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Abstract

Facing the energy use rights trading system with an emphasis on source control, will
enterprises opt for traditional fossil energy technology innovation or new and renewable
energy technology innovation, and will they choose substantive or strategic innovation
activities? Will the energy use rights trading system lead to competitive crowding-out
effects or innovation compensation effects for corporate energy technology innovation?
Taking the “Pilot Program for the Paid Use and Trading of Energy-Consumption Rights” as
a quasi-natural experiment, this paper, based on the energy technology patent data of listed
companies, conducts a theoretical analysis and a series of empirical tests to examine the
impact of the energy use rights trading system on corporate energy technology innovation.
The results indicate the following: Firstly, the energy use rights trading system significantly
enhances corporate energy technology innovation, primarily inducing traditional fossil
energy conservation innovations, while the driving effect on new and renewable energy
technology innovation is not pronounced. Secondly, the system promotes corporate energy
technology innovation by strengthening financing channels such as government subsidies.
Thirdly, the energy technology innovation induced by this system stems from the com-
petitive crowding-out effect on R&D resources, rather than the innovation compensation
effect. Fourthly, the driving effect of the tradable energy permit system exhibits distinct
path-dependent characteristics, which is manifested in the fact that the system exerts a
more significant driving effect on substantive energy technology innovation activities, the
most prominent impact being on substantive innovation in traditional fossil energy. Finally,
enterprises across pilot regions respond differently to the system, with Zhejiang and Fujian
Provinces showing more significant driving effects in energy technology innovation. The
system mainly stimulates substantive innovation activities in non-state-owned, large-scale,
and low-energy-consuming enterprises. This study contributes to the refinement of the
energy use rights trading system and supports innovation-driven energy transition.

Keywords: the energy use rights trading system; energy technology innovation; listed
enterprises; crowding-out effect; innovation compensation effect

1. Introduction

Since President Xi Jinping first proposed the energy revolution at the sixth meeting of
the Central Financial and Economic Affairs Commission in 2014, China has been committed
to cultivating independent innovation capabilities in the energy sector. In 2016, the National
Development and Reform Commission (NDRC) issued the “Innovation Action Plan for
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Energy Technology Revolution (2016-2030)”, clearly proposing the long-term goal of “com-
prehensively enhancing independent innovation capabilities in energy and establishing a
sound energy technology innovation system by 2030”. Furthermore, deeply advancing the
innovation-driven development strategy in the energy sector requires not only reorienting
the allocation of innovation resources but also strengthening institutional innovation to
incentivize enterprise enthusiasm for innovation [1]. The “Pilot Program for the Paid Use
and Trading of Energy-Consumption Rights” provides an empirical opportunity to examine
the driving effect of the energy use rights trading system on corporate energy technology
innovation. The energy use rights trading system (EURTS) emphasizes source control of
total energy consumption [2], and a well-established system will make the price signals
of energy use rights more responsive and increase quota turnover rates, thereby driving
enterprises to engage in energy technology innovation activities and guiding innovative
resources toward energy technology research that is more energy-efficient and cleaner. This
enhances the alignment between energy use rights and carbon emission rights and holds
significant practical importance for advancing the “Dual Carbon” goals and the energy
technology revolution.

The existing literature has primarily focused on the nexus between heterogeneous
environmental regulations and energy technology innovation. The narrow Porter hypoth-
esis posits that the “innovation compensation effect” induced by certain stringent and
flexible environmental regulations can offset the negative costs of regulation [3], while
the “compensatory effect of environmental regulation on enterprise energy technology
innovation” is strongly associated with domestic environmental regulations [4-7], foreign
environmental regulations [8,9], energy market competition [10], types of energy tech-
nology innovation [11], and organizational slack [12]. It was not until Acemoglu et al.
(2012) [13] incorporated the bias of technological progress into the endogenous economic
growth framework that research on how environmental regulation affects the bias of tech-
nological progress attracted widespread attention. Environmental regulation often leads to
rising energy costs, thereby driving technological progress biased toward energy conserva-
tion or scarce resources. For example, Xiu (2016) [14] found that in developed countries,
capital and energy are complementary, and increased energy costs drive energy-saving
technological progress. Further combining these insights with China’s energy resource
endowment, Yang et al. (2018) [15] found that technological progress in China’s industry is
biased more toward fossil energy and labor, rather than non-fossil energy and capital.

Relevant research primarily focuses on three strands: (1) the economic effects of the
EURTS, (2) the drivers of energy technology innovation, and (3) comparative analysis of
the energy use rights trading system and other quota-based trading regimes. The first
strand of the literature primarily addresses: the design of the EURTS [2,16]; its synergistic
effects with the carbon emission trading system and energy consumption taxes [17,18];
and its impacts on energy conservation and emission reduction [19-21], economic growth
potential [22], industrial structure upgrading [23], green total factor productivity [24],
low-carbon transition of the energy structure [25], corporate earnings management [26],
urban ecological resilience [27], and corporate carbon emission intensity [28]. The sec-
ond strand of the literature, beyond environmental regulation, also incorporates natural
resource theory, stakeholder theory, and market theory. Natural resource theory posits
that environmental pressure stemming from energy consumption and carbon emissions
can invoke energy technology innovation [29,30]; however, once this pressure exceeds
the environmental carrying capacity threshold, the resulting natural disasters are nega-
tively correlated with energy technology innovation [31]. Stakeholder theory identifies
risk sharing among project participants [32], promotional pressures on local officials [33],
public R&D expenditures by local governments [34], and corporate cash flow [35] as the
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key constraints on energy technology innovation. Market theory holds that both foreign
and domestic market demand [36-38] can drive energy technology innovation, that market
competition helps dismantle market barriers to energy technology innovation [39], and that
fossil fuel and electricity prices elevated by competition directly or indirectly induce energy
technology innovation [40—42]. The third strand of the literature primarily investigates
the similarities and differences between the energy use rights trading system and other
market-based regulatory instruments—the carbon emission trading system [43] and the
emissions trading system [44]—along dimensions including design objectives, regulated
entities, allocation rules, and compliance requirements.

In summary, the existing literature both domestically and internationally has primarily
employed cross-national or single-EU-country panel data to examine the relationship
between environmental regulations—such as carbon trading schemes, carbon taxes, and
the Clean Development Mechanism—and energy technology innovation; however, research
on the EURTS remains scarce, and studies focusing on the typology of enterprise-level
energy technology innovation are likewise limited.

Building on the existing literature, this paper makes four key contributions: First,
this study identifies patent data on energy technologies from Chinese listed firms using
the Green Patent List and IPC codes, combined with the incoPat database, and employs
difference-in-differences (DID) and triple-difference (DDD) methods to examine the impact
of the EURTS on enterprise-level energy innovation. Second, building on an enterprise-
level perspective, this paper examines the indirect pathways through which the EURTS
influences energy innovation by analyzing financing channels such as fiscal support, fi-
nancial constraints, and R&D investment. Third, from the perspective of the co-opetition
relationship between energy technology innovation and non-energy technology innovation
within innovation activities, this paper attempts to test whether the driving effect of the
tradable energy permit system exhibits path dependence, including the system’s impact
on innovation input in energy technology versus non-energy technology. In particular,
with respect to energy technology innovation, do firms choose to innovate in traditional
fossil energy technologies or new energy and renewable energy technologies, and do they
prioritize substantive or strategic innovation activities? Fourth, it explores heterogeneous
effects across regional contexts and firm characteristics.

2. Theoretical Impact Mechanism

2.1. The Direct Impact Mechanism of the EURTS on Enterprise-Level Energy
Technology Innovation

The EURTS is a market-based environmental regulation that aims to cap aggregate
corporate energy consumption. Enterprises exceeding their allocated quotas must purchase
additional rights from either the government or the market. Since quota purchases consume
finite financial resources, they may simultaneously constrain production investment or
reduce R&D expenditures, thereby exerting a negative pressure on corporate market
competitiveness. It was only with the formulation of the Porter hypothesis that this
traditional view was fundamentally challenged. Porter and van der Linde [45] argued that
well-designed environmental regulations, by stimulating technological innovation, can
offset part or even all of the costs associated with pollution abatement.

Relative to command-and-control environmental regulation, the EURTS enhances
corporate flexibility and stimulates energy technology innovation [46] through three mecha-
nisms: First, it imposes binding energy consumption quotas on high-energy firms, signaling
pressure to improve energy efficiency and pursue technological innovation. Second, it gen-
erates financial returns from surplus quotas for low-energy firms, reducing investment risk
in energy-related R&D and intensifying innovation incentives. Third, it provides direct
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R&D funding through government tax incentives and subsidies to support energy tech-
nology development. Enterprise energy technology innovation exhibits significant dual
externalities [47]—knowledge spillovers and environmental externalities—and is closely
linked to public energy R&D investment [48], yet it is constrained by external financing
constraints. The policy supports energy technology innovation by expanding corporate
financing channels.

Hypothesis 1. The EURTS promotes enterprise energy technology innovation.

2.2. The Impact Mechanism of the EURTS on Different Types of Energy Technology Innovation

Environmental regulations promote innovation not universally, but rather only those
innovations that either comply with regulatory standards or generate higher profits [49],
while resource endowments remain a key factor in shaping firms’ choices of innovation
type [50,51]. The source control of total energy consumption is primarily achieved through
two pathways: first, technological innovation for reducing consumption of traditional
fossil fuels; second, new and renewable energy technology innovation, including solar,
hydropower, and hydrogen energy. On the one hand, drawing upon the theory of biased
technological change posited by Acemoglu et al. (2012) [13], under the imperative of
profit maximization, rising energy costs precipitated by environmental regulations compel
technological innovation to favor the conservation of relatively scarce factors of production.
Specifically, when a particular factor commands a higher cost share and greater market
demand, the returns on innovation correspondingly increase, prompting enterprises to
prioritize R&D activities aimed at economizing that specific input [15]. In the context of
China’s energy usage rights trading framework and its prevailing energy mix, stock capac-
ity in energy-intensive sectors—such as coal-fired power, steel, and chemicals—remains
predominantly reliant on fossil fuels. Furthermore, since the onset of the “14th Five-Year
Plan” period, mandates issued by the State Council and the National Development and
Reform Commission have excluded newly added renewable energy consumption from
assessments of total energy consumption for localities and key energy-using entities. Con-
sequently, energy usage rights saved by enterprises through enhanced fossil fuel efficiency
can be directly monetized in trading markets. This dynamic renders the expected returns on
technological innovations targeting fossil fuel conservation superior to those for new and
renewable energy technologies, thereby skewing technological progress toward reducing
fossil fuel inputs. On the other hand, regarding energy-saving potential, such measures
not only serve to alleviate the mounting pressure of escalating energy consumption, but
also fundamentally reduce energy consumption and serve as a long-term strategy for
constraining energy intensity and total energy consumption; however, such innovation
entails substantial technical challenges [52], imposing higher financing constraints and
greater innovation risk on enterprises. Accordingly, along the two dimensions outlined
above, within the institutional context of energy use rights trading, corporate innovation
in traditional fossil energy technologies and innovation in new and renewable energy
technologies represent complementary instruments for alleviating pressure on total energy
consumption across different stages of energy transition.

Environmental regulation is also a critical determinant of technological innovation [10].
In this paper, we proxy firm innovation quality by patent classification [53]—granting in-
vention patents as indicators of substantive innovation and utility model patents as proxies
for strategic innovation. We find that innovation yield is closely associated with innovation
quality: when the expected returns from substantive innovation significantly exceed R&D
investment, firms tend to prioritize such innovation to achieve optimal decision-making at
minimal cost [54]. Moreover, substantive innovation exhibits higher quality than strategic
innovation, more authentically reflecting a firm’s autonomous innovation capacity [55].
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Participating firms in the EURTS face additional costs from quota purchases and potential
inter-departmental joint penalties for non-compliance, thereby tending to prioritize sub-
stantive energy technology innovation that yields higher returns. Due to the high capital
intensity and extended R&D cycles of invention patents, firms with weak innovation capac-
ity sometimes exhibit a tendency to prioritize innovation quantity over quality [56], opting
for strategic innovation to comply with environmental regulation.

Hypothesis 2. The EURTS is more conducive to fostering fossil energy technology innovation than
new and renewable energy technology innovation.

Hypothesis 3. Compared to strategic energy innovation, the EURTS promotes substantive energy
innovation more strongly.

2.3. The Indirect Impact of the EURTS on Enterprise Energy Technology Innovation

Green technology innovation is capital-intensive, entails prolonged payback periods,
and is subject to information asymmetry, all of which exacerbate firms’ internal and external
financing constraints, necessitating diversified financial support [57] to realize the “Porter
effect” under the EURTS. This study, grounded in the foundational principles of “market-
led, government-nurtured” under the system, further identifies the indirect mechanisms
influencing enterprise energy technology innovation. Faced with compliance pressure
from energy allowance constraints imposed by the energy use rights trading system, two
scenarios may unfold for enterprises. On the one hand, when research and development
(R&D) resources are relatively abundant, firms may choose to proactively pursue energy
technological innovation to optimize production processes and improve energy efficiency.
Specifically, they will further increase investment in energy technological innovation on
the basis of existing non-energy innovation activities, thereby giving rise to an innovation
compensation effect. On the other hand, when R&D resources are constrained, enterprises
may reallocate funds originally earmarked for technological innovation to cover the cost of
energy allowances, leading to a crowding-out effect on overall innovation input. Alterna-
tively, they may redirect R&D expenditure away from non-energy technological innovation
toward energy technological innovation, generating a crowding-out effect of energy inno-
vation investment on non-energy innovation investment. It is important to note that this
paper primarily examines the impact of the policy on enterprise innovation investment and
external financing constraints, which is critical to the sustainability of energy technology
innovation expenditures.

First, in the EURTS, government fiscal subsidies—delivered through dedicated inno-
vation funds—can effectively alleviate financial constraints in enterprise energy technology
R&D. Moreover, technical review and project oversight within subsidy disbursement pro-
cesses signal credibility to investors, mitigating information asymmetry and facilitating
greater external financing and increased innovation investment [58]. Second, in the system,
the government leverages tax policy to incentivize innovation: tax incentives can offset
firms’ initial R&D expenditures and generate subsequent funding for research, thereby
reducing the risk and cost burden of innovation investment and ultimately encouraging
greater investment in energy technology innovation. Third, the system incentivizes finan-
cial institutions to develop differentiated financial instruments based on firms’ energy use
efficiency and design green finance solutions, including energy use rights pledge financing
and central bank re-lending support. This not only diversifies firms’ financing options but
also increases the funding supply for energy technology innovation through market-based
mechanisms. Fourth, the system requires that trading implementation in pilot regions be
incorporated into the energy consumption “dual-control” assessment framework, with
stringent energy consumption audits triggering market-based quota purchases for firms
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exceeding limits and inter-departmental credit penalties for non-compliant firms, thereby
compelling increased R&D investment.

Hypothesis 4. The tradable energy permit system promotes corporate energy technology innovation
through financing channels, including strengthening government subsidies and tax preferences,
easing external financing constraints, and increasing corporate R&D investment.

Hypothesis 5. The corporate energy technological innovation induced by the tradable energy
permit system may originate from either the competitive crowding-out effect of R&D resources or
the innovation compensation effect, which is associated with firms” R&D resource constraints.

3. Research Design
3.1. Model Specification

To mitigate endogeneity arising from omitted variable bias in the DID framework, this
paper carefully selects control variables and considers that the EURTS exhibits no reverse
causality with energy technology innovation. Pilot provinces exhibit significant hetero-
geneity: Henan and Sichuan possess lower energy efficiency and weaker technological
innovation capacity, whereas Zhejiang and Fujian operate at substantially higher levels.
This regional variation is not subjectively selected based on development levels, thereby
effectively mitigating endogeneity-induced causal inference bias. To this end, this paper
applies a DID approach to estimate the net effect of the EURTS, with the model specified
as follows:

Yige =00 + a1 Djp + 0o X +0; + 1t + pj + T + €iji 1)

In model (1), i, j, k, t denote firm, region, industry, and year fixed effects; Yi]‘kt denotes
the number of energy-related patent applications by listed firms; D;;= Treat; x Time;, Treat;
is assigned a value of 1 if the firm is located within a pilot region and 0 otherwise; Time; is
set to 1 for years 2017 and earlier, and 0 otherwise; X denotes a vector of control variables,
including firm maturity, profitability, leverage ratio, cash flow level, and regional economic
development; o is the intercept; 6;, 77, ¢i, and T represent firm, year, region, and industry
fixed effects; and ¢;j; is the idiosyncratic error term. Due to potential industry transitions
among listed firms, industry-year fixed effects are incorporated as controls to mitigate the
bias induced by industry reallocation on the estimates of the key coefficients.

To identify the indirect pathways by which the EURTS influences enterprise energy
technology innovation, this paper examines the financing channels and constructs a media-
tion model as follows:

Mijy =Bo + B1Di + B2 X + 0 + 11t + §j + Tic + Eiji )

In model (2), Mjj; serves as the mediating variable, encompassing government subsi-
dies and tax incentives, market financing constraints, and enterprise R&D investment; B
denotes the estimated coefficients of the EURTS on government subsidies, tax incentives,
external financing constraints, and R&D investment; and p; is the constant term. All other
variables retain the same definitions as in Equation (1).

3.2. Variable Selection
3.2.1. Dependent Variable

Following the approach of Zhu et al. (2019) [59] and referencing the Green Patent List
released by the World Intellectual Property Organization (WIPO) in 2010, this paper screens
low-carbon technologies based on the IPC classification codes provided therein. Specifically,
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the IPC classification codes for energy conservation published in the Green Patent List are
designated as the IPC classification codes for traditional fossil energy technology patents,
while the IPC classification codes for alternative energy production and transportation, as
well as nuclear power generation, are designated as the IPC classification codes for new
energy and renewable energy technology patents. Based on this classification, a manual
search was conducted in the incoPat database, using “energy patent applications” and
“energy patent grants” as proxies for energy technology innovation, “traditional fossil fuel
patent applications” for traditional fossil energy technology innovation, and “new energy
and renewable energy patent applications” for new and renewable energy technology
innovation. Subsequently, annual data on patent application and grant volumes for listed
firms across these categories were manually retrieved from the incoPat database, with
the objective of precisely capturing firms’ distinct types of energy technology innovation
activities. When using patent count as an indicator to gauge the level of technological
innovation, inherent limitations persisted, including measurement errors stemming from
selection bias, sample heterogeneity, and cross-institutional disparities. Recent scholarship
has redefined the conceptual connotation of patent quality [60,61], and future assessments
may adopt a multi-indicator approach or construct composite indices complemented by
grouping strategies to yield more accurate measurements of technological innovation.

3.2.2. Control Variables

To carefully select control variables, this paper follows the prior literature [52,62] in
adopting: firm age (Age), proxied by years since establishment, where a longer tenure is
associated with greater accumulation of R&D experience and human capital for innova-
tion; profitability (Profit), proxied by the natural logarithm of net profit, where higher
profitability implies a greater incentive to leverage innovation for first-mover advantages;
leverage ratio (Lev), proxied by the ratio of total liabilities to total assets, where a moderate
increase in leverage helps alleviate financing constraints on innovation investment; cash
flow level (Cash), proxied by the ratio of net cash flow to total assets, where a higher cash
flow entails greater financial capacity for innovation investment and stronger resilience
to innovation-related risks; economic development level (Gdp), proxied by the natural
logarithm of provincial GDP, where higher regional development is associated with greater
emphasis on resource and environmental protection and elevated demand for innovation
in resource and environmental sectors; government subsidies (Gov), proxied by the ratio of
government subsidies to firm revenue; and government tax incentives (Tax), proxied by
the ratio of tax rebates to firm revenue. External financing constraints can be measured
via the SA index [63] or long-term borrowings, which reflect firms’ financing capacity. On
balance, given that investment in energy technology innovation requires long-cycle capital
input, this paper uses long-term borrowings to capture changes in firms’ external financing,
which are specifically measured by taking the logarithm of long-term borrowings. R&D
investment (R&D) is proxied by the ratio of total R&D expenditure to firm revenue.

3.3. Data Sources

This paper selected listed firms on the Shanghai and Shenzhen A-share markets from
2013 to 2022 as the sample, retaining observations in the industrial and transportation
sectors (the classification is based on the China Securities Regulatory Commission’s (CSRC)
2012 “Guidelines for the Classification of Listed Companies”); patent data were manually
retrieved from the incoPat database, financial indicators were integrated from the Wind and
CSMAR databases, and regional statistics were compiled from provincial and municipal sta-
tistical yearbooks. Sample data were cleaned by excluding ST/*ST firms and observations
with missing key variables; to enhance the reliability of regression analysis, nominal values
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were realigned using provincial GDP deflators. This study adjusted enterprise net profit,
provincial gross domestic product, government subsidies, tax incentives, R&D expenditure,
and long-term borrowing using the provincial GDP deflator, while the number of relevant
energy patents did not require adjustment. And winsorization was applied at the 1% and
99% levels to mitigate the influence of extreme values. The fully processed unbalanced
panel dataset comprises a total of 12,582 valid observations, spanning a 10-year temporal
horizon, with over a thousand valid listed firm samples retained for each individual year.
The descriptive statistical outcomes for all adjusted variables are detailed in Table 1.

Table 1. Descriptive statistics of variables.

Variables Definition Obs. Mean Std. Dev. Min Max
Energyap In(energy patent applications + 1) 12,582 0.630 1.008 0 8.353
Energygr In(energy patent grants + 1) 12,582 0.297 0.729 0 7.103
Energyco In(fossil fuel patent applications + 1) 12,582 0.426 0.882 0 7.814
Energyal ~ [n(new and renewable energy patent ; 54, 0.328 0.741 0 7.508
applications + 1)

Age Current year—establishment year + 1 12,582 18.773 6.546 1.000 67.000
Profit In(net profit) 12,582 18.556 1.534 8.916 22.768
Lev Total liabilities/total assets 12,582 0.428 0.187 0.071 0.868
Cash Net cash flow /total assets 12,582 0.016 0.081 —0.214 0.325
Gdp In(provincial GDP) 12,582 10.679 0.694 6.719 11.731
Goov In(government subsidies) 12,582 16.992 1.563 9.645 23.231
Tax Tax rebates/firm revenue 12,582 0.017 0.024 0.001 0.574

EF In(long-term borrowing + 1) 12,582 —1.595 0.339 —3.822 —0.734
R&D Total R&D expenditure/firm revenue 12,582 0.049 0.053 0 1.694

4. Empirical Analysis
4.1. The Impact of the EURTS on Corporate Energy Innovation

Table 2 presents the baseline model results with corporate energy innovation as the
dependent variable; the estimated coefficients of Dj; are positive and statistically significant.
Column (4) of the baseline regression reveals that the EURTS increased energy-related
patent applications by 8.9% among pilot firms. A plausible explanation is that the energy-
consuming right trading system exerts a dual effect of cost forcing and revenue incentive.
On the one hand, by pricing energy consumption, the system raises the cost of fossil energy
utilization for enterprises, forcing them to conduct energy technological innovation to cut
energy costs. On the other hand, the energy savings generated by corporate innovation
can be converted into surplus quotas for trading and the additional revenue obtained
further incentivizes innovation [25]; meanwhile, energy technological innovation guaran-
tees enterprises’ energy conservation, emission reduction and stable operation [64]; thus,
Hypothesis H1 is verified. Nevertheless, most existing empirical studies treat aggregate
energy technological innovation as the dependent variable and fail to conduct comparative
analyses by distinguishing different types, such as traditional fossil energy technological
innovation and new energy and renewable energy technological innovation. This leads to
overgeneralization in explaining the driving mechanism of the energy-consuming right
trading system, and the subsequent analysis in this manuscript will include an in-depth
discussion of the different types of corporate energy technological innovation.
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Table 2. Baseline regression.

. Energyap
Variables a ) 3) @
Dy 0.088 ** 0.086 * 0.089 ** 0.089 **
(2.205) (1.903) (2.204) (1.963)
Age —0.002 0.063 ***
(—0.655) (12.096)
In Profit 0.120 *** 0.061 ***
(12.191) (5.018)
Lev 0.551 *** 0.189 *
(6.378) (1.720)
Cash —0.065 —0.027
(—0.574) (—0.239)
In Perg —0.021 0.076
(—0.066) (0.240)
Constant 1.696 *** —1.122 *** 1.476 *** —0.700 ***
(6.959) (—3.588) (56.653) (—2.800)
Controls N Y N Y
Individual fixed effects N N Y Y
Year fixed effects Y Y Y Y
Region fixed effects Y Y Y Y
Industry fixed effects Y Y Y Y
Industry-year fixed effects N N Y Y
N 12,582 12,582 12,582 12,582
R? 0.082 0.085 0.095 0.096

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are
in parentheses.

4.2. Robustness Checks
4.2.1. Parallel Trends Test

The input and output of energy innovation are subject to an uncertain innovation
lag; tracking long-term capital flows and trends in energy R&D investment is therefore
critical [47]. This paper constructs the following model to conduct a parallel trends test:

4
Yii =a0+ Y PiDtsk + 01 X+0; + 17 + ¢ + T + €
k=3

In Model (3), t; denotes the year of introduction of the EURTS; Dy, captures the
interaction between the policy dummy and time dummies for the pre-pilot, pilot, and

)

post-pilot periods. Figure 1 presents the results of the parallel trends test. The coefficients
of the pre-policy periods are not statistically significant, and no discernible upward trend
can be observed, indicating that the parallel trends assumption holds. Following the im-
plementation of the policy, the estimated coefficients across all post-treatment periods
are statistically significant and positive. This pattern likely stems from firms’ immediate
response to regulatory pressure, which spurs active engagement in energy innovation; as in-
novation progresses, the technical complexity and risk escalate, particularly in overcoming
critical bottlenecks such as energy storage and core equipment technologies. Sustained R&D
accumulation is thus required to achieve breakthroughs in high-level energy innovation,
ultimately leading to a steady rise in innovation output.

4.2.2. Alternative Specification Tests

Due to significant differences in economic development levels, energy resource dis-
tribution, and city size between the two groups, divergent temporal trends may induce
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selection bias. To effectively address this endogeneity issue, this paper employs PSM-DID
as a robustness check. The estimates, as shown in column (1) of Table 3, indicate that the
EURTS significantly drives corporate energy innovation.
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Figure 1. Parallel trends test.

4.2.3. Counterfactual Analysis

To rule out the influence of other policies or random shocks, this paper conducts a
time counterfactual analysis as a robustness check. Given that China implemented the
EURTS in 2017, we shift the treatment date to 2015. The estimates from the baseline model,
reported in column (2) of Table 3, are not statistically significant. This shows that energy
technology innovation is primarily driven by the policy.

4.2.4. Clustered Standard Errors

Given that the EURTS is a provincial-level pilot policy, clustered standard errors at the
provincial level are included in the baseline regression to avoid estimation bias. Column (3)
of Table 3 shows that the policy continues to exert a significant positive effect on corporate
energy innovation. This further corroborates the baseline findings.

4.2.5. The Multi-Period DID Model

In 2016, the National Development and Reform Commission issued the Pilot Program
for the Paid Use and Trading System of Energy Use Rights, officially approving four
provinces—Zhejiang, Fujian, Henan, and Sichuan—to launch pilot programs for the energy
use rights trading system. Given that the policy was rolled out incrementally across
provinces, Zhejiang promulgated the Guiding Opinions on Promoting the Pilot Work of
Paid Use and Trading of Energy Use Rights in Our Province as early as 2015, becoming
the first to implement an intra-provincial energy use rights trading pilot. In 2017, Fujian
introduced the Fujian Provincial Pilot Implementation Plan for Paid Use and Trading of
Energy Use Rights; in 2018, Sichuan and Henan also successively issued their own pilot
implementation plans and began establishing pilot energy use rights trading markets.
Against this institutional background, this paper further conducts a robustness check
employing a multi-period difference-in-differences framework. Meanwhile, given that this
policy was implemented across different provinces at disparate timelines, employing the
standard two-way fixed-effects DID model for estimation may yield biased results. To
rigorously ensure the robustness of the estimated outcomes, this paper further adopts the
staggered DID heterogeneity-robust estimation approach for re-estimation. The results
reported in column (4) of Table 3 demonstrate that the estimated findings align consistently
with those from the baseline regression specification.
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Table 3. Robustness checks.
Energyap Energygr
. PSM- Counterfactual Clustered at Exclude Relevant Lagged Control
Variables DID Analysis Provincial Level Staggered DID Policy Variables FE
1) @ (3) @ (5) (6) @ ®)
Dj; 0.090 ** 0.085 0.090 * 0.079 * 0.106 ** 0.093 ** 0.093 ** 0.095 **
(2.115) (1.575) (1.747) (1.711) (2.362) (2.049) (2.130) (2.190)
Carbon trading policy —0.014
(—0.274)
Low-carbop city pilot 0,076
policy
(—1.644)
Constant —0.337 —0.340 —0.337 —0.332 —0.286 —0.668 *** 1.507 *** 0.475 **
(—1.519) (—1.529) (—1.323) (—1.493) (—1.295) (—2.735) (54.304) (2.035)
Control Y Y Y Y Y Y N Y
Individual fixed Y Y Y Y Y Y Y Y
effects
Year fixed effects Y Y Y Y Y Y Y Y
Regional fixed effects Y Y Y Y Y Y Y Y
Industry fixed effects Y Y Y Y Y Y Y Y
Industry-year fixed N Y N Y Y y Y y
effects
Clustered at N N Y Y Y Y N Y
provincial level
N 8068 12,582 12,582 12,582 12,582 12,582 12,582 12,582
R? 0.106 0.108 0.107 0.106 0.107 0.097 0.027 0.033

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are in parentheses.
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4.2.6. Controlling for Policy Confounders

Carbon emissions trading and low-carbon city pilot policies, implemented concur-
rently with the EURTS, may contribute to corporate energy innovation [6,7]. To control for
policy confounders, carbon emissions trading and low-carbon city policies are included as
control variables. As shown in columns (5) of Table 3, the coefficient of D;; is statistically
significant at the 5% level and is consistent with the baseline results.

4.2.7. Alternative Dependent Variable and Control Variables

Firstly, by lagging all control variables by one period prior to regression estimation,
we can rigorously ensure that these variables qualify as predetermined variables preceding
policy implementation, which remain entirely insulated from the reverse causal impact of
contemporaneous policy interventions. This approach effectively prevents control variables
from being endogenously determined as outcomes of the policy itself, thereby eradicating
the estimation bias stemming from reverse causality at its root. As demonstrated by the
estimation results reported in Column (6) of Table 3, the derived findings remain highly
consistent with those obtained from the baseline regression. Secondly, accurate measure-
ment of energy technology innovation is critical to identifying the impact of the EURTS.
This paper replaces patent applications with lagged patent grants as the measure of energy
technology innovation. As shown in columns (7) and (8) of Table 3, the coefficient of Dj;
remains statistically significant at the 5% level. Thus, the policy significantly promotes
energy technology innovation regardless of the patent measure used, further corroborating
the preceding findings.

4.2.8. Placebo Test

To mitigate estimation bias from unobserved confounding factors, this paper con-
structs a placebo framework based on 31 provincial units by randomly assigning four
provinces as virtual treatment groups and the remaining 27 as control groups. The sam-
pling procedure is repeated 1000 times. As shown in Figure 2, the estimated placebo
coefficients generally present an approximately normal distribution centered at 0, and the
vast majority of coefficients fail to meet the requirement for statistical significance at the 10%
level, indicating that randomly constructed policy shocks cannot systematically generate
significant treatment effects. And the kernel density estimate reveals that the majority of
the Dj; coefficient’s t-statistics are less than 2 in absolute value, with p-values exceeding 0.1,
indicating no significant causal effect of the EURTS on the randomly assigned samples.

Kernel density estimaté
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Figure 2. Placebo test.
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4.3. Mechanism Test

According to the regression results of the baseline model, the energy-using rights
trading system can significantly drive corporate energy technological innovation. This
driving force may stem from the competitive crowding-out effect on R&D resources: that
is, under the condition of limited innovation resources, the pressure of rising energy costs
brought by the system prompts enterprises to reallocate R&D resources, shifting them from
non-energy technological innovation fields to energy technological innovation fields. It
may also derive from the innovation compensation effect based on existing innovative
R&D activities: that is, the innovation incentives generated by the implementation of the
system encourage enterprises to increase additional R&D investment, which indicates that
enterprises may launch energy technological innovation activities on the basis of their
existing innovation reserves in response to rising energy costs.

Based on the foregoing possibilities, this study proceeds to test the indirect influence
mechanism of the energy-using rights trading system on corporate energy technological
innovation. The overall innovation (Inno) is measured by the natural logarithm of one
plus the number of corporate patent applications. As can be seen from the results in
columns (2) and (3) of Table 4, the implementation of the energy-using rights trading
system significantly increases government subsidies yet exerts no discernible effect on
tax preferences. Specifically, government subsidies can be used to supplement corporate
R&D capital and compensate for ex ante sunk investments, thereby reducing the upfront
capital risk faced by enterprises in technological innovation. By contrast, tax preferences
primarily lower the innovative tax burden of enterprises ex post, increasing the expected
net return of innovation projects [65]. This outcome arises because the energy-using rights
trading system explicitly exposes the cost of fossil energy consumption for traditional
energy-intensive enterprises, leading to a sharp increase in transformation costs when
firms implement energy conservation retrofits and phase out excess capacity. To avert
social costs such as short-term unemployment and dramatic output fluctuations stemming
from corporate restructuring, local governments must compensate traditional enterprises
for their transformation costs through additional government subsidies. Simultaneously,
for energy technological innovation characterized by large upfront investments and high
uncertainty, market-oriented mechanisms cannot fully absorb the risks associated with the
early research and development stage, requiring governments to share firms’ R&D capital
expenditures and associated risks via government subsidies.

Table 4. Mechanism test.

€Y 2 (3) @ (5)
Variables
Inno Gov Tax EF R&D
Dj —0.078 ** 0.184 *** —0.034 0.092 0.001
(—2.214) (3.702) (—0.564) (0.557) (1.465)
Constant 0.275 11.917 *** 10.306 *** 11.097 *** 0.039 ***
(1.341) (42.150) (25.011) (11.823) (12.723)
Control Y Y Y Y Y
Individual fixed effects Y Y Y Y Y
Year fixed effects Y Y Y Y Y
Regional fixed effects Y Y Y Y Y
Industry fixed effects Y Y Y Y Y
Industry-year fixed N y Y y Y
effects
N 12,582 12,582 12,582 12,582 12,582
R? 0.139 0.179 0.161 0.095 0.023

Note: **, and *** denote statistical significance at the 5%, and 1% levels, respectively; t-values are in parentheses.
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However, the results in Column (4) of Table 4 indicate that the Energy Use Rights Trad-
ing System (EURTS) has no statistically significant impact on external financing constraints.
This may be attributable to the fact that in 2021, Zhejiang and Fujian Provinces pioneered
energy use rights pledge loans, with Zhejiang explicitly utilizing the People’s Bank of
China’s relending funds to support its energy use rights initiatives. Nevertheless, the scale
of external financing remains limited, suggesting that the EURTS has yet to substantially
activate differentiated green financial instruments to alleviate external financing constraints.
A more in-depth analysis of the results in Columns (1) and (5) of Table 4 reveals that the
Energy Use Rights Trading System (EURTS) has no statistically significant impact on R&D
expenditure. Concurrently, the system suppresses the growth of the total number of tech-
nology patent applications. This suggests that the implementation of the EURTS has not led
to an increase in the level of total R&D expenditure. Instead, it may have redirected R&D
resources from non-energy technology innovation fields to energy technology innovation
fields, thereby generating a crowding-out effect where investments in energy technology in-
novation displace those in non-energy technology innovation. Furthermore, combining this
finding with the positive effect of the EURTS on energy technology innovation observed in
the baseline regression results, and considering that energy technology innovation is char-
acterized by high capital investment and long investment cycles, this crowding-out effect
may negatively impact the total number of technology patent applications. This finding
preliminarily validates the crowding-out effect rather than the innovation compensation
effect of the EURTS. It can thus be concluded that the energy technology innovation driven
by the EURTS primarily stems from the crowding-out effect of investments in non-energy
technology innovation, rather than from an innovation compensation effect. As a result,
Hypotheses H4 and H5 are partially validated.

5. Further Discussion
5.1. Innovation Directions

To fully explore the directions of enterprise innovation under the EURTS, this section
first tests the system’s impact on energy technology innovation versus non-energy technol-
ogy innovation and subsequently examines its effects on traditional fossil fuel technology
innovation versus new and renewable energy technology innovation.

5.1.1. Selection of Innovation Directions

This paper employs the International Patent Classification (IPC) technical codes to de-
fine innovation types: energy technology innovation is first identified through specific IPC
subclasses, while the remaining patents are classified as non-energy technology innovation
and used as the alternative dependent variable in the baseline regression. Table 5 reveals
that the estimated coefficient of Dj is significantly positive for energy technology innova-
tion, indicating that the EURTS drives enterprise-level energy innovation. The estimation
results using non-energy technological innovation as the dependent variable further show
that the estimated coefficient of D;; is negative and statistically significant at the 5% level.
When further distinguishing by innovation quality, the estimated coefficient for substantive
non-energy innovation is significantly negative, while the coefficient of D;; for strategic
non-energy innovation is not statistically significant. This indicates that after the implemen-
tation of the energy-consuming right trading system, it, on the one hand, facilitates energy
technological innovation, including both substantive and strategic energy innovation, and,
on the other hand, suppresses non-energy technological innovation activities, exerting a
particularly pronounced negative impact on substantive non-energy innovation, which
further verifies the crowding-out effect of the system. A plausible explanation for the
inhibitory effect of the energy-consuming right trading system on non-energy technological
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innovation is that, given a fixed aggregate of R&D resources, the system reshapes the
allocation of R&D resources across different technology categories, driving the realloca-
tion of R&D resources from non-energy technological innovation to energy technological
innovation, thus forming a competitive crowding-out effect on R&D resources.

Table 5. Selection of innovation directions.

Energy Technology Innovation Non-Energy Technology Innovation
Variables (WY 2 (3) @ (5) 6
Aggregate Substantive Strategic Aggregate Substantive Strategic
Innovation Innovation Innovation Innovation Innovation Innovation
D 0.098 ** 0.089 ** 0.076 * —0.074 ** —0.066 ** —0.008
(2.001) (1.963) (1.726) (—2.108) (—2.001) (—0.225)
Constant 0.175 —0.700 *** —0.197 0.282 0.585 *** —0.052
(0.674) (—2.800) (—0.843) (1.380) (6.412) (—0.249)
Control Y Y Y Y Y Y
Indlvel?fleljtlsﬁxed N Y N Y N Y
Year fixed effects Y Y Y Y Y Y
Regional fixed effects Y Y Y Y Y Y
Industry fixed effects Y Y Y Y Y Y
Industre)fif—e};(zr fixed N Y N Y N Y
N 12,582 12,582 12,582 12,582 12,582 12,582
R? 0.120 0.096 0.072 0.132 0.119 0.101

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are
in parentheses.

5.1.2. Directions of Energy Technology Innovation

This paper employs traditional fossil fuel technology innovation and new and re-
newable energy technology innovation as proxies to examine the selection of innovation
directions. Table 6 indicates that the EURTS significantly increases patent applications
in traditional fossil fuels while failing to yield a significant effect on patent applications
for new and renewable energy sources, indicating that enterprise-level energy technol-
ogy innovation exhibits pronounced path dependence. Hypothesis 2 is validated. This
indicates that the cost-forcing effect of the energy-consuming right trading system only
holds for traditional fossil energy technological innovation. For new energy and renewable
energy technological innovation, by contrast, such cost forcing instead crowds out R&D
expenditure, meaning that the cost-forcing mechanism of the energy-consuming right
trading system does not necessarily induce corporate energy technological innovation.
This outcome is closely tied to the inadequate market-oriented construction of China’s
current energy-consuming right trading system. For instance, the grandfather rule in ini-
tial allocation protects the vested interests of traditional fossil energy enterprises, and
market-oriented incentives only benefit incremental innovation in existing traditional fossil
energy technologies; this incomplete marketization may thereby solidify the direction of
energy technological innovation. This finding confirms that corporate energy technological
innovation activities exhibit notable path-dependent characteristics, and Hypothesis H2
is verified.

Specifically, first, from the perspective of political economy, China’s energy-consuming
right trading pilots generally adopt the grandfather rule to allocate initial quotas. Tradi-
tional fossil energy enterprises rely on historical production capacity to obtain a large
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amount of surplus quotas for free and can save quotas through traditional fossil energy
technological innovation to obtain stable profits. In contrast, emerging renewable en-
ergy enterprises lack historical energy consumption accumulation and have to purchase
additional energy consumption indicators, which squeezes out R&D investment in new
energy and renewable energy technological innovation. Meanwhile, the core policy ob-
jective of China’s energy-consuming right trading is to control total energy consumption
and reduce fossil energy consumption. The institutional design, from initial allocation to
trading rules, is centered on the regulation of fossil energy enterprises. Moreover, since the
14th Five-Year Plan period, the increased consumption of renewable energy power has not
been included in the total energy consumption assessment of local governments and key
energy-consuming units, meaning that new energy and renewable energy technological
innovation have not been incorporated into the incentive framework. Second, in light of
the directed technical change theory [13], enterprises in energy-intensive industries such
as coal power, steel, and the chemical industry are dominated by fossil energy utilization.
Even if enterprises obtain financing support such as government subsidies, they tend
to carry out technological R&D activities related to production factors with higher cost
savings and larger market demand [15], such as traditional fossil energy technological
innovation. Third, the value realization of new energy and renewable energy technological
innovation is highly dependent on grid integration and accommodation. Current barriers
such as grid integration quotas and standards hinder the incentive transmission of the
energy-consuming right trading system to renewable energy innovation. For example,
even if an enterprise develops more efficient photovoltaic or wind power technology, it
may not be able to achieve large-scale production due to grid integration quota restrictions.
Alternatively, after completing new energy and renewable energy technological innova-
tion, enterprises still need additional support to cover the high costs of adapting to grid
connection standards and testing and certification, which offsets the innovation benefits.
Consequently, the impact of China’s energy-consuming right trading system on new energy
and renewable energy technological innovation is not significant.

Table 6. Directions of energy technology innovation.

Traditional Fossil Fuel Technology Innovation

New and Renewable Energy Technology

Innovation
Variables 1) 2 3) @) (5) 6)
Aggregate Substantive Strategic Aggregate Substantive Strategic
Innovation Innovation Innovation Innovation Innovation Innovation
D;; 0.151 *** 0.187 *** 0.128 ** 0.064 0.061 0.056
(2.816) (3.142) (2.568) (1.092) (0.979) (0.858)
Constant 0.118 —0.625 ** 0.028 0.079 —0.860 *** —0.591 *
(0.424) (—1.974) (0.103) (0.261) (—2.721) (—1.814)
Control Y Y Y Y Y
Individual fixed N Y N Y N Y
effects
Year fixed effects Y Y Y Y Y Y
Regional fixed effects Y Y Y Y Y Y
Industry fixed effects Y Y Y Y Y Y
Industry-year fixed N Y N Y Y Y
effects
N 12,582 12,582 12,582 12,582 12,582 12,582
R? 0.038 0.091 0.058 0.052 0.098 0.116

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are
in parentheses.
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5.2. Quality of Energy Technology Innovation: Substantive or Strategic Innovation

The existing literature suggests that the true motivation behind some firms’ innovation
activities is not to enhance product competitiveness or drive production transformation,
but rather to treat innovation as a strategic activity aimed at evading regulation or seeking
government support [66]. Building on the aforementioned classification of innovation types,
this section further examines the quality of different innovation categories, where energy
invention patents are defined as energy substantive innovation and energy utility model
patents as energy strategic innovation. Tables 5 and 6 show that enterprise-level substantive
energy innovation and substantive traditional fossil fuel innovation are both significantly
positive at the 1% level, while strategic energy innovation and strategic traditional fossil
fuel innovation are significantly positive at the 10% and 1% levels. Moreover, the coefficient
estimates for substantive energy innovation are substantially larger than those for strategic
energy innovation. This is because a sustained and stable revenue expectation is the core
of incentivizing substantive innovation [67]. When the revenue from energy-consuming
right quotas is linked to enterprises’ actual energy savings, the trading system can deliver
predictable and sustained quota returns for substantive energy innovation, thereby more
effectively encouraging substantive energy innovation activities. By contrast, strategic
energy innovation cannot generate continuous energy savings, and its long-term returns
are far lower than those of substantive energy innovation. Consequently, under R&D
budget constraints, enterprises will reallocate R&D funding in favor of substantive energy
innovation, and Hypothesis H3 is verified.

5.3. Heterogeneity Analysis
5.3.1. Regional Heterogeneity

Considering substantial heterogeneity across pilot regions in economic development
and energy resource endowments, this section incorporates regional dummy variables
into the baseline model to examine the regional heterogeneity in the effect of the EURTS
on energy technology innovation and introduces a DDD dummy variable constructed by
interacting the regional dummy variable, D;; with the core variable, region; in Model (1),
as follows:

Yijr =00 + a1 Dy X TEgiOle—HXzX +0i+ 1+ ¢+ T + ijir 4)

When j is a pilot region, the dummy variable equals one; otherwise, it equals zero.
Table 7 shows that the policy significantly stimulates energy technology innovation in enter-
prises in Zhejiang and Fujian Provinces, while exhibiting no statistically discernible effect
in Henan and Sichuan Provinces. The potential explanation is that Zhejiang and Fujian
Provinces possess stronger economic foundations and innovation capabilities; have long
prioritized energy conservation, emissions reduction, and energy structure optimization;
and exhibit relatively high energy efficiency. Further reliance on conventional methods such
as improving energy allocation efficiency or production quotas yields diminishing returns.
Consequently, these provinces are more likely to increase investment in energy technology
innovation to achieve emissions reduction at a fundamental level. In contrast, Sichuan and
Henan Provinces exhibit lower energy efficiency, and enterprises therein are more inclined
to adopt lower-cost conventional approaches to control energy consumption [68], rather
than pursue energy technology innovation, which entails higher R&D costs and risks.

5.3.2. Industry-Level Energy Consumption Heterogeneity

The EURTS sets an upper limit on enterprise energy consumption to cap total energy
use, thereby exerting heterogeneous effects across industries with varying energy inten-
sities. This section stratifies the sample into energy-intensive and low-energy-intensive
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industries for group regressions. In accordance with the “Classification of National Eco-
nomic Industries” (GB/T 4754-2017) [69] issued by the National Bureau of Statistics, six
major categories of energy-intensive industries are clearly defined, including coal mining
and washing, petroleum processing, coking and nuclear fuel processing, manufacturing
of chemical raw materials and chemical products, non-metallic mineral product manu-
facturing, smelting and pressing of ferrous metals, smelting and pressing of non-ferrous
metals, and production and supply of electric power and heat. All other industries are
classified as low-energy-consuming industries. Table 8 shows that, excluding new and
renewable energy technology innovation, the EURTS exerts positive effects on traditional
fossil fuel technology innovation, substantive energy innovation, and strategic energy inno-
vation among low-energy-intensive firms, with most coefficients significant at the 1% level,
indicating that the mechanism significantly stimulates energy technology innovation in
low-energy-intensive enterprises. The potential explanation is that energy-intensive firms,
due to their long-term dependence on traditional fossil fuels, are prone to carbon lock-in in
innovation, whereas low-energy-intensive firms, in the short run, gain additional revenue
from selling surplus allowances, thereby incentivizing energy technology innovation.

Table 7. Regional heterogeneity.

Energy Technology Innovation

Variables (W) 2 3) 4
Zhejiang Province Fujian Province Henan Province Sichuan Province
Dj; x regionj 0.104 *
(1.901)
D x regionj 0.257 ***
(2.814)
Dj; x regionj —0.053
(—0.496)
Dj; x regionj —0.101
(—0.996)
Constant —0.291 —0.298 —-0.313 —0.317
(—1.323) (—1.355) (—1.423) (—1.442)
Control Y Y Y Y
Individual fixed effects Y Y Y Y
Year fixed effects Y Y Y Y
Regional fixed effects Y Y Y Y
Industry fixed effects Y Y Y Y
Industry-year fixed effects Y Y Y Y
N 12,582 12,582 12,582 12,582
R? 0.106 0.106 0.105 0.105

Note: * and *** denote statistical significance at the 10% and 1% levels, respectively; t-values are in parentheses.

5.3.3. Firm Heterogeneity
(1) Property rights heterogeneity

The shock of the EURTS pilot may generate differential impacts with distinct property
rights structures. This paper stratifies the sample by ownership type and conducts subgroup
regressions to examine the effect of the policy. Table 9 reveals that traditional fossil fuel
technology innovation among non-state-owned enterprises is significantly positive at the
1% level, while that among state-owned enterprises, though positive, is not statistically
significant; further distinguishing by innovation quality, substantive energy innovation
among non-state-owned enterprises is positive at the 1% level. The potential explanation is
that, relative to state-owned enterprises supported by government intervention, non-state-
owned enterprises are highly responsive to fluctuations in energy costs and thus the EURTS
is more effective in inducing substantive energy innovation among them—reducing energy
expenditure while enabling additional revenue through the sale of surplus allowances.
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Table 8. Industry-level energy consumption heterogeneity.

Traditional Fossil Fuel Technology New and Renewable Energy

Substantive Energy Innovation

Strategic Energy Innovation

Innovation Technology Innovation
Variables 1) 2) (3) 4) (5) (6) (7) (8)
Energy-Intensive Low-Energy- Energy-Intensive Low-Energy- Energy-Intensive Low-Energy- Energy-Intensive Low-Energy-
Firms Intensive Firms Firms Intensive Firms Firms Intensive Firms Firms Intensive Firms
Dij; —0.035 0.167 *** —0.086 0.095 —0.080 0.168 *** 0.022 0.088 *
(—0.166) (2.992) (—0.689) (1.412) (—0.621) (3.254) (0.171) (1.873)
Constant 0.231 0.137 —0.343 0.281 —0.759 —0.554 ** —0.664 —0.045
(0.296) (0.455) (—0.652) (0.747) (—1.473) (—2.011) (—1.242) (—0.170)
Control Y Y Y Y Y Y Y Y
Individual fixed effects Y Y Y Y Y Y Y Y
Year fixed effects Y Y Y Y Y Y Y Y
Regional fixed effects Y Y Y Y Y Y Y Y
Industry fixed effects Y Y Y Y Y Y Y Y
Industry-year fixed effects Y Y Y Y Y Y Y Y
2664 9918 2664 9918 2664 9918 2664 9918
R? 0.068 0.027 0.071 0.021 0.112 0.105 0.151 0.073
Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are in parentheses.
Table 9. Property rights heterogeneity.
Traditional Fossil Fuel Technology New and Renewable Energy Substantive Energy Innovation Strategic Energy Innovation
Innovation Technology Innovation
Variables 1) ) 3) ) (5) (6) (7) 8)
State-Owned Ngr‘xrs‘:;lte- State-Owned Ngr;rslzezite- State-Owned Ngr;\-{iteeilte- State-Owned Ngr;\-nsl::ge-
Dij; 0.094 0.173 *** —0.024 0.112 0.033 0.186 *** 0.103 0.064
(0.91) (2.69) (—0.22) (1.58) (0.35) (3.31) (1.23) (1.21)
Constant 0.571 —0.259 0.296 0.031 —0.178 —1.112 *** 0.357 —0.499
(1.33) (—0.70) (0.65) (0.07) (—0.47) (—3.47) (1.00) (—1.57)
Control Y Y Y Y Y Y Y Y
Individual fixed effects Y Y Y Y Y Y Y Y
Year fixed effects Y Y Y Y Y Y Y Y
Regional fixed effects Y Y Y Y Y Y Y Y
Industry fixed effects Y Y Y Y Y Y Y Y
Industry—year fixed effects Y Y Y Y Y Y Y Y
N 3717 8865 3717 8865 3717 8865 3717 8865
R? 0.050 0.038 0.080 0.045 0.141 0.096 0.093 0.086

Note: *** denote statistical significance at the 1% level; t-values are in parentheses.
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(2) Enterprise size heterogeneity

This section categorizes firms by annual revenue (according to the “Provisions on
the Classification Standards for Small and Medium-sized Enterprises” (MIIT & Others,
Document No. 300), an enterprise shall be classified as large if its annual revenue is at least
RMB 40 million, or, in the absence of revenue data, if it employs 1000 or more persons;
otherwise, it shall be deemed a small or medium-sized enterprise), as reported by listed
companies, and conducts group regressions to test the differential effects of the policy
on large enterprises and small and medium-sized enterprises. In accordance with the
“Provisions on the Classification Standards for Small and Medium Enterprises” (MIIT, Joint
Circular No. 300 [2011]), enterprises with an annual operating revenue of no less than
40 million yuan (or an employee count of over 1000; if revenue data are unavailable, the
employee count criterion shall be applied) are classified as large enterprises, while all others
are categorized as small or medium-sized enterprises. The results in Table 10 indicate that
the EURTS denotes a more pronounced positive effect on large enterprises with respect to
traditional fossil energy innovation, substantive energy innovation, and strategic energy
innovation, all of which are statistically significant at the 5% level or higher; in contrast,
its incentive effect on small and medium-sized enterprises remains negligible. The likely
explanation is that large enterprises possess substantial financial capacity and a robust
foundation for innovation, enabling them to more readily attain first-mover advantages
in energy-related technological advancement. But small and medium-sized enterprises
typically face tighter financing constraints, which constrain their investment in innovation
resources and limit access to skilled talent, thereby weakening their overall capacity for
energy technology innovation.

Table 10. Firm size heterogeneity.

Traditional Fossil Fuel New and Renewable Energy . . . .
Technology Innovation Technology Innovation Substantive Energy Innovation Strategic Energy Innovation
Variables @ @ (&) @) (5) (6) (7) 8)
Small and Small and Small and Small and
Large Firms Medium-Sized Large Firms Medium-Sized Large Firms Medium-Sized Large Firms Medium-Sized
Firms Firms Firms Firms
Dy 0.205 *** —0.072 0.071 0.082 0.174 *** 0.007 0.120 ** —0.104
(3.45) (—0.57) (1.11) (0.60) (3.24) (0.07) (2.46) (—1.04)
Constant 0.182 —0.169 —0.078 1.199* —0.591 ** —1.056 ** —0.265 0.292
(0.58) (—0.28) (—0.23) (1.74) (—2.13) (—2.28) (—1.01) (0.57)
Constant Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y
Control Y Y Y Y Y Y Y Y
Individual
fixed effects Y Y Y Y Y Y Y Y
Year fixed v v v N v v v N
effects
Regional fixed N v v N v v v N
effects
N 9486 3096 9486 3096 9486 3096 9486 3096
R? 0.046 0.026 0.066 0.021 0.121 0.072 0.097 0.046

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively; t-values are
in parentheses.

Additionally, the results in Tables 8-10 further indicate that energy technology innova-
tion activities in low-energy-consumption industries and non-state-owned large enterprises
are predominantly focused on traditional fossil fuels, thereby reinforcing the path depen-
dence characteristic of energy technology innovation.
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6. Main Conclusions and Policy Implications

The study finds that the policy drives enterprise-level energy technology innovation,
with innovation activities concentrated on traditional fossil energy technologies, while
exerting no significant impact on new and renewable energy technologies—a phenomenon
attributable to enterprises’ excessive dependence on traditional fossil fuels. The study on
transmission mechanisms reveals that, faced with R&D resource constraints, the incen-
tive effect of the energy-using rights trading system on energy technological innovation
primarily stems from the crowding-out effect on non-energy technological innovation
investment, rather than the innovation compensation effect built upon existing innovative
activities. Meanwhile, the system promotes corporate energy technology innovation by
strengthening financing channels such as government subsidies. Heterogeneity analysis
reveals differential responses to the policy across pilot regions, with the system significantly
promoting energy technology innovation in Zhejiang and Fujian Provinces; it primar-
ily stimulates substantive energy innovation among low-energy-consumption industries
and non-state-owned large enterprises, while exhibiting a pronounced path dependence
in traditional fossil energy technology innovation. Additionally, the EURTS exerts no
significant impact on innovation in new and renewable energy technologies, while low-
energy-consumption industries and large enterprises still exhibit a degree of strategic
energy innovation behavior—indicating that advancing energy technology innovation
remains challenging under China’s new economic normal.

Further in-depth analysis of the above findings reveals that the institutional design of
China’s energy-consuming right trading system is primarily tilted toward the interests of
traditional energy enterprises and better accommodates fossil energy conservation, thus
bearing the distinct characteristics of “stock bias and energy-saving binding”. Specifically,
the initial institutional design follows the grandfather rule, which allocates free quotas
based on historical energy consumption bases, tilting initial quotas toward incumbent
traditional energy enterprises. The benefits of energy technological innovation are tied to
the quota gains obtained through energy conservation, and the system essentially advances
market-oriented reform without altering the vested interests of traditional fossil energy
enterprises. This institutional arrangement determines that the system’s incentives are
biased across different types of technological innovation, market entities and regions. First,
the system is more compatible with traditional fossil energy technological innovation due
to its rule that convertible tradable quotas are allocated based on current verifiable energy
savings. Traditional fossil energy technological innovation constitutes marginal retrofitting
of existing production processes and can generate quantifiable energy savings in the short
run, allowing enterprises to obtain surplus quota revenue immediately upon the completion
of innovation. In contrast, new energy and renewable energy technological innovation
features long R&D cycles and cannot generate enterprise-level verifiable energy savings
in the short term, and new projects lack historical energy consumption bases, forcing
them to purchase additional energy-consuming right quotas, which squeezes out R&D
investment in new energy and renewable energy technological innovation. Second, as a
gradual market-oriented reform, the energy-consuming right trading system requires fiscal
support to address transition frictions that market mechanisms cannot resolve. Traditional
energy enterprises need to invest large amounts of fixed capital at one stroke to implement
energy conservation retrofits, requiring government subsidies to compensate for these
costs and reduce reform resistance. Meanwhile, the energy-consuming right trading market
can only realize surplus quota revenue after innovation succeeds and cannot absorb the
uncertainty risk in the early R&D stage, so fiscal funds are also required to share R&D
investment and risk. Third, under the energy-consuming right trading system, the surplus
quotas generated by energy conservation innovation of traditional energy enterprises
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can be sold for additional revenue. This gain induces the reallocation of R&D resources
from non-energy technological innovation to energy technological innovation, indicating
that the institutional design of energy-consuming right trading may cause R&D input in
energy technological innovation to crowd out input in non-energy technological innovation,
giving rise to the innovation “crowding-out effect”. Fourth, drawing on path dependence
theory, the initial design bias toward traditional fossil energy will further strengthen
traditional fossil energy technological innovation in subsequent stages, leading to an overall
path-dependent pattern ordered as “substantive traditional fossil energy technological
innovation > strategic energy technological innovation > new energy and renewable energy
technological innovation”.

The study proposes targeted policy recommendations: (1) On the basis of refining the
institutional framework of the EURTS, gradually expand the pilot scope to fully leverage
its driving effect on energy technology innovation; establish a legislative foundation for
the review, management, and operational oversight of energy use rights trading to stan-
dardize market operations; facilitate the trading of enterprise energy use rights quotas on
legally secured, standardized public resource trading platforms, promote transparency in
trading volumes and market prices, and enhance the roles of market allocation and public
oversight; and formulate differentiated pricing based on various energy types to accurately
unblock the incentive transmission for renewable energy innovation. The existing allocation
framework anchored in the grandfathering rule that distributes quotas in accordance with
historical emission levels will be progressively phased out and transitioned to a distribution
system centered on industry-wide performance benchmarks. The proportion of paid quota
allocation will be substantially elevated, while publicly transparent auction mechanisms
will be adopted to grant newly entered renewable energy enterprises equal access to quota
acquisition channels, thereby dismantling implicit market entry barriers. Concurrently,
the share of quotas allocated to conventional energy enterprises based on their historical
emission records will be steadily reduced in a staggered manner. Specifically, tiered pre-
mium pricing shall be implemented for new quotas allocated to fossil energy production
capacity, while a free quota policy shall be adopted for new quotas corresponding to new
energy and renewable energy production capacity. The new energy and renewable energy
input used in enterprise production can be converted into surplus energy-consuming right
quotas in a certain proportion, which can then be sold for profit in the energy-consuming
right trading market, directly converting grid accommodation targets into quota revenue.
In addition, by introducing a tiered renewable energy quota system, phased and differenti-
ated targeted subsidies, and an innovation support program spanning the full R&D chain,
a fair institutional environment with robust incentive compatibility can be established
to foster the advancement of renewable energy and emerging new energy technologies.
(2) Establish a fiscal and tax support system to underpin energy technology innovation,
alleviating firms’ financing constraints and mitigating risks associated with R&D activities;
enhance government tax incentives and subsidies for energy technology innovation to
encourage enterprises to allocate greater innovation resources toward this domain; for
critical bottleneck technologies in the energy sector, the government should establish a
collaborative innovation platform, set up a project investment fund dedicated to energy
technologies, and form industry—academia-research consortia led by large enterprises
and involving universities and research institutes, thereby improving the efficiency of
innovation talent allocation and facilitating breakthroughs and commercialization in key
technologies such as the utilization of traditional fossil fuels, energy storage for new and
renewable energy sources, and high-capacity long-distance power transmission. (3) The im-
plementation of the policy requires tailored approaches, accounting for regional economic
conditions and enterprise-specific characteristics: for pilot provinces with high levels of
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economic development and solid innovation foundations, such as Zhejiang and Fujian,
energy-consuming right quotas should be dynamically tightened and the share of free quo-
tas gradually reduced. Meanwhile, relying on the national energy-consuming right trading
system, a province-level connected online energy consumption monitoring platform should
be established to implement real-time monitoring for key energy-consuming enterprises
with annual comprehensive energy consumption exceeding 5000 tons of standard coal,
preventing enterprises from overstating energy savings to fraudulently obtain quota rev-
enue. For non-state-owned and large-scale enterprises, innovation-supporting resources
should be precisely allocated: for instance, enterprises are encouraged to use their surplus
energy-consuming quotas as collateral to obtain dedicated innovation loans from commer-
cial banks, and provincial finance should set up special subsidies for energy technological
innovation to provide fixed-quota grants for granted patents of substantive energy techno-
logical innovation. For low-energy-consumption enterprises, quota offset rules should be
relaxed to further amplify the marginal revenue of surplus energy-consuming right quotas
generated by innovation. Meanwhile, state-owned enterprises should proactively fulfill
their social responsibilities in energy conservation and the construction of a strong energy
nation, with higher energy use rights quota intensity used to incentivize their engagement
in energy technology innovation.

This study has the following limitations: First, patent data only reflect innovation
output rather than innovation quality, entailing measurement errors such as selection bias,
sample distortion, and institutional disparities when assessing technological innovation
levels. Patent-based metrics may not fully reflect actual innovation activity, while classi-
fying invention patents as foundational innovation and utility model patents as strategic
innovation may oversimplify the nature of innovation. Accordingly, subsequent scholarly
investigations may adopt a far more comprehensive set of innovation metrics, rather than
restricting assessments to crude patent volume counts. Indicators spanning patent citation
frequency, the defined scope of patent claim boundaries, technological commercialization
conversion rates, revenue directly generated from innovation outputs, and industry-wide
technology adoption penetration—each respectively encapsulating an innovation’s cross-
sector academic and industrial influence, the breadth and legal robustness of its protected
technological coverage, its end-to-end market translation and implementation capacity,
its verifiable tangible economic output value, and its broader cross-industry diffusion
and popularization trajectory—will collectively underpin the construction of a rigorously
calibrated multi-dimensional innovation index, enabling far more precise, nuanced, and
systematic evaluation of the intrinsic quality of technological innovation. Second, this study
only selects A-share listed companies from the Shanghai and Shenzhen Stock Exchanges
during 2013-2022 as samples. The conclusions are based on listed firms, and given that
small and medium-sized enterprises are confronted with distinct innovation incentives,
financing constraints and regulatory frameworks that diverge substantially from those
faced by publicly listed firms, future research may expand its sample coverage beyond
listed entities to include small and medium-sized enterprises so as to substantially enhance
the generalizability of the derived research conclusions. Meanwhile, the temporal scope of
the sample could be broadened for more comprehensive findings. Third, future scholarly
endeavors may further conduct comparative empirical investigations across diverse nations
or emerging economies, which will facilitate a more profound and nuanced insight into
the effectiveness of energy-related policy interventions implemented in different national
contexts. Fourth, this paper employs patents as the proxy indicator to evaluate innovation
performance, yet patent-related activities per se do not necessarily mirror the successful
technological commercialization or tangible economic benefits generated in practice. To
address this inherent limitation, subsequent scholarly endeavors may further investigate
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whether patent assets can deliver substantive improvements in energy efficiency, environ-
mental performance or emission reduction outcomes. Specific analytical dimensions encom-
pass the energy-saving effects, carbon abatement contributions, productivity enhancement
gains and environmental benefits brought by patents [70,71], alongside supplementary
assessments of life cycle evaluation and cost-benefit analysis, which collectively facilitate a
comprehensive and systematic appraisal of the tangible real-world efficacy of technological
innovation. Fifth, subsequent scholarly investigations may further refine the granular
analysis of underlying financial mechanisms, encompassing more targeted green financial
instruments such as green bonds, energy right financing, and other diversified sustainable
financial support modalities. Such analytical endeavors will enable a systematic evaluation
of the heterogeneous performance of distinct financial innovation tools in incentivizing
energy technology innovation activities, with a particular focus on scrutinizing financing
access channels for renewable energy projects and small-scale enterprises confronted with
stringent capital constraints.
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