
*Corresponding author: tiansen0328@hrbeu.edu.cn 
 

Does R&D input matter the impact of financial resources 
allocation on green production in china’s energy sectors 

Zhengyu Qu1, Tiansen Liu1,2,3, * and Yue Zhu4 

1School of Economics and Management, Harbin Engineering University, Harbin, 150001, CHINA 
2School of Social and Behavioral Sciences, Nanjing University, Nanjing, 210023, CHINA 
3State Key Laboratory of Pollution Control and Resource Reuse, Nanjing University, Nanjing, 210023, CHINA 
4School of Management, Harbin Institute of Technology, Harbin, 150001, CHINA 

Abstract. Corporate financial resources are always a tool to support their greenization. This paper investigates 
whether R&D input inspires financial resources allocation to better promote green production in China’s 
energy sectors because of their pillar status to national industrial layout, significant impacts on climate change, 
and distinctive governance structure. By investigating 254 firm-year observations of China’s energy sectors, 
we find that their R&D input (including funds and personnel inputs) is at a low level, and it has not improved 
green production. While R&D input can help release the allocation pressure of financial resources (including 
asset impairment, shareholders equity, and tax structure) in green production and shows a robust role of the 
two R&D indicators. Our theoretical model helps directly link financial resources allocation and greenization, 
and empirical results suggest exploring more transmission paths to address cask effects of resources allocation 
for climate-friendly operations in heavy-polluting sectors especially in emerging markets. 

1 Introduction 

Globally, the fragile ecological environment in emerging 
markets is largely because of less climate-friendly 
production of heavy-polluting sectors. As a systematic 
project, green production characterizes that top managers 
use production modes with green features to reduce 
negative impacts of products/services life-cycle on natural 
environment based on greenization conceptions. 

Energy sectors with heavy-polluting features are 
leading national economy structures in various ways, and 
their productivity also influences regional development. 
Thus they need more efforts to reduce possible risks in 
global energy-flow and imbalance of energy structure 
among different economies. What’s more, energy sectors’ 
technology frontier progress is often slower than other 
sectors, and their technology efficiency mainly relies on 
internal innovation. Thus it needs to evaluate energy 
sectors’ greenization from the perspective of resources 
allocation, especially under resources constraints. 

Recent literature showed that within the drivers of 
corporate greenization, resources allocation is usually 
seen as a key component, and financial resources play a 
substantial role in maintaining the coherence of corporate 
predetermined production plans and actual outputs. 
Financial performance and green behaviors were bridged, 
while few literature focused on how financial resources 
allocation efficiency as a challenge influences corporate 
greenization, and what tools can mitigate this unfavorable 
case. Overcoming this cask effect will help robustly 
establish the improvement paths for corporate 

greenization. What’s more, prior studies separately 
examined the impact of resources allocation efficiency on 
innovation efficiency, and such innovation on green 
production. Inspired by this with the aim to expand the 
transmission path of resources misallocation to green 
production, we will clarify the moderating role of R&D 
input in the relationship between financial resources 
allocation and green production. 

In doing so, we will address aforementioned 
knowledge gaps from following perspectives. First, we 
expand the theoretical link between corporate financial 
resources allocation and greenization. Different from prior 
studies that focused more on how resources misallocation 
influences economy-growth-relevant variables (e.g. real 
output and total factor productivity), we try to enrich 
outputs of such allocation to environmental spheres. Total 
factor productivity is suggested as a key driver of growth 
of industrial sectors, and following studies suggested 
involving pollutants emission as a new input factor. 
Further, recent viewpoints suggested bridging resources 
allocation efficiency and economy output with involving 
green features, in order to reduce the loss caused by less-
efficient resources integration. Therefore, we start from 
financial resources and theoretically explores how their 
allocation evolves into green production. Second, we 
elaborate how R&D input moderates the relationship 
between financial resources allocation and green 
production, which helps show possible transmission paths 
in line with the key role of R&D in corporate production. 
Further, we reveal how China’s energy firms improve 
responsible business by integrating resources allocation 
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and R&D behaviors. It often needs to explore the way to 
mitigate possible unfavorable impacts of less-efficient 
resources allocation that may have key impacts on 
subsequent operations. Thus this paper explores how 
firms make R&D more schematized and valuable. Third, 
we also focus on a global concern around how R&D leads 
business behaviors with more green features. Recently, 
the prosperity of multinational corporations suggests 
organizing intensive R&D inputs to adapt to broader 
stakeholders’ perceptions for corporate image under 
cross-cultural variations. The sustainability of China’s 
energy firms may set a benchmark for other economies in 
mitigating misallocations of corporate internal resources 
via multi-paths. Overall, we will clarify how to improve 
heavy-polluting sectors’ green production through 
proactively harmonizing the relevance of different 
antecedents. 

2 Literature review 

2.1 The theoretical backing bridging resources 
allocation and corporate greenization 

It was recently suggested that exploring multi-links 
between resources allocation and green strategies can 
improve our understandings of how less-efficient 
allocation influences the climate-friendly production. For 
a broad range of industrial sectors especially whose 
production process is closely associated with traditional 
energies, internal resources allocation, resources 
misallocation will appear once their allocation deviates 
from the Pareto optimal state, and this misallocation may 
actually restrict corporate greenization improvement. 

The neoclassical growth theory emphasizes the role of 
capital in industrial sectors’ growth. Following studies 
further designed the context where technology progress 
and government involvement are lagging behind, and then 
mitigating resources restraint and pollutants emission was 
found to rely on the rise of resources allocation efficiency. 
For economies that carry out the strategy of giving priority 
to heavy-polluting sectors, they should invest more 
resources in technology progress. Meanwhile, the use 
efficiency of financial resources in heavy-polluting 
sectors is a key tool to achieve green economy growth. 

Above research expansions inspire to explore more 
correction paths targeting at possible conflicts between 
resources input and corporate greenization in order to 
reduce the unnecessary cost when corporate marginal 
output is uncertain. Thus R&D can be seen as an 
opportunity that guides corporate production to focus on 
environmental spheres. For this reason, we progress 
theoretical analysis based on the view of traditional 
economy theories to emphasize the bridge role of R&D to 
financial resource allocation and green production. 

2.2 The impact of financial resources allocation 
on green production 

Although there are few studies focusing on the direct 
relationship between financial resources allocations and 
green production, dealing with the cask effect of resources 

misallocation is a key concern for corporate green 
production. Inspired by recent literature that bridged 
productivity and internal capital volatility, it can be seen 
that their relationship needs dynamic adjustments. Prior 
studies analyzed how financial resources lead to business 
eco-innovation, and measured this resource by obtained 
funds, including corporate internal funds, government 
awards, capability of using/adjusting funds. Besides 
traditional profitability indicators, slack/scarce fund is 
also a key financial resource because it determines 
whether firms have extra capabilities to deal with spheres 
beyond main business. Inspired by and financial data of 
China’s energy sectors, we examine the impact of 
financial resources allocation from perspectives of asset 
management, shareholders equity, and tax structure 
because these indicators’ implications for corporate 
greenization may have a disparity. We will following 
explain attributions of each financial resource. 

2.2.1   The impact of asset allocation on green 
production. 

As green production is a key target of advanced operations 
management, and the process of achieving greenization 
needs to inevitably deal with asset use efficiency. For 
heavy-polluting sectors, they usually take lots of asset 
management pressures from their large operations scale, 
long-lasting responsibility they need to take for 
environmental management, and an urgent work for 
technology frontier expansion and energy system 
optimization. Meanwhile, heavy-polluting sectors need a 
priority of policy, asset, and other relevant resources to 
deal with risks that have an occurrence probability than 
non-heavy-polluting sectors. Therefore, green production 
that covers economic and environmental spheres may 
need a high-quality asset structure, and this paper arranges 
the asset impairment loss to describe the level of corporate 
asset allocation efficiency. Given a broad state-owned 
attribute of China’s energy sectors especially listed firms 
and dramatic volatility of asset-liability ratio in China’s 
state-owned firms, assets misallocation may hinder green 
production of China’s energy sectors. Thus we 
hypothesize: 

Hypothesis 1. The allocation of asset impairment loss 
is negatively associated with green production. 

2.2.2   The impact of shareholders equity allocation 
on green production. 

 
 Shareholders equity is also defined as net assets, and 
lower shareholders equity indicates a higher debt pressure. 
China’s government has identified the possible risks from 
the ratio of debt and shareholders equity in manufacturing 
sectors, and the debt as a kind of available funds is a 
leverage for coordinating cost and revenue. For bulk 
commodities that energy sectors usually generate, a 
certain debt can help expand reproduction, and thus 
accelerate commodity circulation with the aid of timely 
funds input. This paper designs the equity multiplier (the 
ratio of total asset to total shareholders equity) to reflect 
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the allocation efficiency of shareholders equity. Higher 
equity multiplier means a higher-level debt, i.e. higher 
asset-liability ratio. Given the pillar role of China’s energy 
sectors in promoting industrial economy, broader state-
owned attribute, and easier access to external credit, their 
equity multiplier may be positively associated with green 
production. Thus we hypothesize:  

Hypothesis 2. The allocation of equity multiplier is 
positively associated with green production 

2.2.3   The impact of tax structure allocation on green 
production.  

Different from internal financial resources allocation, 
firms also need to deal with challenges from external 
resources. Meanwhile, more policy tools are designed to 
inspire corporate initiatives in achieving greenization, e.g. 
taxation system and fiscal subsidy. One indicator 
describing corporate tax structure allocation is the ratio of 
tax paid to tax rebate, and how to set the broadly accepted 
schemes that dynamically adjust tax structure is often a 
challenge for governments. Accordingly, tax structure is 
also a kind of financial resources allocation dominated by 
governments while embodied in corporate capital flows. 
Our prior observations showed that environmental 
management of China’s manufacturing firms is being 
improved. Further given that tax paid is a way to show 
corporate image, the less disparity between tax paid and 
tax rebate in China’s energy sectors, and their elaboration 
on investing the rebated tax in green production, we infer 
that these sectors can bear the current gap between tax 
paid and tax rebate, and its structure may not be negatively 
associated with green production. Thus we hypothesize: 

Hypothesis 3. The allocation of tax paid versus tax 
rebate is positively associated with green production. 

2.3 How R&D input plays the moderating role? 

Few studies directly bridged financial resources allocation, 
R&D input, and green production, while some indirect 
evidence regarding the gradient of green operations 
suggests that developing this bridge is advisable. Research 
in past two decades showed that higher market-oriented 
allocation (i.e. lower market distortion) enhanced 
corporate innovation efficiency, thus influencing the 
“input-output” efficiency in industrial sectors/regions. 
Recent literature further suggested establishing the link of 
resources allocation, innovation efficiency, and 
production efficiency. Inspired by prior studies that 
established transmission paths from resources allocation 
to outputs via multiple intermediate links, we expand 
these paths to green production fields. Existing conceptual 
frameworks inspire to analyze the impact of financial 
resources allocation on corporate greenization, while 
when it comes to the effectiveness of financial resources, 
R&D/innovation factors may help reconcile their possible 
negative impacts on environmental spheres. Prior studies 
found that market-oriented sectors have obtained less 

R&D subsidies in China, and the role of fiscal subsidy is 
crowded out by corporate internal R&D input. It shows 
that China’s energy sectors that are largely dominated by 
state-owned shares with extensive pollutants emission 
need to invest more R&D resources based on both fiscal 
subsidy and their owned investment. Integrating our 
analysis on the relationship between financial resources 
allocation and green production as well as the increasing 
impact of R&D on corporate greenization, the possible 
moderation role of R&D input can be characterized as 
follows. Different levels of R&D input reflect corporate 
R&D preferences, and to address financial resources 
misallocation, firms can proactively adjust R&D input 
scale to reduce the possible negative impact of such 
misallocation on green production. As firms may 
encounter various levels of financial resources allocation, 
and insight from the resource-based view, R&D input that 
is closely relevant to economic outcome can be seen as a 
resource to help coordinate corporate overall greenization. 
Overall, the diverse governance structures of China’s 
firms may trigger a significant disparity of R&D roles in 
environmental spheres, but prior studies less observed 
how R&D mitigates the possible conflicts between 
financial resources misallocation and green production, i.e. 
less linking resources (mis)allocation and environmental 
spheres. Given a broad state-owned attribute of China’s 
energy sectors especially listed firms, inevitable 
monopoly/ oligopoly structures enhance the role of R&D 
in competitive edges. In this case, sustainable R&D inputs 
may help firms to address existing dilemmas. Based on 
above discussions about our key variables, we 
hypothesize: 

Hypothesis 4. R&D input improves the impact of 
financial resources allocation on green production. 

2.4 The theoretical model 

We arrive at a model by drawing together essential 
components of theoretical development so far as Figure. 1. 
Guided by this conceptual framework, our empirical 
results will show how the allocation of different financial 
resources can evolve into green production via R&D input 

Figure 1. The conceptual model 
 
 

E3S Web of Conferences 23 6 , 02013 (2021)
ICERSD 2020

https://doi.org/10.1051/e3sconf/202123602013

3



 

3 Methodology 

3.1 Data 

We investigate China’s listed energy firms whose basic 
profiles are acquired from Shanghai Stock Exchange and 
Shenzhen Stock Exchange, and 143 firms whose main 
business belong to energy sectors are observed. Given the 
availability and integrity of our data, we finally organize 
254 firm-year observations spanned from 2010 to 
2018.With respect to data source, following variables are 
surveyed from CSR reports: the level of green production, 
and whether firm publishing social responsibility 
information following the Sustainability Reporting 
Guideline compiled by Global Reporting Initiative 
(GRI3.1 version) or the Environment, Social, and 
Governance Index compiled by Stock Exchange of Hong 
Kong Exchange Ltd.(ESG). Further, following variables 
are surveyed from corporate annual reports: total staff, 
whether annual report audited by international certified 
accounting firms, asset allocation efficiency, shareholders 
equity allocation, tax structure allocation, R&D 
funds/personnel input. What’s more, corporate listed age 
and headquarters’ location are surveyed from 
http://www.eastmoney.com/ that is a professional 
financial website recording basic profiles and stock 
market quotation of China’s firms. 

3.2 Variables 

Dependent variable: The level of green production is our 
dependent variable measured following the Global 
Reporting Initiative (GRI3.1 version). With respect to 
green production, GRI3.1 version designs environmental 
performance evaluation system that covers 30 indicators 
(17 core indicators and 13 additional indicators). Based on 
the introduction for each indicator by GRI3.1 version, it 
can be seen that EN1-EN2(Materials consumption), EN3-
EN7(energy-saving), EN8-EN10 (water-saving), EN16-
EN25(pollutant control), and EN26-EN27(cleaner 
products/services) involve features of green production. 
Thus we measure it following these 22 indicators. We use 
the Content Analysis Method to quantify the level of green 
production based on relevant information from CSR 
reports, i.e. surveying whether our samples well engage in 
above 22 indicators relevant to green production. 

Independent variables: We arrange the ratio of asset 
impairment loss to total assets (%) as first independent 
variable to describe asset allocation efficiency, and the 
equity multiplier as second independent variable to 
describe shareholders equity allocation efficiency. 
Inspired by prior studies on CSR and the actual 
government incentive in China, we arrange the ratio of tax 
paid and tax rebate as third independent variable to 
describe tax structure allocation efficiency. 

Moderating variables: We examine the moderating 
roles of both R&D funds input and R&D personnel input 
to show the robustness of their inputs. We measure R&D 
funds input by the ratio of R&D funds to operation 
revenue (%), and measure R&D personnel input by the 
ratio of R&D personnel to corporate total staff (%). 

Control variables: We design following control 
variables that influence the level of independent, 
moderating, and dependent variables as well as their 
linkages based on prior studies, in order to consolidate our 
empirical results to truly show the role of antecedent 
variables of green production. (1) Corporate size(SIZE). 
We use the total number of staff to describe corporate size. 
(2) Corporate listed age(AGE). We define the age when 
one firm being listed as 1, the next year as 2, and on the 
analogy of this. (3) Corporate headquarter location(LOC). 
(4) Whether publishing green production information 
based on GRI3.1 version/ESG or not(GRI/ESG). These 
two guidelines both introduce how to collect data relevant 
to institutions’ sustainability, and CSR reports that are 
compiled following GRI 3.1 version/ESG often show a 
clear logic structure with well-reported contents. Thus 
such reports may show top management’s strong desires 
in corporate sustainability spheres. (5) Hiring 
international certified accounting firms to audit annual 
reports or not(IA). This hire does not completely indicate 
a high-quality annual report or impressive green 
production, while these accounting firms’ global 
reputation may reduce the false of audited performance. 
Therefore, we survey whether following accounting firms 
were hired, i.e. Deloitte & Touche, Pricewaterhouse 
Coopers, Ernst & Young, and KMPG. 

Table 1 shows the overview of all variables, including 
definitions and statistical data. Overall, Table 1 shows that 
China’s energy sectors are experiencing a challenge in 
allocation efficiency of debt and tax structures, with a 
great disparity of R&D input structure as well. 

Table 1. The overview of variables(N=254)

 
Note: GP (green production); AA (asset allocation); SEA 
(shareholders equity allocation); TSA (tax structure allocation); 
RDFI (R&D funds input); RDPI (R&D personnel input), with 
the same as following Tables. 
 

3.3 Data processing 

Different measuring units of variables suggest 
standardizing raw data to make their distribution 
centralized, which can help reduce the negative 
interference of few outliers on empirical results. Further, 
we separately examine the moderating role of R&D funds 
and R&D personnel inputs to verify the robustness of 
R&D. 

We firstly develop the robustness test for all variables 
to show what extent green production is robustly 
explained by antecedent variables. To achieve it, we use 
OLS estimation model, Fixed Effect model, and Random 

Variables Definitions Min. Max. Mean S.D.
GP Green	production	performance	measured	following	GRI3.1	version   24.0   52.0   34.27    6.33

SIZE Total	staff,	including	all	parent	and	subsidiary	firms  173.0 476223.0 21410.07 37151.8

AGE
The	time	length	of	firm	listing	in	Shanghai	or	Shenzhen	Stock
Exchange(year)

   1.0   26.0   14.36    5.5

LOC
Eastern	province/municipality(developed)=1;	Non‐eastern
region(less‐developed)=0

   0.0    1.0    0.63    0.48

GRI/ESG Organizing	SO	following	GRI3.1	version/ESG=1;	otherwise=0    0.0    1.0    0.47    0.5

IA Hiring	international	certified	accounting	frim=1;	otherwise=0    0.0    1.0    0.19    0.39
AA The	ratio	of	asset	impairment	loss	to	total	assets(%) -   0.5    7.62    0.47    0.82
SEA The	equity	multiplier    1.1    8.82    2.42    1.01
TSA The	ratio	of	tax	paid	and	tax	rebate -  23.05 13024.24  382.64 1334.12
RDFI The	ratio	of	R&D	funds	to	operation	revenue(%)    0.01    6.06    0.84    1.25
RDPI The	ratio	of	R&D	personnel	to	total	staff	of	firms(%)    0.11   52.46   10.19    9.29
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Effect model to examine the causality in groups of both 
R&D input indicators as moderating variables, and we 
find that these testing methods show a similar causality 
trend. What’s more, as general OLS estimation cannot 
well deal with the possible unobserved heterogeneity of 
panel data caused by time-and-individual disparity, we 
compare the applicability of Fixed Effect and Random 
Effect models. Through Hausman test, Random Effect 
model is more applicable to both R&D inputs indicators 
as Table 3 and Table 4. Therefore, we design following 
measuring models. 
𝑌௜௧ ൌ 𝛼 ൅ 𝛽ଵ𝐶௜௧ ൅ 𝛽ଶ𝑋௜௧ ൅ 𝛽ଷ𝑀ଵ௜௧ ൅ 𝛽ସ𝑋௜௧𝑀ଵ௜௧ ൅ 𝜀௜௧ 

                 
(1) 

    𝑌௜௧ ൌ 𝛼 ൅ 𝛽ଵ𝐶௜௧ ൅ 𝛽ଶ𝑋௜௧ ൅ 𝛽ଷ𝑀ଶ௜௧ ൅ 𝛽ସ𝑋௜௧𝑀ଶ௜௧ ൅

𝜀௜௧                                                                                   (2) 

where  X୧୲  indicates independent variables. Mଵ୧୲  is R&D 
funds input, and Mଶ୧୲ is R&D personnel input.  C୧୲ 
indicates control variables. Further, α is the constant term, 
and  ε୧୲ is the random error term. i  is the firm-level 
observation ( i =1…254), and t  is the time-level 
observation (t=2010…2018). We decompose Equation (1) 
and Equation(2) into 4 testing steps and then examine the 
impact of  C୧୲ ,  C୧୲ ൅ X୧୲ ,  C୧୲ ൅ X୧୲ ൅ M୧୲ , and  C୧୲ ൅ X୧୲ ൅
M୧୲ ൅ X୧୲M୧୲ on Y୧୲, respectively. 

4 Results 

4.1 Correlation analysis 

Table 2 shows that energy firms with more staff, more 
economically-developed geographical location, using 
GRI3.1/ESG, or hiring international certified accounting 
firms can better engage in green production. Further, firms’ 
higher equity multiplier or higher ratio of tax paid to tax 

 
Table 2. Correlation coefficients (Spearman coefficients, 

N=254)

 
Note: *p≤0.10(Two-tailed), **p≤0.05(Two-tailed), 
***p≤0.01(Two-tailed), with the same as following Tables. 

 rebate also better engage in green production. While 
both R&D funds input and R&D personnel input are 
negatively associated with green production, which 
preliminarily indicates that the rise of green production 
performance does not strongly rely on R&D input at 
present. What’s more, there is a significant correlation 
between R&D input indicators, while their correlation 
coefficient is not very high (0.104), which indicates that 
different R&D input indicators may not harmoniously 
alter in China’s energy sectors. On one hand, many R&D 
indicators may influence corporate whole operations in a 
variety of ways. On the other hand, it inspires to examine 
whether different R&D profiles can always play robust 
roles in the targeted performance. Following, we examine 
variables’ causality to verify our hypotheses. 

4.2  Empirical results 

Table 3 and Table 4 show the impact of financial resources 
allocation on green production with moderating roles of 
R&D funds input and R&D personnel input, respectively. 
Values of R2 in both Tables show that with the addition 
of variables in econometric models, the change of green 
production is better explained. 

Since it is usually assumed that the disturbance terms 
of different observed group are mutually independent in 
the panel data, we further estimate the cluster robust 
standard errors of each variable at the year-level to show 
the spatial correlations of error terms. Table 3 and Table 4 
both show the small cluster robust standard errors, i.e. a 
centralized data distribution. Further, we organize some 
empirical tests to verify our data quality. First, D.W. test 
is developed to show the serial correlation of variables 
with a finding that all D.W. values are around 2, which 
indicates that the residual of variables obeys a normal 
distribution. Second, Chi-square test is also developed to 
measure deviation degrees between actual observation 
and theoretical inference of our data, and asymptotic 
significance shows that it has almost no deviation between 
variables’ observed and theoretical values, i.e. unbiased 
prediction for variables’ function. Third, Hausman test is 
developed to verify the existence of endogeneity in our 
data with a finding that the value of Prob>chi2 of each 
model approaches 0, which shows a non-endogeneity of 
variables. These pre-tests intensify our data’s quality and 
robustness of causality among variables. 
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Table 3. Empirical results with R&D funds input’s moderating 
role (N=254) 

Note: Robust standard errors in parentheses are cluster standard 
errors at the year-level with the same as Table 4. 

Table 4. Empirical results with R&D personnel input’s 
moderating role (N=254) 

Empirical results show that SIZE, LOC, and GRI/ESG 
can significantly improve green production no matter 
whether considering the involvement of other variables 
with their marginal effects within 37.66%~39.23%, 
23.84%~29.52%, and 27.60%~29.70%, respectively. 
Their marginal coefficients indicate that corporate size, 
geographical location, and the acceptability of 
international sustainable development standards can 
strongly lead green production of China’s energy sectors. 
While hiring international certified accounting firms has 
not inspired these sectors to better focus on greenization, 
which is different from the influence trend of correlation 
analysis and our prior observations that for the whole 
manufacturing sectors, internationalized audit can help 
improve their sustainability. Further, the marginal 
coefficients of AGE show that young firms are focusing 
more on green production while with no statistical 
significance. What’s more, the role of LOC indicates a 
positive relationship between region economy and 
corporate sustainability in China.  

All of current financial resources allocation status has 
positive impacts on green production, while marginal 
coefficients of SEA and TSA are statistically significant 
as Model 2, which verifies Hypothesis 2 and Hypothesis 
3. Considering the feature of China’s economy status and 
energy sectors, these results reveal that higher equity 
multiplier (i.e. higher asset-liability ratio) can help energy 
firms organize more funds in the broader spheres, and it 
also implies that such external debt as a kind of available 

resource can play an inspiring role in corporate 
sustainability, especially helping addressing problems out 
of business operations. Therefore, to China’s energy 
sectors that have a large business scale and need to take 
on more environmental governance tasks compared with 
other sectors, external funds from diverse financing 
channels can help mitigate internal financial pressure and 
thus make it possible for more sustainable cash flows. 
Further, the positive impact of the ratio of tax paid to tax 
rebate suggests that current tax structure has not seriously 
discourage the enthusiasm of China’s energy sectors to 
pursue sustainability. 

With respect to the role of R&D, although there exists 
a lower correlation coefficient between these two R&D 
input indicators, results in Table 3 and Table 4 suggest the 
robust role of different kinds of R&D inputs. On the one 
hand, both R&D funds input and R&D personnel input do 
not inspire green production. It may be because of the 
lower scale of R&D inputs. For energy sectors, they need 
the cumulative R&D capability to deal with their reliance 
on traditional energies and future energy price rise. In this 
regard, both R&D input indicators are at a low level as 
Table 1. Accordingly, the current R&D input scale may be 
hard to provide solid backings for greenization of China’s 
energy sectors. 

On the other hand, Model 4 of Table3 and Table 4 
describes following pictures regarding the moderating 
role of R&D input. First, both R&D input indicators can 
help mitigate the allocation pressure of asset, shareholders 
equity, and tax structure. Specifically, compared with 
marginal coefficients of financial resources allocation in 
Model 2, the involvement of R&D input indicators make 
these coefficients turn from positive to negative as a whole 
as Model 4. R&D input allows China’s energy sectors 
China’s energy sectors to reduce asset impairment loss 
and external debt, and it also suggests government to 
narrow the gap between tax paid and tax rebate. Overall, 
the involvement of R&D input gives a broader space for 
China’s energy sectors in adjusting previous financial 
resources allocation. What’s more, R&D input enhances 
financial resources’ anti- risk capability, and relevant 
policy implications in terms of tax relief are also in line 
with the advocacy of China’s government that encourages 
heavy-polluting sectors to march towards the advanced 
manufacturing. Overall, these two R&D input indicators 
both help release the allocation pressure of all three 
financial resources, and thus provide a more flexible way 
to deal with financial crisis. 

The comparative analysis between these two R&D 
input indicators consolidates the robustness of different 
R&D behaviors in harmonizing finance and sustainability 
spheres in China’s heavy-polluting sectors, with the 
following key findings. First, the current R&D input 
structure is not very reasonable, and relevant indicators do 
not have a positive impact on green production. Second, 
different R&D input modes may play a similar role in 
China’s energy sectors, which indicates that these sectors 
establish an overall planning for R&D activities. 
Accordingly, their R&D activities may be concurrently 
improved. Our robustness analysis indicates the 
prominent role of R&D input in improving the 
relationship between financial resources allocation and 

Variables Model 1 Model 2 Model 3 Model 4

Constant -2.71e-09***(0.022) -3.40e-09***(0.023) -2.80e-09***(0.021) -2.90e-09***(0.024)
SIZE 0.392***(0.146) 0.377***(0.133) 0.380***(0.138) 0.378***(0.139)
AGE -0.005(0.039) -0.003(.036) -0.036(0.030) -0.021(0.032)
LOC 0.238***(0.027) 0.279***(0.032) 0.282***(0.032) 0.295***(0.032)
GRI/ESG 0.297***(0.023) 0.280***(0.029) 0.276***(0.029) 0.278***(0.027)
IA -0.119**(0.018) -0.113**(0.022) -0.132**(0.021) -0.135**(0.020)
AA 0.019(0.030) 0.030(0.027) 0.093(0.044)
SEA 0.106**(0.065) 0.075**(0.065) 0.079(0.061)
TSA 0.153***(0.027) 0.150***(0.031) 0.052(0.047)
RDFI -.0123**(0.046) -0.029(0.079)
AARDFI -0.127(0.067)
SEARDFI -0.054(0.092)
TSARDFI 0.139*(0.066)
Year(Firm) Controlled Controlled Controlled Controlled
R 2 0.343 0.378 0.387 0.403
Wald chi 2 129.20*** 146.16*** 153.90*** 162.51***
D.W. 1.866 1.841 1.862 1.902

Variables Model 1 Model 2 Model 3 Model 4
Constant -2.71e-09***(0.022) -3.40e-09***(0.023) -4.05e-09***(0.029) -4.01e-09***(0.029)
SIZE 0.392***(0.146) 0.377***(0.133) 0.359***(0.127) 0.360***(0.128)
AGE -0.005(0.039) -0.003(.036) -0.009(0.040) -0.012(0.036)
LOC 0.238***(0.027) 0.279***(0.032) 0.295***(0.033) 0.296***(0.035)
GRI/ESG 0.297***(0.023) 0.280***(0.029) 0.273***(0.029) 0.272***(0.030)
IA -0.119**(0.018) -0.113**(0.022) -0.088**(0.014) -0.086***(0.030)
AA 0.019(0.030) 0.012(0.031) 0.055(0.071)
SEA 0.106**(0.065) 0.104*(0.065) 0.111(0.120)
TSA 0.153***(0.027) 0.153***(0.031) 0.158**(0.040)
RDPI -0.108**(0.036) -0.072(0.183)
AARDPI -0.053(0.088)
SEARDPI -0.017(0.191)
TSARDPI -0.007(0.032)
Year(Firm) Controlled Controlled Controlled Controlled
R 2 0.343 0.378 0.384 0.385
Wald	chi 2 129.20*** 146.16*** 152.17*** 150.77***
D.W. 1.866 1.841 1.86 1.858
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green production, and the role different kinds of financial 
resources can be improved. Therefore, Hypothesis 4 is 
verified. 

5. Conclusion 

This paper clarifies the impact of financial resources 
allocation on green production in the moderating role of 
R&D input in China’s energy sectors. We find that 
corporate R&D input is still at a low level, and it has not 
improved green production. While R&D input helps 
release the allocation pressure of financial resources in 
green production, and such moderating roles show a 
robustness in different kinds of R&D inputs. Our findings 
suggest exploring more systematic transmission paths 
between production factors allocation and corporate 
greenization to deal with possible less-efficient 
allocations as a cask effect of corporate greenization, 
especially in heavy-polluting sectors that need to take 
initiative for environmental management. 
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