firms have delocalized production in other South-East
Asian countries to avoid US tariffs. In order to consider this re-routing of trade via third countries, when computing
Chinese exports to the US we also consider a portion of exports from Thailand, Taiwan, Malaysia, Cambodia,
and Vietnam as part of exports from China to the US. In order to compute which share of exports from these
countries come from Chinese firms we consider the mean yearly value of exports between an upper bound and
a lower bound. The upper bound attributes all exports from the 5 South East Asian countries as coming from
Chinese firms. The lower bound is based on data on the share of Chinese firms’ production that is done abroad
(defined as foreign share), as reported by Bollinger et al. (2024). We could assume exporting firms produce a
share of their exports abroad that is equivalent to the foreign share, that is the share of production abroad of all
Chinese firms. This is likely a lower bound, given that a good share of production facilities abroad has likely been
predominantly built by exporting firms to ship to the US in order to circumvent tariffs. In the lower bound of
exports we compute the Chinese exports as exports from China plus exports from China multiplied by the foreign
share.

30We calibrate the trade costs in 2006, as well as in the second period, covering 2007-2011, to capture change
in trade policies.

31There is no reason to believe that the innovative productivity has remained constant during our period,
especially considering the outstanding development of the solar sector. Therefore, we are currently working on
calibrating these parameters dynamically to capture their potential evolution.
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Subsidies. We calibrate the Chinese subsidies by using the China Stock Market & Accounting
Research Database (CSMAR). This dataset provides information on the balance sheet of publicly
listed firms that are quoted on the stock market in China. Starting from 2007, all quoted firms
must report the amount of government subsidies received by the government. The sectoral
classification does not allow us to identify only firms that are active in the solar PV sector.
By matching the firms with Orbis IP data, we can identify 211 firms with at least one solar
photovoltaic technology patent. We build our measure of subsidies by computing the ratio
of government subsidies over the costs of employees for this set of firms. Figure 5 shows the
evolution of the average level of subsidies across this set of firms over the years. The subsidies
peaked in 2008, as a response of the government to the global financial crisis (Branstetter et al.,
2023). The average value of subsidies is 0.09. In addition to direct subsidies in the form of
government grants, which would be reported on firms’ balance sheets, the Chinese industrial
policies implemented other subsidies in multiple forms. Other major measures introduced to
subsidize firms are loans at discounted rates, and export subsidies introduced in the form of
export tax rebates. The export tax rebate rate is 13%. In our best effort to quantify all of
these measures into a single subsidy rate, we focus on the measures that are the most easily
quantifiable. We therefore consider a subsidy rate of 22%, by summing the average subsidy rate
reported by firms in the CSMAR data, with the 13% export subsidy. The 22% subsidy rate is
applied both to production costs subsidies and R&D subsidies.3?

We also include demand subsidies in the form of solar price subsidies sb; in both the USA and
China. In addition to the Chinese solar industrial policies, China introduced several measures,
like feed-in-tariffs, demand subsidies, and renewable portfolio standards, in the aim to increase
solar energy use.?® Similarly, the US introduced a 30% Investment Tax Credit for solar energy
installations and other programs like renewable portfolio standards. We introduce these subsidies
as a subsidy on the final solar energy price pJ,, given that these measures decreased the costs
of generating solar energy. We treat these subsidies separately from the Chinese solar industrial
policies. Indeed, these subsidies do not discriminate between domestic and foreign producers,
which is a key feature of the Chinese solar production and R&D subsidies affecting in a different
way the incentives to innovate of domestic and foreign producers. We calibrate the US subsidies
using estimates from Lazard LCOE cost analysis. Lazard provides solar energy LCOE estimates
including and excluding the subsidies measures provided by the US government. We compare
the two estimates to calibrate the solar price subsidy value. The estimated values of solar price
subsidies start at 38% in 2007-2011, decline to 23% and 6% respectively in the 2012-2016, and

320ur measure is comparable to Banares-Sanchez et al., 2023 that compute an R&D subsidy of 16% and a
production subsidy of 15%.

33Feed-in-tariffs were in place between 2009 and 2020, in order to provide a stable source of revenues to solar
energy producers and to incentivize solar energy installations. Renewable portfolio standards were introduced in
several provinces, which required utilities to generate a minimum amount of electricity from solar energy sources.
The Golden Sun Program (2009-2013) and Poverty Alleviation Solar Program (2014-2020), respectively, provided
subsidies for rooftop and distributed solar, and supported rural households installing small-scale solar systems.
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2017-2021 periods, before increasing again to 22% with the introduction of the IRA.3* We keep
solar price subsidies constant to 22% up to 2035, which is the year in which the IRA subsidies are
currently planned to be phased out. After 2035 all subsidies fall to zero. In China we have not
currently been able to find a similar quantification of an overall subsidy measure. We calibrate
Chinese solar price subsidies in order to match the Chinese solar output in 2018. The subsidies
are calibrated to 25% between 2007 and 2021.%° Between 2022 and 2035 we adopt the same
subsidy rate as in the US of 22%.

Trade Policy. The trade costs in the first two periods of the simulations (2002-2006, 2007-2011)
are estimated as described in our calibration strategy for the internally calibrated parameters
(see section A.2.1 in the appendix). In the following periods, we start from the baseline trade
costs estimated in the last pre-trade-policy period (2007-2011), and we add to these baseline
trade costs the US trade policies. The US trade policies consist of three measures: anti-dumping
duties, countervailing duties, and safeguard measures. The anti-dumping and countervailing
duties on Chinese imports were introduced already in 2012. These duties were introduced with
a manufacturer specific duty. We compute the value of the duties by taking the average value
across the different manufacturers as reported in the US Federal Register, which gives 25% duties.
The 301 Investigation introduced safeguard measures on imports from China corresponding to
a 25% tariff introduced in 2018, recently raised to 60% in 2025.36 All the tariffs apply in a
multiplicative way. Chinese firms delocalized part of their production to other South-East-Asian
countries in order to avoid tariffs (Bollinger et al., 2024). In order to consider this re-routing
of trade via third countries, we take into account both the tariffs imposed on China, as well
as on other South-East-Asian countries. A preliminary investigation introduces tariffs of 117%,
49.54%, 58%, and 162%, respectively, for imports from Cambodia, Malaysia, Thailand, and
Vietnam, as reported in the US Federal Register. The investigation is still under revision, so the
effective rates are subject to change. For now, we consider these preliminary rates coming into
effect in 2025. We compute an overall tariff measure weighted by the respective trade flows of
the two regions to the US. Table 4 reports the resulting trade costs including US trade policy
tariffs.

34Given the recent developments which make uncertain whether production subsidies designed in the IRA will
be continued, our 22% subsidy measure does not include production subsidies, but only the Investment Tax Credit
and the Energy Community Adder

35In the late 2000s, the Chinese government implemented a series of demand-pull policies to support the
domestic deployment of solar PV following the 2005 Renewable Energy Law. For instance, the Concession
Program for Large-Scale Solar PV Power Plants, the 2009 Solar Rooftop Subsidy Program, and the 2009 Golden
Sun Demonstration Program provide subsidies up to 50 — 70% of the total investment cost (Shubbak (2019), IEA
Policy Database).

36The 201 Investigation introduced additional duties on imports of solar panels from all countries, excluding
a list of developing countries. These duties exclude bifacial panels, which are now the majority of imports to the
US. As such, we do not include these duties in the trade policy measures.
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Table 4: Calibrated trade costs with tariffs

Trade costs

Period Ter Tre

2002-2006 1.57 2.38

2007-2011 1.20 1.81
2012-2016 1.37 1.81
2017-2021 1.31 1.81

2022-2026 1.67 1.81
2027-onwards 2.34 1.81

Notes: We calibrate trade costs using data on solar output, exports, and prices. We calibrate trade costs in the
first two periods of the model simulations. For the following 5-year periods, trade costs equal trade costs in the

2007-2011 periods plus US tariffs on imports from China and other South-East-Asian countries.

Figure 5. Subsidies received by Chinese Publicly listed firms

Average Subsidies/Cost of Employees

0.05

2008 2010 2012 2014 2016 2018 2020
Year

Notes: This figure reports the evolution of the average subsidies-to-employment-cost ratio in China over the years
for publicly listed solar firms. Solar firms are defined as firms with at least one solar PV technology patent.
Sources: CSMAR and Orbis IP, based on authors’ computations.

6.2 Model Fit to the Data

We first compare the results of our calibration to the empirical moments that we observe over
the period 2006 to 2018. We calibrate the solar price subsidies in China, and the solar to non-
solar spillovers to match solar output in 2018, therefore the model matches by construction solar
output in 2018. Given the fact that our calibration is based on static, 2006 empirical moments,
the model matches well the untargeted observed price decline between 2010 and 2019, and it
also matches the solar price reversal whereby solar energy in China becomes cheaper than in the
US. We are working on calibrating the evolution of the innovation parameters as well, which will

further improve the trends fit.
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Figure 6. Model Fit to the Data
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Notes: The figures plot the evolution of solar output (left panel) and solar prices (right panel) in our simulation
(solid line) and in the data (dashed and dotted lines). Because solar prices are only observed starting in 2010, we
infer the 2006 prices (dotted line) using the growth rate of the capacity-weighted price of Chinese and US solar
intermediate inputs sold in the US. We adjust the growth rate to fit our model price, which is a CES aggregate

of the solar intermediate input price.

6.3 Results

To highlight the role of endogenous solar innovation, we first simulate the impact of the Chinese
industrial policies?” with exogenous technological development, keeping the solar technological
paths equal to the paths in the absence of subsidies.®® Secondly, we allow for innovation to
respond to the introduction of subsidies. This exercise highlights the importance of considering
the effects of the innovation response when evaluating the impact of industrial policies on the
clean energy transition. Both scenarios with and without subsidies include the trade policies

implemented in the US.

6.3.1 Subsidies Impact with Exogenous Innovation

Figure 7a shows how the solar technology evolves in the absence of subsidies. As estimated in
our calibration strategy, the solar technology is initially higher in the US than in China. The US
is also more productive in solar innovation than China, so it always remains the technological
frontier. The technological gap between the US and China decreases over time due to increased

innovation in China and knowledge spillovers.

3TOur counterfactual analysis focuses on industrial policies that only apply to the solar production in one
region (favor domestic relative to foreign producers), to study the reallocation of production and innovation
across regions. In our model, it means subsidies to intermediate input production (s,:) and subsidies to R&D
(sEP). In contrast, solar price subsidies (s”5) benefit both the domestic and the foreign manufacturers and won’t
distort the regional allocation.

38We first simulate the economy in the absence of subsidies. We store how the solar technology evolves in China
and the RoW in the absence of subsidies. In the exogenous technology scenario, we assume the solar technologies

evolve as in the case with no subsidies.
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Solar output increases thanks to the subsidies. It increases more in China than in the US,
because trade costs on imports of Chinese solar intermediates dampen the impact on the US solar
output. Solar intermediates production decreases slightly in the US, and it increases substantially
in China. The policy-driven increase in solar output in both China and the US is satisfied with
an increase in intermediates production in China.

As solar output increases and solar technology becomes more advanced, incentives to innovate
on solar technologies gradually increase over time. Eventually, the economy transitions away
from fossil fuels towards an equilibrium with solar energy only, in which all researchers innovate
in solar. Non-solar energy output peaks in both countries around 2030. In the long run, the
economy innovates only in solar technologies, and the non-solar energy output goes to zero.

Subsidies accelerate the transition towards solar energy, particularly in China.

6.3.2 Subsidies Impact on Solar Innovation and Solar Energy Adoption

Figure 8 shows the impact of the Chinese solar subsidies including the endogenous innovation
response. The introduction of the subsidies, which include both subsidies to solar intermediates
production costs, as well as to solar R&D, increases incentives to innovate on solar technologies
in China while it decreases incentives to innovate on solar technologies in the US (figure 8b).
Thanks to increased innovation and knowledge spillovers, China catches up with the US solar
technology by 2020. By 2020, the Chinese technological level is more advanced than the US.
Technological progress is initially faster in China than what we would see in the absence of
subsidies. In contrast, the US technological progress is substantially slower than what we would
see in the absence of policies. Eventually, the US catches up with the Chinese technological level
by 2040. Given that the US is more productive in innovation, in the long-run equilibrium in
which both countries use only solar energy and innovate only in solar energy, the technological
frontier is the US technology, and the gap between the two technologies is constant. In the long
run, the technological level is lower than what we would observe in the absence of subsidies in
both countries.
The endogenous response of innovation amplifies the impact of the subsidies on solar output
and solar intermediates production. Solar output increases both in China and in the US in the
short run. Solar intermediates production in the US decreases substantially, due to an increase
in imports from China and slower US technological progress. The short run increase in solar
output in both China and the US is sustained through higher solar intermediates production in
China.
Importantly, the subsidies delay the transition to solar energy in the long run. Non solar energy
use in the US peaks in 2040, while it would peak 10 years earlier, in 2030 in the absence of
subsidies. In China, the non-solar energy peak is delayed by only 5 years. In the longer run, the
speed of the transition depends on technological progress at the frontier, which is slowed down

by the subsidies. Therefore, in the long run, the subsidies result in a higher CO2 concentration
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Figure 7. Subsidies Impact
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domestic producers) on solar energy adoption, innovation, emissions, and consumption with exogenous innovation.
The technological levels are kept fixed to the level we would observe in the absence of the policy. We are currently
calibrating the model to two regions: China and US (RoW in the figures).
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due to a delayed transition to solar energy.
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Figure 8. Subsidies Impact with Endogenous Innovation
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7 Conclusion

This paper studies the impact of industrial policies, in the form of subsidies, supporting the
solar PV manufacturing sector in China on innovation, emissions reduction, and output at the
global level. The policies have helped China to become the major producer of solar cells and
a key player in innovation in solar photovoltaic technologies. They have also contributed to
the massive decline in the costs of solar PV worldwide. However, our empirical analysis using
patent data on the universe of solar patenting firms demonstrates that the increase in Chinese
competition in the solar PV manufacturing sector has also had a negative impact on innovation
in the rest of the world. A priori, the overall effect of the Chinese industrial policies is therefore
ambiguous.

Consequently, we develop a tractable but comprehensive theoretical model to evaluate the
effects of industrial policies on sectors that are crucial to the energy transition. The model
highlights the main mechanisms through which the subsidies affect the economy: it immediately
reduces the costs of production in the country implementing the policies, and reallocates market
share toward the targeted industry in this country. In the medium run, it incentivizes innovation
in the subsidizing country but discourages it in the rest of the world. The overall effect on prices,
demand, and emissions is ambiguous.

Our preliminary calibration to two regions, China and the US, highlights that considering
the endogenous global innovation response is crucial to evaluating the overall effects of industrial
policies. In the short run, we find an unambiguously positive impact of industrial policies on
the development of the solar energy sector. However, in the long run, the impact on the solar
sector is positive with exogenous technological change, while it turns negative when the global
innovation response is taken into account, delaying the clean transition. This is because the
policies shift innovation away from the most innovative regions towards the least innovative
regions. In the long-run, even though Chinese solar technology has become temporarily more
advanced, technological progress is sill faster in the US than in China once the two regions start
to transition to solar energy and devote most of their R&D resource to that sector. Given that
technological progress in the US has been slowed down by the Chinese solar industrial policies,
the solar technological levels, in the long run, are lower than what we would observe in the
absence of policies.

As it is clear from the general formulation above, our model can be used not only for an ex-
post evaluation of the effect of the Chinese industrial policies in the solar sector, but also as an
ex-ante evaluation tool for the effects of trade and industrial policies that are being implemented
in the RoW. Our model also applies to other pivotal sectors of the energy transition. For instance,
it is an appropriate tool to predict the development of the global EV industry, as China has more
recently targeted this sector with industrial policies similar to the solar sector. The costs, market
share, and innovation patterns are strikingly similar between the two sectors but slightly delayed
in the EV sector. As both the EU and the US are trying to protect the EV industry through
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tariffs and domestic content requirements, our model can provide valuable insights on whether
these policies will be effective, but also on their implications for emissions reduction and for the

clean energy transition.
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Empirical Appendix

Main Results
Table 5: Impact of Chinese Exposure on Solar Patents Counts - Other years
(1) (2) 3) (4) (5)
Baseline At Least 1 Biadic ~ Biadic =~ Non-Self Citation Country FEs
chinese _exp 2000 -0.4731 -1.1909 -0.8673 -0.6807 -0.9193
(0.4750) (0.6689) (0.8865) (0.4585) (1.1095)
chinese _exp 2001  -0.1367 -0.6574 0.1545 -0.1071 -0.6426
(0.4093) (0.5650) (0.7449) (0.3952) (0.7299)
chinese _exp 2002  -0.2720 -1.0527 -1.1967 -0.3712 -0.3180
(0.4040) (0.5409) (0.8044) (0.4025) (0.7116)
chinese_exp 2003  0.6706 -0.4411 -1.0567 0.6061 0.0024
(0.3899) (0.5371) (0.6971) (0.3891) (0.6412)
chinese exp 2004 0.0684 -0.6044 0.1686 -0.0679 -0.1727
(0.3735) (0.4955) (0.6030) (0.3638) (0.5361)
chinese _exp 2005 -0.2534 -0.8452* -0.2450 -0.2731 -0.9526"
(0.3312) (0.4244) (0.5264) (0.3255) (0.3886)
chinese_exp 2006 -0.2953 -0.3190 0.4475 -0.1895 -0.8179*
(0.3110) (0.4033) (0.5092) (0.3093) (0.3434)
Observations 115480 61300 61300 109440 99054
Unique Firms 5774 3065 3065 5472 5100
Firm FEs Yes Yes Yes Yes Yes
Year FEs Yes Yes Yes Yes No
Country-Year FEs No No No No Yes

Standard errors clustered at the firm level
* p < 0.05, % p< 0.0l ** p<0.001

Notes: Standard errors in parentheses: * p<.1, ** p<.05, ***p<.01. Standard errors are clustered at the firm

level.

This table shows the coefficients estimated with a Poisson Regression of the main specification, which

is given by equation 4. Chinese exposure (year) represents the interaction term between the Chinese exposure
measure which varies at the firm level and the year dummy for the given year.
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A.1.1 Robustness exercises: Country-year FEs and Biadic-only

Figure 9. This figure reports the main coefficient of interest, By, over time in the regression
specification with country-year FEs.
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Figure 10. This figure reports the main coefficient of interest, 81+, over time in the regression
specification which restricts the sample of patents to biadic patents
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A.2 Calibration

In this section, we provide more details on our calibration. Table 6 reports the values and sources
of the parameters that we calibrate externally based on standard values from the literature. In
subsection A.2.1, we provide more details on our calibration strategy. Table 7 reports information

on the empirical moments that we use for our internal calibration. Table 8 report the resulting
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calibrated parameters

Table 6: Externally calibrated parameters

Parameters  Value Description Comments
K 0.4 Return to scale in innovation Acemoglu et al. (2018), Akcigit
and Kerr (2018), Bloom et al.
(2021)
o 4 Elasticity of substitution between
intermediates
13 3 Elasticity of substitution between
solar and non-solar electricity
P 0.9 Elasticity of substitution between
electricity and production inputs
v 0.43 Labor share of production Markup-adjusted UsS GDP
(World Bank WDI) to US to-
tal output (OECD IO tables):
V= ot outpit; 51 ~ 71
Q 0.2 Share of electricity in final gopod WLOG
production
A 0.05 Innovation step WLOG
Cr 0.7 Cross-regions spillovers US reliance on domestic patents
from Liu and Ma, 2021
Ce 0.4 Cross-regions spillovers Chinese reliance on domestic
patents from Liu and Ma, 2021
vy 0.97 Cross-technology spillovers (solar- Match the growth rate of solar
non solar) output in the 2006-2018 period
gfl P 1.02 US exogenous growth rate of
prod. input technology
9256 1.07 2006 — 2019 exogenous growth
rate of prod. input technology
géfg 1.05 2019 — 2023 exogenous growth
rate of prod. input technology
925'4 1.04 2024 — 2030 exogenous growth
rate of prod. input technology
9250 1.03 2030 — 2050 exogenous growth
rate of prod. input technology
gégo 1.02 > 2050 exogenous growth rate of

prod. input technology
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Table 6: Externally calibrated parameters

Parameters  Value Description Comments
M, 350 Number of Chinese solar interme- Orbis IP
diates firms
M, 77 Number of US solar intermediates Orbis IP
firms
p 0.019 Social Planner’s rate of time pref- Adapted from Acemoglu et al.,
erence 2023; Golosov et al., 2014
9 1.5 Inverse EIS Adapted from Acemoglu et al.,
2023; Golosov et al., 2014
T(0) 830 Pre-industrial carbon concentra- Adapted from Acemoglu et al.,
tion (in Gtc) 2023; Golosov et al., 2014
oL 0.2 Permanent emissions share Adapted from Acemoglu et al.,
2023; Golosov et al., 2014
do 0.3973 Emissions immediately absorbed — Acemoglu et al., 2023; Golosov et
al., 2014
da 0.0115 Rate of decay Adapted from Acemoglu et al.,
2023; Golosov et al., 2014
X 0.000053 damage parameter Adapted from Acemoglu et al.,

2023; Golosov et al., 2014

A.2.1 Calibration method

We impose that the production processes of solar and non-solar electricity are symmetric across
regions, meaning that o = o and that o = a2. Moreover, ol = 1 — a3. We deflate all the
prices and values to be expressed in 2015 US dollars. In our model, the price of the production
input is the numeraire (i.e., p; = p;, = 1). In contrast, the final good is the numeraire in the
data. Therefore, when deflating the prices, we need to adjust them to match the model price®.
We recover the model final good price based on the electricity expenditure share of total output

(fot/ = M), where total output tot outputn; = ppiYn: is computed from the OECD

tot _outputnt
1 1
input-output tables,*® using p,; = (1 — ) T% (1 — 054)7-1.
Number of solar intermediate input varieties. We normalize the total number of solar

intermediates to 1, and count the number of Chinese and US solar intermediates firms registered

39Take for instance the price of solar panels. We have that Pyy(model)  _ py,(data)
prt (model) prt(data)

where p,¢(data) = 1 for
n = ¢, r, therefore p;;(model) = p;;(data)pr:(model)

40To be consistent with our calibration, we recover 05% from the calibrated p%,YS,, which we obtained after
having calibrated as, aq and the k;. Those parameters are model-consistent, even if based on data prices that
haven’t been normalized yet, because they are based on price ratio.
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in Orbis IP. This gives us M, = 0.82.

Non-solar electricity. Our calibration requires a value for the price pgt and output of non-
solar electricity Y4, For the US, we collect data on the levelized cost of all non-solar electricity
sources from Lazard, and on the electricity they generated from the Statistical Review of World
Energy (2024) of the Energy Institute. However, to measure pﬁt, we cannot simply use the
naive average levelized cost of all electricity sources but solar, as this would assume that those
different electricity sources are perfect substitutes. To aggregate these costs under a more realistic
assumption, we instead infer the share of each of the electricity sources by assuming that they

are aggregated in a CES manner as follows:

£
=1

3 1
Vi=|Y ki(vi)e
f

Where ry is the share of source f, and we take £ to be the same elasticity of substitution
as between solar and non-solar. From the demand for each source, along with the normalization

that Zf k=1, we obtain a system of equations that identifies all the x:

:
wr Y (vl
Kj Y7 \ Py

With the s ¢ identified, we can recover the model-consistent price of other sources of electricity:

1
1-¢

Pl = Z ’ff(pf;t)l_g
f

Finally, we also use the s to compute the non-solar growth factor of gh{ as a function of the

growth rate of the LCOE of the different non solar electricity sources.

1
pi _ (Zf Hf(pit)lg(gﬁ)lj ot

nt —
S kg (pl) s

From which we obtain the growth factor of non-solar technology:

gaf
d
Int

Finally, the k7 allows us to compute the model-consistent total electricity generation from

non-solar sources in both China and in the US, assuming that the x/ are identical across countries:
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We can then recover the price of non-solar electricity in China once we have estimated o

(see below). Using non-solar electricity consumption, we compute p, = <%3—j) ¢ i
Once we have calibrated A?, (see below), we can recover the initial level of non-solar electricity

technology in both regions as

p

Ad _ Ant
nt = _d
Pnt

Solar and non-solar shares in production: Using the solar and non-solar electricity prices
and consumption - the latter taken from the 2024 Statistical Review of World Energy of the

Energy Institute - along with the normalization that a® + a® = 1, we can recover:

1
Yd dn &€
o = 1—&—?(%) and of=1-0o°
Y5 \pr

Since we don’t have access to non-solar electricity prices and output for China in 2006, we

impose that a = a? and that a8 = a?.

Electricity expenditure share of output: From the solar and non-solar prices, we obtain

the electricity price:

1
S

d¢d\1— 1-¢\1-¢
P = (i)'~ + (1= shpie) )
And from output, we similarly retrieve Y5:
¢
1 £-1 1 g-1) &1
d S - S -
o= (0§ T 4ol T
Which allows us to compute the electricity expenditure share of GDP

PV
" tot outputyg

At this stage, we use 677 to compute the final good price, such that we can normalize all our
prices variables to make them model-consistent, since it matters for parameters such as A, 7, BS

and by extension, n®.

Electricity-biased technology: The electricity price and the electricity expenditure share of

total output give us Bf:
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Emission intensity. We estimate ¢ as a weighted average of the emission intensity of each
electricity source, based on the fuel mix in the calibration years 2006 to 2023. For the years
following 2023, we use the weights based on the empirical fuel mix in 2023. From our specification

of non-solar output Y4, we have that

nt»

3 3
d d

f f nt f nt

Wages. The total labor force,*! total output, solar electricity generation and exports determine
the initial wage, using the budget constraint. Total output produced in both regions comes from
the OECD IO tables, while exports come from the US Census Bureau trade flows. We use
solar electricity generation, imports and exports to recover solar intermediate input revenues

(see equation (9) in the appendix).

tot _outputn + 25— (pp, Yoy — EXP} + EXPY) + spipra Yooy
ﬁpOant

Wnt =

Where f # n is the foreign country. We can then use py;to calibrate the production technology:
o -

ALy = mw;itpm Y
Solar electricity technology: With AP, calibrated, we can recover the initial level of solar

electricity technology for both regions, using the solar prices. In particular, we use:

EXP;
(P Y5
EXPS,

(Pe)° Y

Q= [(zoﬁt)“ - } T s,

Q= [(zoit)” - ] s

Since Lazard only reports value for the US, we take the price of solar electricity from the

International Renewable Energy Agency’s Renewable Power Generation Costs 2022 report.

4'We first remove the number of solar and non-solar scientists from the total labor force. We compute this
number as the number of R&D scientists (from the World Bank WDI Database) multiplied by its share of
electricity to total patents filed in our calibration year (from PATSTAT).
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Trade costs:  We recover the iceberg trade costs using again exports from the US Census

Bureau trade flows:

Tre =

e}

(7)Y \ ot o
EXPs, (1 — s0) AP,

Ter = <pg(t)g Ci)al it

EXPFF (1= sn) AT,

Innovation: Using the growth rate of the solar technology (equation (7)), we can identify n?
and n?. For this, we first re-arrange the scientists’ equilibrium decision (equation (6)) to replace
R,{tin the growth rate. We get:

i

1- @ s Yo—1
773 — Int (Qnt) >
T (LX) T IAM Ny T QS (0= (K, ) (0= 1) (1=m)
1—Kn
d yoyd dyo—-1_1 M, (1+ M\, o—1y Ad (e—1)
(1 _ SﬁtD)(l _ Snt)(dfl) oy (pnt) nt ((gnt) — ) ( + ) <Q:t—1> + Mn
Tgil Y5 + () Yot (1- gthp)((l + X)o7t —-1) nt—1
o— o— o s —(oc—1)k d,spill —yn(o=1)
i e [ (@877 = DML+ )7, (Qm1> o (A > x
n —'n pSit d s,8pill
(1= ZE) (1 + A7 = 1) Aot Oni
nt K/nil
d \oyz
(1 _ SgtD)lfnn(l . Sz(t))(afl)(mnfl) (pnt) Yd (t)

(p%
s

f;'—)la Yo+ (P 7Y

Where f # n indexes the foreign country. In the data, we don’t observe the growth factor
of solar and non-solar technology g3, directly. However, we can relate it to the growth factor
of prices, which we observe. We have already recovered the growth factor of the non-solar
technology in equation (8). For the solar technology, we use the mean capacity-weighted price of
solar intermediate inputs from the Berkeley Tracking the Sun Dataset. This dataset reports the
capacity and the price of grid-connected, distributed solar photovoltaic systems in the United
States, by year and supplier. We build our Chinese and US aggregate solar intermediate input
price as the average price across all solar systems produced by a Chinese or US firm, respectively,

weighted by their installed capacity (pf,’tCW = M pimfﬁi’}tddi). We then measure the growth
" Mn Trnt@j

factor of solar intermediate input price ggzﬂ as the average annualized growth rate over the period

2006 — 2019, which we then adjust to fit our 5—year period. We then relate it to the technology

growth factor as follows. Since the average capacity-weighted price at ¢ 4 1 is

an (ﬁitﬂ)gildi

Jar, (@ g41)7ds

. Lo
g _ e W)
e an (p;n,tJrl)igdi e
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We use the law of motion of the individual solar technology qi;it 41 (equation (5)) to rearrange
this expression, assuming that the within-region heterogeneity in individual technology is small.
We obtain:

) s,CW 8,8pill\ vy, ¢ A€:SPillN1—~, o—-1
S0 Drta1 A -1 K — (Q t ) (A t—1 )
ggt = p;gw =Gnt |1—Mpn (1+ An)? )\nUZ(RfLZH)l " ( . 5 =

rt nt

Therefore, we can relate the growth factor of solar technology (g:,) to the growth factor of

the capacity-weighted intermediate input price (gﬁ?) as follow:

s _ Q:Lt+1 o

gnt - S
nt

S —K Qn*
1+778(Rnt)1 My <( Lo

s,spill e,spill
) (A

s,
S
Int
Ap

Int o—
- (1 s e

Qi1

1 1)> o—1

1

)1—’Yn o—1
) (1+2)771 =1)

1
o—1

Tables 7 and 8 summarize respectively the values of the empirical moments that we target,

and the resulting calibrated parameters.

Table 7: Target moments (2006)

Moment Variable Value Source Parameter(s)
identified
popW Chinese labor force to US  5.02 World Bank WDI wer = AP
labor force ratio
gg’z Annualized growth rate 0.9159 Berkeley = Tracking 7}
of capacity weighted the Sun Data
solar system prices in
China (2006-2009)
gr: ! Annualized growth rate 0.9676 Berkeley  Tracking n;
of capacity weighted so- the Sun Data
lar system prices in the
US (2006-2009)
tot _output China total production 31317.56 OECD IO table wer = AV, 057 = BE
Det Yer over 2002-2006 (in 2015
bio US$)
tot _outputy US total production over 1131068.5 OECD IO table wpe = AL, 077 = B¢

DrtYrt

2002-2006 (in 2015 bio
US$)
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Table 7: Target moments (2006)

Moment Variable Value Source Parameter(s)
identified
Rt Chinese R&D scientists  0.0079519 World bank WDI RS, RY, = wy
to total US labor force
Ryt US R&D scientists to to-  0.0069408 World bank WDI RS, RY, = wyy
tal US labor force
Spyy % RoW share of solar to to- 0.001961 PATSTAT R} = wpt
tal patents
sp % China share of solar to 0.003478 PATSTAT R = we
total patents
sp?, %ﬁii: RoW share of non solar 0.010534 PATSTAT R4, = wyy
to total patents
spd, %ﬁii% China share of non solar 0.03856 PATSTAT R, = wy
to total patents
b China solar R&D scien- 0.0000276598 spd, x Rt wer = Al
tists to total US labor
force
RZ, US solar R&D scientists  0.0000136138 sp3, X Rt wer = Al
to total US labor force
Rfft China non-solar R&D 0.000306596 spgt X Ret wer = Al
scientists to total US la-
bor force
RY, US non-solar R&D sci- 0.0000731138 spd, x Ry wpe = AP,
entists to total US labor
force
Y3 Chinese solar electric- 0.367 Energy Institute - 7, Q%, 05,03, pd =
ity generation over 2002- Statistical Review of A%, 05 = B¢
2006 (TWh) World Energy (2024)
Y5 US solar electricity gen- 3.484 Energy Institute - g, 7er, Q5 mS,m8, 05f =
eration over 2002-2006 Statistical Review of By
(TWh) World Energy (2024)
Ye Chinese geothermal elec- 20.065 Energy Institute - Y4 pd = A%, 607 =

tricity generation over

2002-2006 (TWh)

Statistical Review of
World Energy (2024)

By
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Table 7: Target moments (2006)

Moment Variable Value Source Parameter(s)
identified

Ye US geothermal electric- 360.747 Energy Institute - g, = pd, V94
ity generation over 2002- Statistical Review of g, 05 = BE
2006 (TWh) World Energy (2024)

Yie Chinese gas electricity 52.77 Energy Institute - Y4 pd = A% 6%
generationover 2002- Statistical Review of By,
2006 (TWh) World Energy (2024)

Yoe US gas electricity gen- 3901.521 Energy Institute - kg = pgt,Y;‘i
eration over 2002-2006 Statistical Review of as, 65! = B
(TWh) World Energy (2024)

Y5 Chinese coal electric- 8807.526 Energy Institute - Y4 pd = A9, 0%
ity  generation  over Statistical Review of B¢,
2002-2006 (T'Wh) World Energy (2024)

YS US coal electricity gen- 10708.073 Energy Institute - k. = p&, Y4
eration over 2002-2006 Statistical Review of «ag, 65 = BS
(TWh) World Energy (2024)

Y Chinese nuclear electric- 226.869 Energy Institute - Y4 pd = A9, 02
ity generation over 2002- Statistical Review of By,
2006 (TWh) World Energy (2024)

Y US nuclear electric- 4106.874 Energy Institute - &, = p&,Y4d
ity  generation  over Statistical Review of ag, 05 = B¢
2002-2006 (T'Wh) World Energy (2024)

Yy Chinese wind electric- .770 Energy Institute - Y4 pd = A9, 07
ity generation over 2002- Statistical Review of By,
2006 (TWh) World Energy (2024)

YY US wind electricity gen- 80.894 Energy Institute - x, = p%, Y4
eration over 2002-2006 Statistical Review of g, 0 = BE
(TWh) World Energy (2024)

Y3 Chinese oil electricity 259.493 Energy Institute - Y4 pd = A9, 0
consumption (TWh) Statistical Review of B

World Energy (2024)
Y9 US oil electricity con- 560.763 Energy Institute - s, = pd, Y4

sumption over 2002-2006
(TWh)

Statistical Review of

World Energy (2024)

as, 079 = B

nt
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Table 7: Target moments (2006)

Moment Variable Value Source Parameter(s)
identified
D Price of solar in China 296 International Renew-  7,c, Q%,, ns, ns, 05/ =
(2015 US $/MWh) able Energy Agency B¢, pd = A%
- Renewable Power
Generation Costs in
202242
jo Price of solar in the USA 239 International Renew- g, 7er, Q5,, nS, 1S, 057 =
(2015 US $/MWh) able Energy Agency B¢
- Renewable Power
Generation Costs in
2022%2
Iy Levelized cost of geother-  76.23 Lazard LCOE*3 Kge = pd, Y4 =
mal electricity in the US as, 07 = BS, gkt =
(US §/MWh) o
Iy Levelized cost of gas 105.2 Lazard LCOE Kge = ph, Y4 =
(combined cycle) elec- as, 0 = BS, gkt =
tricity in the US (US gha
$/MWh)
DSy Levelized cost of coal 134.8 Lazard LCOE ke = piYd =
electricity in the US (US as, 07 = BS ght =
§/MWh) .
Dy Levelized cost of nuclear 120.4 Lazard LCOE kn = p4, V¢ =
electricity in the US (US as, 07 = BE gt =
§/MWh) o
D Levelized cost of wind 196.3 Lazard LCOE Ko = pl,Yd =
electricity in the US (US as, 0 = BE gl =
$/MWh) o
s West Texas Intermediate 18.51 Saint-Louis Fed Ko = %, Y4 = ay

Oil price in the US (US
$/MWHh)

42The data starts in 2010. Therefore, we retrieve the 2006 value by imputing the growth rate of solar price
from the growth rate of solar intermediate input prices coming from the Berkeley Tracking the Sun Data.

43The Lazard data starts in 2009. Therefore, for all prices, we retrieve the 2006 value using the growth rate of
the prices between 2009 and 2010.
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Table 7: Target moments (2006)

Moment

Variable

Value

Source

Parameter(s)
identified

9% (0)

US Geothermal LCOE
average b-year growth
rate over 2009-2019 (US
$/MWh)

1.0954

Lazard LCOE

Pd _ Pd
Irt = Yot

gc
9rt

Gas LCOE average b5-
year growth rate over
2009-2019 (US $/MWh)

0.86695

Lazard LCOE

Pa __ _DPd
9rt = YGet

c
Irt

Coal LCOE average 5-
year growth rate over
2009-2019 (US $/MWh)

0.9048

Lazard LCOE

Pa __ _Pd
9rt = Yot

n
Irt

Nuclear LCOE average
5-year growth rate over
2009-2019 (US $/MWh)

1.1226

Lazard LCOE

Pa

__ ,Pd
grt - gct

w
Irt

Wind LCOE average 5-
year growth rate over
2009-2019 (US $/MWh)
(2009-2024)

0.7556

Lazard LCOE

Pa __ _Pd
grt - gct

rt

West Texas Intermediate
Oil price average 5-year
growth rate over 2009-
2019 (US $/MWh)

2.15651

Saint-Louis Fed

Pd __ _DPd
9rt = gct

Emission factor geother-
mal (kg CO2 to mio
BtU)

7.71

EIA; 2018

Emission factor gas (kg
CO2 to mio BtU)

93.07

EIA; 2018

Emission factor coal (kg
CO2 to mio BtU)

93.30

EIA; 2018

Emission factor nuclear

(kg CO2 to mio BtU)

EIA, 2018

L

Emission factor wind (kg
CO2 to mio BtU)

EIA, 2018

Lo

Emission factor oil (kg
CO2 to mio BtU)

73.16

EIA, 2018
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Table 7: Target moments (2006)

Moment Variable Value Source Parameter(s)
identified
EXP; Chinese solar export over  0.059251 US  Census Bu- 7,Q5
2002-2006 (US 2015 bio reau (Imports from
$) China)
EXP} US solar export over 0.01148 US Census Bureau 7., Q%
2002-2006 (US 2015 bio (domestic exports to
$) China)
Table 8: Internally calibrated parameters for 2006
Parameters Value Description Moment targeted
M. 0.82 Ratio of Chinese solar Nb. of firms in Orbis IP
firms
A]c),()ﬁ 4.7155 Level of Chinese pro- Total output and total labor
duction technology force
Aﬁ% 16.8041 Level of US production Total output and total labor
technology force
AiOG 383.122 Level of Chinese non- Non-solar levelized costs
solar technology
A;{% 1024.445 Level of US non-solar Non-solar levelized costs
technology
0,06 101.565 Level of Chinese solar Solar levelized costs, output
technology and exports
706 440.127 Level of US solar tech- Solar levelized costs, output
nology and exports
Tre 1.577 Trade costs from China Solar levelized costs, output
to the US and exports
Ter 2.38 Trade costs from the US  Solar levelized costs, output
to China and exports
Qg 0.00218086  Solar share in the elec- Solar and non-solar levelized
tricity composite costs and output
a(Be)¥—1 0.03178338  Chinese electricity share Electricity expenditure
shares of total output
a(Be)¥—1 0.02253678  US electricity share Electricity expenditure

shares of total output
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Table 8: Internally calibrated parameters for 2006

Parameters Value Description Moment targeted
(L+ X)o7t —1)ns (J\ICRQOG)“'€ 0.06174746  Chinese solar innova- Solar and non-solar technol-
tion rate ogy growth rates and rev-
enues
(L+ X7 = 1)ni(M RS g6)' ™" 0.28938579  US solar innovation rate ~ Solar and non-solar technol-
ogy growth rates and rev-
enues
(14+ )71 - 1)173(}25{06)1*” 0.00062574  Chinese non-solar inno- Solar and non-solar technol-
vation rate ogy growth rates and rev-
enues
(T+N)01— l)nﬁ(Rioﬁ)l_“ 0.00393042  US non-solar innovation Solar and non-solar technol-
rate ogy growth rates and rev-
enues
L 0.000293305 Non-solar emission fac- Non-solar electricity sources’

tor

emission factor

B Theoretical Appendix

B.1 Derivations

This section prove some of the decentralized equilibrium results exposed in the main text.

B.2 Solar intermediate input production

Firm ¢ located in region z = ¢, r chooses its input demand from cost minimization. The Cobb-

Douglas aggregate yields the usual marginal cost ¢,y = (1 — szt)wgtpit_ v
i

into account the demand z?,,

maximizes its profits.

The firm then takes

from the solar producer in region n, and sets the price p¢ , that

)7 Yot

7 S
i€z __ 1 i v 1-vYnzt i _ Pnt
rr%ax Tt = PnztTnzt — (1 - SZt)wztpzt s s.t. @y, = ( .
Przt ot nzt
v 1—v P
- o wY,p
7 _ 2tz _ 2t
= DPnst = o (1 - Szt) —Tnz = (1 - Szt) 50 Tnz

S,i
zt zt

-1

The firm sets a price at a constant markup over marginal costs, taking the trade costs into ac-

count, to maximize its profits.

The same firm 7 located in region z = ¢, r, produces output y,,; for region n, and uses [},
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and Y77 of each input, respectively, for this part of production:

g
) oc—1 qsf
Ynzt = (Pe) Yo ) —
nz n nt'nz o Tnz(l - Szt)thpit v
—1
i v (py)° Y o—-1 a ’
=  (p -
net (1 - Szt)wzt mt nt g Tnz(l - Szt)thpit v

s.1 o—1
Yinputs,i _ 1-v (ps )U s [ O— 1 q,;
e (1—sa)pae "™ 0 Tno(1 = s)w?pl”

Therefore, it makes the following profits 7’ _, from selling to region n:

nzt
(1 — )’UJV 1-v % (1 _s )wy 1-v
T S S 2t)WntPnt i i Ynat 2t)WntPnt i
Tzt = PnztTnzt S, nzt = nzt 5,0 nzt
th nz qqzt

1 1 i o
— 7(pst)o St 0 — 4t
o " " 0 Tpa(l— Szt)wlz/tpit_y

Therefore, firm ¢ located in region z = ¢, makes total profits

s \o s \o S,% o—1
i 1 (prt) s (pct) s o—1 qz%
Tt = — o—1 “rt + 7_0'—1 ct —

1-v
o TZ cz g (1 - SZt)thpzt

This means that total profits from the solar sector in region z can be expressed as:

M, s \o s \o s o—1
/0 ”;tdi — < (p;tf)l ¥ T’i (poc-tf)l ) cfﬁ) < 2t > 732# <jt

v 1—v
o Tz cz o (1 —s)wp,,

Where pi, X3, = fOM" plial,di is the total sales of solar intermediate from region 2. In a
two-region model, total sales from region z are equal to solar electricity generation in region z,

p3; Y, plus solar intermediate exports of region n, minus solar intermediate imports of region n:

PLuXZ =puYy + EXP, — EXPj for f# 2 (9)
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B.3 Optimal Innovation Choice

Solar intermediate firm ¢ located in region n decides how many researchers to hire to maximize:

S,Spi e,spi — (o-1)
wintmn (@) (AR .
m?,f{ nn(Rn%)l " ( L S0 . ((1+)‘ )Qnt 1)
Ry qnt 1

nt

+ [ 1= (B

nt

s,8pi e,spi (e—1)

iN1—Fop, (Qn:tp—lll) (An tp lll)(l 7 7 R

) o Tt (Gp—1)
nt—l

RS 7'
- (1 RD) Wt ‘R;SnfZ

Snt

And similarly for a non-solar intermediate firm. Solar intermediate producers’ profits are

. o—1 .
i S0 _ Gt o—-1 1 (Pr0)” s | (P2r)° ys
7Tmﬁ(‘]nt) - v l1—v 0' 1 “rt + o—1 Tct
(1 - Snt>wntpnt g o—1\ 7, Ten

Therefore, we can rewrite the maximization problem as

' 8,8pilly~ Ae,spill (1—v) (o—1)
max 1 + nfl(RS,’L)l—Hn ((Qn,tl) ( tfl) ) ((1 + )\fl)a-_l . 1) <

nt EX)
qnt 1

S50 o-l o s \o s \o
qnt 1 (U B 1> 1 ((prt) s 4 (pct) Ys)
(1 - Snt) ntpqlzt_y g o—-1 o Lo Tcan_l °

— (1 = sEPYywl R

nt

Hence, the first-order condition yields
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Scientists are paid their outside option, which is the expected marginal profits of working in

the other sector:
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Therefore, the firm’s scientists hiring decision is characterized by comparing the expected
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marginal profits in the two sectors. This gives the following optimal choice
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B.4 Analytical effects of industrial policies

Below, we prove our different results on the effects of the subsidy. We will make repetitive use

of the following elasticities:

dlogpnt o1, Pnt Pt Yot
= a(BY)Y (=) = 2

>0
dlogp?, " o  PutY
legprt = a (@)5 1 pntY >0

- S

dlogpy, Pt Y

1_ Mc . . .
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<0
dlogp?
gpnt — 0

dlogs.t

B.4.1 Static effects

We first consider the static effects, taking the technologies level as given. The elasticities above
show that the price of solar energy generation decreases in both regions, while the price of

non-solar energy is unaffected.

Chinese solar marginal costs decrease more than RoW solar marginal costs. We
have that

dlogse  dlogse s Pet

ct

s s l1-0o
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We can show that (pg,)° 1 — 7,177 (p%,)? =1 > 0. Indeed,
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Which holds, since ¢ > 1 and 7,7 > 1.
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Chinese terms of trade deteriorate. The terms of trade of region n are

_1
i 1—c,;\1-° s
(fM"(pfnt) dl) _Tfn(l_snt)Athth
1 - s
(g trea) A
F\n

For n = ¢, s > 0. Therefore, TOT,; decreases at a given technology level, because Chinese

TOTy =

exports become relatively cheaper.

For a small subsidy and sufficiently large v, aggregate output increases in the RoW
and decreases in China. Total output, which determines the scale effect on solar and non-
solar output, is determined by the budget constraint, since households are hand-to-mouth. Total
output will vary following the change in total price, as well as through the reallocation of inputs

subject to different tax distortions:

o 1 o 1
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Dnt 0Set OSet
For small subsidies (s, ~ 0, sb3 ~ 0),* this simplifies to
1
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4 Formally, this is equivalent to log-linearizing around a steady-state value with no subsidy (8t = 0,555 =0,
o lmntl:/;t

S Tnt—Tnt : ; Y — 15 s , g
and ¢ = = ), which yields: Y, = “Pnt + nt =75 - o
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Y
Osct
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In the RoW: total output increases with the subsidy.

In China, the distortion decreases total output. If v is not too small, we can show that
the scale effect is negative. Indeed, as v — 1, there is no initial distortion, meaning that
introducing a subsidy harms global output. Since RoW output increases, Chinese output must
decrease by more. Formally, evaluating the derivative at (s,; = 0, sb; = 0), which implies that

_ o 1 .
PptYnt = o—1 ;wntht-

¢ . . . MC . . . MC . . .
_lalo,gpnt o % _ _lalOQPnt wnthLt _ l 1 f(] pzctxéctdz . VU -1 fo pzzctxlcctdZ + fO pg"ctx;ctdz
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Me 4 i g: Me i i g Me i i s
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= < 0 for v not too small
1—5s4 \Vv Det Yet PuYe

In China: total output decreases with the subsidy if v us not too small®.

For a small subsidy, solar production increases with the subsidy in both regions.
Recall that

pet ¢ pet ¢ 1 { Pnt ¥
pme ) vima () e (22)
(1= 850D (1 — spe)Ppe Dnt

= a®a(By)Y ML = sh) T W) " 0) Y () Yo

45y amplifies the price effect on total output, through roundabout production. Therefore, if v is small, the

multiplier effect is larger as production relies more on the final good. If solar constitutes a large share of production,
which implies that the effect on total price is large, the subsidy could increase total output. Intuitively, this channel
arises because the monopoly distortions imply that the economies are producing too little, meaning that they are
using too little final good in production. The subsidy partially corrects for that distortion by boosting production.
However, since it is only applied to the solar sector, it creates inter-sectoral distortions. The larger the solar sector,
the closer to the efficient correction, which would cover all producing sectors, the subsidy will be.
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Therefore,
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Scale effects
We consider small subsidies, such that we can approximate the scale effect by

OlogYn — _ 10logpn:
dlogset 570 v Ologse "ot Lnt

x 1{n = ¢}

In that case,
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Expenditure shares are weakly smaller than 1 and weakly positive and v < 1. Suppose that

nt Yot

0>€>1>¢ >0 Then L — 4 > 0. Since Batlit >0, & — 4 > (g—w)—(g—@z))p”tiy
PntXnt

<1
Therefore, it is straightforward to show that solar output increases in the RoW:

dlogYyy  _ dlogpy

dlogsee —  dlogse
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<

In China, the substitution effect and the scale effect go in opposite direction:

MC Mc
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The scale effect is the most negative in the limit where v — 1. Thus, this case is a lower bound
for the effect on solar output. With v — 1, we get

65



M, Mc
leg ci — Sct fO pzcctxcctdl |:€ . pgt ci <(§ w) +T/1p6t ct>:| . pz“ct‘rrctdz
dlogset 1 — 8¢t Dot Yot P Y PetYet PetYet
Mc . . 3 Mc
> Sct f() péctxlcctdz |:€ o pit ci (é— o w):| o p}"ctxrctdz
T 1= PaYer PeYe PerYey
M. .
Sct fO cctxcct‘dZ fo prctxrctdZ
DY PeYe

-1
§(pit)(’ g (P)YEme ”) ( ot )”
pgt}/ci PetYe (1 - Sct)Ap

é—(pst)a—l_ (prt)a 1p7€tys o’
c

PuYe < 1 —sc) Agt)
g—

S o—1 S S S 1
§(ps )071 _ (prt> Pri X ( ct )
ot Tre PetYer (1 - Sct>A€t
Set s o—1 s o—17 "1
C t Tt
vt (e ) ()
L= set (1 — sct) A% (1—se)An, ™

S o—1 s o—1]|" S s s o—1
ct + QrtTCT Pritrt ct
(1- Sct)A‘zt (1- Sct)Agt PetYer (1- Sct)Agt

-1
Qs o—1 Qs o—1 s o—1 QS Ter o—1
5 > 1 and |:((1_50tt)A;Zt) T <(1_50t3A£tTrc) :| - |:((1_50tt)Agt) * ((1_5;)A£t>

1 i i di
due to the trade costs. Therefore, as long as W is not too large,*® the lower bound of
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the effect of the subsidy on Chinese solar energy generation is positive. Therefore,

dlogY;
dlogsc —

Solar output increases in China.
For a small subsidy, fossil fuel production decreases with the subsidy in both regions.

Recall that
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Therefore,
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scale effect

We again focus on small subsidies. In that case,
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Suppose that o > £ > 1 > ¢ > 0. As before, this means that ((5 — ) — (% —1!})%) is
bounded from above by & — ), while it is bounded from below by £ — % For v not too small, the

latter is positive. Therefore,

dlogY,2 < dlogpr, ., 1
dlogse — dlogse v
N——

<0

The subsidy distortion sm% x 1{n = ¢} only reinforces the negative effect on the Chinese

non-solar sector by decreasing the scale effect.

B.4.2 Dynamic effects

The firms’ innovation decision can be written as

s,spill

( Zt)m _ (L4 A )071 —1) (Qnt 1 ) v(e-1) (pit)UYci(TnC)lig + (py)° Y5 (an) -7
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For a given level of technology:
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We can summarize the different effects as follows. The first term is the marginal cost effect:
intermediate input producers that benefit from the subsidy see their marginal cost decrease. In
the RoW, the marginal cost effect is null, since intermediate input producers don’t benefit from
the subsidy. (o — &) is the direct negative effect on solar price. Finally, (§ — ) — (% — W%
reflects the energy and total output price decrease. The decrease in energy price increases the
demand, hence the revenue, of both solar and non-solar inputs. Because the production input
and energy are complementary, the energy price decreases decreases the revenue of the energy
input (¢). However, the final good price increases energy, hence solar, demand through the scale

effect (%)

We've already shown that the non-solar output Y% decreases unambiguously with the sub-
sidy (for v not too small), while its price is left unaffected. Therefore, the last line contributes

to increasing solar innovation for both regions.

We focus on the solar terms:
prt Y Yo ) }
oc—§)+—-- Zritrt
o=+ B (- ) - (] - )it
Suppose that o > £ > 1 > ¢ > 0. Because expenditures share are weakly positive and weakly

lower than one, and because v < 1, then if v is not too small:

Y,
o=+ 20 (6= u) = =92 ) | > mino - 6.0 1) 20

Therefore, in the RoW, the expected marginal profits from solar unambiguously decrease. The
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overall effect on solar innovation effort depends on how this decrease compares to the decrease in
the expected marginal profits from non-solar. Since the latter doesn’t suffer from a direct price

effect ((o —&)), it is likely dominated. To get more intuitions, we can rewrite:
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As o > &, the first line (direct price and marginal cost effects) is always positive (negative) in

China (the RoW). Intuitively, as Chinese (RoW) solar intermediate input producers gain (lose)
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market shares?”, their expected profits increase (decrease) which redirect innovation toward the

solar (non-solar) sector.

Because solar intermediate inputs are traded, there are terms-of-trade effects: if f as a com-

parative advantage in solar intermediate input production, the solar shares are relatively larger in

S
P37, AogPte e v dlogpy,
PreYie dlogser  PrtYet dlogse
—— N——

<0 <0

magnitude in country f, relative to country n. Therefore,

pYg UogPY e v, dlogpy,

and | =L z
PiYie dlogse — PrtYnt dlogse
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< 0. Intuitively, this is because domestic non-solar is rela-
<0 <0

tively less affected than foreign solar, which, in turn, affects domestic solar demand. Reasonably,

solar expenditures are only a small share of the economy total revenue. In that case, the latter

is likely smaller in magnitude, and the relative foreign effect will disincentive solar innovation

(abstracting from the subsidy distortion).

Therefore, if China has a comparative advantage in solar, the price effect and the term-of-
trade effect go in the same direction in the RoW: RoW innovation effort decreases. Correspond-
ingly, the marginal cost effect (which dominates the price effect) and the (small) term-of-trade
effect go in the same direction and Chinese innovation effort increases. If the RoW has a com-
parative advantage in solar, the effect is ambiguous, but the price effect is likely to dominate
since the weight on the foreign effect will be tiny, while the weights on the domestic relative price

effects will be large.

4TBecause 0 > £, RoW solar intermediate input producers are more affected by the competition from the
Chinese solar intermediate than the non-solar sector. Therefore, they lose relatively more market share.
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