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Effect of input servitization on carbon emission reduction: evidence from 1 

china’s manufacturing industry 2 

 3 

Abstract: As a new form of industry that integrates manufacturing and service, manufacturing 4 

servitization is not only conducive to high-quality economic development, but also has a positive 5 

effect on reducing carbon emissions. Using panel data of 30 provincial sub-sectors in China, this 6 

study systematically investigates the effect of manufacturing input servitization on carbon emission 7 

reduction. The results showed that input servitization can reduce carbon emissions. Concerning the 8 

regional heterogeneity, input servitization plays a relatively more important role in China’s central 9 

region. Concerning the industrial heterogeneity, the carbon reduction effect of input servitization 10 

in pollution-intensive manufacturing sectors is greater than in non-pollution sectors. Furthermore, 11 

the mediating test demonstrates that input servitization reduces carbon emissions by improving 12 

technological innovation and optimizing the structure, while technological innovation is more 13 

effective in achieving carbon emission reduction. These conclusions show that improving the input 14 

servitization level of the manufacturing industry is feasible to coordinating the development of the 15 

manufacturing industry and the attaining the goals of China’s carbon emission reduction. 16 

Key words: manufacturing servitization; carbon emission reduction; input-output; industrial 17 

transformation 18 

  19 



1. Introduction 20 

The world economy is rapidly transforming from industry- to service-oriented. China is also 21 

gradually shifting from a crude development model that pursues scale and speed to a connotative 22 

development model that pursues structural optimization and environmental friendliness. Although 23 

there is a global trend toward servitization and decarbonization of the economy, many countries 24 

have not shaken off their high dependence on energy for GDP growth. For instance, China, the 25 

world's second largest economy, needs to consume large amounts of fossil energy to stimulate 26 

economic growth, in which large amounts of carbon dioxide are emitted into the environment. In 27 

the face of the increasingly serious energy situation and environmental problems, 178 nations 28 

signed the Paris Agreement in 2016, aiming to limit the increase in global average temperature to 29 

less than 2°C compared to the pre-industrial period.  30 

China, as one of the members of the Paris Agreement, has pledged to reduce its carbon emission 31 

intensity by 60–65% by 2030 compared to 2005. The Chinese government has introduced many 32 

policies to promote energy conservation and carbon emission reduction. In the 13th Five-Year Plan, 33 

China set the goal of reducing energy consumption and carbon emissions, and in the 14th Five-34 

Year Plan, China proposed to continuously improve environmental quality and accelerate the green 35 

transformation of its economic development. However, the actual effect of these policies on carbon 36 

emission reduction has not been satisfactory. According to the Statistical Review of World Energy 37 

2021 published by BP, China is still the world's largest carbon emitter in 2020, contributing 30.9% 38 

of global emissions. With a high energy consumption and low efficiency development model, it is 39 

a daunting task to achieve the “double carbon” goals of carbon peak by 2030 and carbon neutrality 40 

by 2060. Therefore, overcoming the dilemma of economic growth and environmental quality 41 



improvement and finding new paths for green transformation have become urgent issues for China. 42 

As a new form of industry that integrates manufacturing and service, manufacturing servitization 43 

is an important development model for upgrading the manufacturing industry. In the context of a 44 

global service-based economy, Vandermerwe and Rada (1988) first used the term “business 45 

servitization” in 1988, which means that enterprises no longer solely supply products, but offer the 46 

market a combined bundle or package of products and services. To meet the increasing demand of 47 

consumers and the globalization of markets, many manufacturing companies are shifting from pure 48 

manufacturing to integration of products and services (Matthyssens and Vandenbempt, 1998). 49 

Reiskin et al. (1999) further expanded the concept of manufacturing servitization by arguing that 50 

all participants in the value chain can achieve a higher value through manufacturing servitization. 51 

Currently, most research on manufacturing servitization has focused on its economic effects. 52 

Manufacturing servitization has been found to have significant advantages in upgrading China’s 53 

value chain (Liu et al., 2016) and increasing the domestic value added in exports (Xu et al., 2017). 54 

Manufacturing servitization is also seen as a sustainable business strategy at the global level (Mont, 55 

2002). Manufacturing in Europe is shifting from production to service orientation, and servitization 56 

helps European manufacturing firms maintain and expand their competitive advantages (Lay et al., 57 

2010). A study analyzing data from global listed companies also shows that the larger the company, 58 

the higher the possibilities of the company to increase its level of manufacturing servitization 59 

(Neely, 2008). 60 

In recent years, scholars have found that factors such as energy structure, industrial sector (Dong 61 

et al., 2018), capital stock (Sung et al., 2018), FDI (Yang et al., 2021), urbanization (Khan and Su, 62 

2021) and GVC (Zhu et al., 2021) influence carbon emissions. Scholars have also considered if 63 



manufacturing servitization, as an important factor closely related to the above, has environmental 64 

effects. From the perspective of input servitization, service factors are cleaner and consume lower 65 

energy than energy factors such as coal and natural gas. Therefore, by reducing the proportion of 66 

physical inputs in the production process, the energy consumption is reduced, generating a wide 67 

environmental benefit (Rothenberg, 2007). In addition, improvements in technological innovation 68 

and resource efficiency, which are derived from servitization transformation (Doni et al., 2019; Zhu 69 

et al., 2020), are also considered to have positive environmental effects to some extent. 70 

Our contribution to the literature is as follows. First, we investigate the influence of input 71 

servitization on carbon emission reduction, covering the shortage in the current research on the 72 

environmental effects of manufacturing servitization, and provide a new perspective for advancing 73 

green development. Second, we consider the effects of technological innovation and structural 74 

optimization on carbon emission reduction due to input servitization and explore the direction and 75 

magnitude of the mediating mechanism. Third, we match the data of China’s provincial industries 76 

with the WIOD database and construct three-dimensional dynamic panel data from 2003 to 2011, 77 

which provides a more reliable identification basis for the empirical study. 78 

The remainder of the article is organized as follows: In Section 2, we analyze the status of the 79 

input servitization of manufacturing industries and carbon emissions in China. In Section 3, we 80 

present the theoretical framework and propose the hypotheses. In Section 4, we design an 81 

econometric model and describe the data source. In Section 5, we report and discuss the empirical 82 

results and conduct some tests. In Section 6, we present the conclusions and policy suggestions. 83 

2. Status analysis of China’s manufacturing servitization and carbon emissions 84 

Before theoretically deriving and empirically testing the effect of input servitization on carbon 85 



emission reduction, this study qualitatively describes and analyzes the status of manufacturing’s 86 

carbon emissions and input servitization in China during 2000-2014, showing the dynamic 87 

evolution and correlation between them. 88 

2.1 Trends in carbon emissions of China’s manufacturing industry 89 

In previous literature, scholars have used indicators such as carbon intensity or carbon emission 90 

index to measure carbon emissions. To more intuitively show the incremental trend of carbon 91 

emissions from all manufacturing sectors in China during 2000–2014, this study uses total carbon 92 

emissions as an observation indicator, with data being obtained from the CEADs database1 . 93 

Meanwhile, to better distinguish the regional differences in manufacturing industries’ carbon 94 

emissions, this study divides the 30 provinces into four regions—eastern, central, western, and 95 

northeastern—based on the latest regional classification by the National Bureau of Statistics of 96 

China2.  97 

As shown in Figure 1, the total manufacturing industry’s carbon emissions in China generally 98 

showed an accelerated growth trend from 2000 to 2010. There was a brief slowdown in 2005, but 99 

the wave of infrastructure development caused by the financial crisis in 2008 once again increased 100 

the total carbon emissions. The year 2011 witnessed an important inflection point in China’s 101 

manufacturing carbon emissions, and the overall increase in amplitude leveled off, and the 102 

emissions stagnated at a similar level from 2011 to 2014. 103 

                             
1 The CEADs database, supported by several institutions including the National Natural Resources Foundation of China, 
the Chinese Academy of Sciences, and the Newton Foundation, is jointly compiled by leading Chinese and foreign 
scholars. It provides an inventory of carbon emissions in China by province and industry. The data unit used in this 
article is metric tons (Mt). 
2 According to the standards of the National Bureau of Statistics of China, the eastern region includes 10 provinces: 
Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan; the central region 
includes 6 provinces: Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan; the western region includes 11 provinces: 
Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang; 
and the northeast region includes 3 provinces: Liaoning, Jilin and Heilongjiang. The data of Tibet, Hong Kong, Macao, 
and Taiwan are missing, so they are excluded from the analysis. 



Examining China’s manufacturing carbon emissions data by region reveals that the four regions 104 

show roughly the same trend as the national level. The eastern region of China has the highest 105 

carbon emissions among the four regions, which is significantly higher than the other three regions, 106 

and there is a certain degree of decreasing growth rate in the eastern region from 2005 to 2009.  107 

Before 2007, the overall manufacturing industries’ carbon emissions in the central and western 108 

regions did not differ significantly and showed a steady increase; in 2008 and the following years, 109 

the manufacturing industries’ carbon emissions in the western region became higher than those of 110 

the central region, and the gap between the two continued to widen. The central region showed an 111 

inflection point in 2011, while the western region slowed down its carbon emission growth rate in 112 

2012. The manufacturing industry’s carbon emissions in the northeastern region, which has always 113 

been at the bottom of the list due to the small number of provinces, showed a fluctuating upward 114 

trend from 2000 to 2010, and the growth rate dropped from 2011. 115 

To investigate the carbon emission status quo of different industries, this study selected five 116 

cross-sections of 2000, 2004, 2008, 2011, and 2014 to analyze the carbon emissions of 18 117 

manufacturing industries [ISIC Rev.4 is the International Standard Industrial Classification. c5 is 118 

manufacture of food products, beverages and tobacco products, c6 is manufacture of textiles, 119 

wearing apparel and leather products, c7 is manufacture of wood and of products of wood and cork, 120 

except furniture; manufacture of articles of straw and plaiting materials, c8 is manufacture of paper 121 

and paper products, c9 is printing and reproduction of recorded media, c10 is manufacture of coke 122 

and refined petroleum products, c11 is manufacture of chemicals and chemical products, c12 is the 123 

manufacture of basic pharmaceutical products and pharmaceutical preparations, c13 is manufacture 124 

of rubber and plastic products, c14 is manufacture of other non-metallic mineral products, c15 is 125 



manufacture of basic metals, c16 is manufacture of fabricated metal products, except machinery 126 

and equipment, c17 is manufacture of computer, electronic and optical products, c18 is manufacture 127 

of electrical equipment, c19 is manufacture of machinery and equipment n.e.c., c20 is manufacture 128 

of motor vehicles, trailers and semi-trailers, c21 is manufacture of other transport equipment, c22 129 

is manufacture of furniture; other manufacturing.]. As illustrated in Figure 2, there exists huge 130 

industrial heterogeneity of manufacturing carbon emission in China: c10 manufacture of coke and 131 

refined petroleum products, c11 manufacture of chemicals and chemical products, c14 manufacture 132 

of other non-metallic mineral products and c15 manufacture of basic metals emit a great amount 133 

of carbon emissions; c5 manufacture of food products, beverages and tobacco products, c6 134 

manufacture of textiles, wearing apparel, and leather products, c8 manufacture of paper and paper 135 

products, c13 manufacture of rubber and plastic products, and c19 manufacture of machinery and 136 

equipment n.e.c. also has a considerable amount of carbon emissions; c7 manufacture of wood and 137 

of products of wood and cork, except furniture; manufacture of articles of straw and plaiting 138 

materials, c9 printing and reproduction of recorded media, c12 manufacture of basic 139 

pharmaceutical products and pharmaceutical preparations, c16 manufacture of fabricated metal 140 

products, except machinery and equipment, c17 manufacture of computer, electronic and optical 141 

products, c18 manufacture of electrical equipment, c20 manufacture of motor vehicles, trailers, and 142 

semi-trailers, c21 manufacture of other transport equipment, and c22 manufacture of furniture; 143 

other manufacturing emit a small amount of carbon dioxide. 144 

Over time, the carbon emissions of most manufacturing industries showed an overall increasing 145 

trend during 2000–2014 and peaked in 2011, and the scale of carbon emissions shrank in 2014. 146 

Only c9 printing and reproduction of recorded media, c13 manufacture of rubber and plastic 147 



products, c14 manufacture of other non-metallic mineral products, and c15 manufacture of basic 148 

metals continue to have higher carbon emissions in 2014 than in 2011; however, the growth rate of 149 

carbon emissions in these industries has also decreased since 2011. 150 

2.2 A realistic observation of the input servitization level of China’s manufacturing industry 151 

In the previous literature, researchers have measured the level of input servitization by the 152 

complete consumption coefficient, service elements’ share in manufacturing exports, or the 153 

proportion of service revenues of micro firms. To better measure the input servitization level, we 154 

need to consider the direct consumption of service inputs and the indirect input relationships among 155 

different manufacturing sectors. Therefore, this study selects the complete consumption coefficient 156 

as the index of the input servitization level. The calculation formula of the index is as given below: 157 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛ℎ𝑖 = 𝑎ℎ𝑖 + ∑ 𝑎ℎ𝑘𝑎𝑘𝑖𝑛𝑘=1 + ∑ ∑ 𝑎ℎ𝑠𝑎𝑠𝑘𝑎𝑘𝑖𝑛𝑘=1𝑛𝑠=1 + 𝐿                  (1) 158 

where 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛ℎ𝑖 represents the input servitization level of manufacturing sector 𝑖, 𝑎ℎ𝑖 is 159 

the direct consumption coefficient of manufacturing sector 𝑖  to sector ℎ , ∑ 𝑎ℎ𝑘𝑎𝑘𝑖𝑛𝑘=1   and 160 ∑ ∑ 𝑎ℎ𝑠𝑎𝑠𝑘𝑎𝑘𝑖𝑛𝑘=1𝑛𝑠=1   denote the first and second rounds of indirect consumption, respectively. 161 

Data are taken from the 2016 version of the World Input-Output Tables of the WIOD database. 162 

Figure 3 reflects the general trend of the manufacturing input servitization level in China from 163 

2000 to 2014. In a horizontal comparison, the overall level of China’s manufacturing input 164 

servitization measured by the complete consumption coefficient is within the range of 40%–50%, 165 

which is lagging compared with the 70% level maintained in developed countries, and the overall 166 

level of China’s manufacturing input servitization measured by direct consumption coefficient is 167 

around 10%–12%. The above data show that there is still potential for development in the 168 

servitization transformation of China’s manufacturing industries. In the longitudinal comparison, 169 



the input servitization level of China’s manufacturing industry shows a trend of fluctuating growth. 170 

From 2000 to 2004, the manufacturing servitization level revealed a remarkable decline; from 2005 171 

to 2014, it displayed a fluctuating upward trend. 172 

Simultaneously, manufacturing servitization appears to have large industry heterogeneity, as 173 

shown in Figure 4. Manufacturing industries such as c17, c18, c19, and c20 have a higher 174 

servitization level, most of which use capital or technology as the main production input; industries 175 

such as c5, c10, and c22, inputting labor elements in chief, generally have a lower manufacturing 176 

servitization level, differing from the industries with the highest servitization level by about 20%. 177 

Pollution-intensive industries such as c10, c14, and c15 are in the middle and lower tiers of all 178 

manufacturing industries, and the input servitization level of non-pollution manufacturing 179 

industries is also uneven and varies significantly. 180 

3 Mechanism Analysis and Research Hypotheses 181 

Before the empirical analysis, this study proposes two mechanisms of how input servitization in 182 

the manufacturing industry reduces carbon emissions. 183 

3.1 Technological innovation effect 184 

At present, China has entered the era of a service-oriented economy, with the proportion of the 185 

service industry in GDP expanding every year; in addition, the manufacturing input servitization 186 

level has been increasing. China’s technological innovation at this stage has become an important 187 

carrier of the intelligent, green, and sustainable industries. Numerous studies have shown that 188 

technological innovation is the main contributor to energy efficiency improvement.  189 

This study finds that manufacturing input servitization can reduce carbon emissions through the 190 

technological innovation effect. In the production process of traditional manufacturing industries, 191 



production and supporting services are completed by one enterprise. This mode lacks specialization, 192 

because manufacturing enterprises must balance the simultaneous development of production and 193 

service. However, service inputs such as communication technology and information management 194 

can improve the production efficiency and access to information of manufacturers; services such 195 

as finance, insurance, and law can reduce the financing cost and avoid various risks that may exist 196 

in business; warehousing, logistics, and transportation can facilitate enterprises to reduce 197 

transportation costs and extend business areas. Therefore, if external services are introduced into 198 

the manufacturers, they can focus on the core production process, strengthen their technology, thus 199 

improving energy efficiency. 200 

Simultaneously, we note that the change in enterprises’ viewpoint on servitization and the 201 

intervention of new technologies can extend the life cycle of products, reduce the defective rate, 202 

decrease energy consumption per unit of output, and eventually reduce carbon emissions. In 203 

addition, by embedding service elements, such as intellectual capital, into the production chain, 204 

manufacturing enterprises can lead service elements to expand their technological innovation 205 

advantages and generate less carbon emissions under the same energy input. The spread of Internet 206 

information technology also allows manufacturing companies to portray their customers and 207 

produce customized products or directly provide services, such as product leasing. This will 208 

improve manufacturers’ inventory, avoid waste, and reduce CO2 emissions.  209 

According to many scholars’ studies, technological innovation has spillover properties. 210 

Therefore, the linkage between manufacturing enterprises will lead to the flow of service elements 211 

from one sector to another, which improves the manufacturing level of the inflow enterprises. This 212 

will expand the coverage of technology benefits, helping the entire manufacturing industry to 213 



achieve capacity breakthroughs, bringing a triple virtuous cycle of technological innovation, profit 214 

increase, and emission reduction. 215 

3.2 Structural optimization effect 216 

Manufacturing input servitization must be led by the company’s decision makers, who advocate 217 

the introduction of advanced concepts, knowledge and technology, thus promoting the 218 

reorganization of the company’s production and operation. Among manufacturing firms, this will 219 

achieve a renewal of the internal organizational structure and resource allocation of the enterprise. 220 

As the service elements have demonstrated more potential for green development, along with the 221 

reduction of physical, especially energy, input proportion in the total input, the overall input 222 

servitization level of the industry, has improved and the energy consumption has been reduced, 223 

which has led to a reduction in total carbon emissions with higher technology.  224 

This transformation and upgrading of services will lead to the concentration of service factors, 225 

and the substitution of service factors for energy factors will reduce the dependence of enterprises 226 

on energy, reduce energy consumption, and further optimize the input structure. This is a 227 

“disruptive” innovation, and this kind of production, which integrates physical and service 228 

elements, will have the effect of “1+1>2”, promoting the paradigm shift from pure physical 229 

production to a new mode with servitization input and output.  230 

The analysis reveals that the optimization of industrial structure is based on technological 231 

innovation, but its emphasis is more on the optimization of the internal structure of the enterprise, 232 

in terms of production process, personnel structure, and so on. The technological innovation effect 233 

emphasizes reducing carbon emissions through technology, while the structural optimization effect 234 

emphasizes the improved allocation of resources and improves energy efficiency. Structural 235 



optimization will also continue to produce a virtuous circle, further introducing more service 236 

elements to improve the servitization level and ultimately synergize with technological innovation 237 

on the carbon reduction effect.  238 

After analyzing the mechanisms by which manufacturing input servitization affects carbon 239 

emission reduction, we believe that it will have a suppressive effect on carbon emissions from two 240 

perspectives: technological innovation and structural optimization. Therefore, based on the slow 241 

growth rate of total carbon emissions in China in recent years and the overall incremental level of 242 

manufacturing’s input servitization, this study proposes the following two hypotheses:  243 

Hypothesis 1: Controlling for other conditions, input servitization of the manufacturing industry 244 

will have a significant carbon reduction effect. 245 

Hypothesis 2: Technological innovation and structural optimization resulting from 246 

manufacturing input servitization will have a dampening effect on carbon emissions, and the 247 

emission reduction intensity of the former is higher than that of the latter. 248 

4. Econometric model and preliminary analysis 249 

4.1 Econometric model and data source 250 

The following basic econometric formula is set up to investigate the impact of manufacturing 251 

input servitization on carbon emission reduction. 252 𝐶𝑎𝑟𝑏𝑜𝑛𝑝𝑖𝑡 = 𝛼0 + 𝛼1𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑝𝑖𝑡 + 𝜇𝑝 + 𝜇𝑖 + 𝜇𝑡 + 𝜇𝑝𝑖 + 𝜀𝑝𝑖𝑡        (2) 253 

where 𝐶𝑎𝑟𝑏𝑜𝑛𝑝𝑖𝑡  is the carbon emission of 𝑝  province’s 𝑖  industry in 𝑡  year, 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 254 

denotes the input servitization level of manufacturing industry 𝑖 in 𝑡 year; 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑝𝑖𝑡 represents 255 

the control variables, containing five variables that are closely related to the study; 𝜇𝑝, 𝜇𝑖 and 𝜇𝑡 256 

are the fixed effects of province, industry, and year, respectively; to better fix the industry and 257 



province, the interaction term of province and industry 𝜇𝑝𝑖 is included in this article; 𝜀𝑝𝑖𝑡 is the 258 

random error. 259 

The data source and processing of two core variables, carbon emission 𝐶𝑎𝑟𝑏𝑜𝑛𝑝𝑖𝑡  and input 260 

servitization level of manufacturing industry 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡, are described in Section 2 of this 261 

article. Meanwhile, the following core control variables are selected in this study: capital 262 

productivity 𝑘𝑝, energy price 𝑝𝑟𝑖𝑐𝑒, urbanization rate 𝑢𝑟𝑏𝑎𝑛, share of secondary industry 𝑖𝑠 and 263 

foreign direct investment 𝑓𝑑𝑖; in addition, an additional control variable is selected, that is, industry 264 

size 𝑠𝑖𝑧𝑒. To reduce heteroskedasticity, the foreign direct investment 𝑓𝑑𝑖 and industry size 𝑠𝑖𝑧𝑒 265 

are taken as logarithms. 266 

Capital productivity 𝑘𝑝  reflects the productivity of the manufacturing industry. Because 267 

manufacturing industries are mostly capital-intensive, we control for the effect of capital 268 

productivity on carbon emissions; the ratio of gross production to total assets for each 269 

manufacturing industry is used as a measure. The energy price 𝑝𝑟𝑖𝑐𝑒 is generally used to reflect 270 

the frequency of energy usage, which has a significant impact on the level of carbon emissions, 271 

measured by the ratio of the national purchasing price index of raw materials (PPIRM), which 272 

represents the cost of industrial energy use, to the product price index (PPI). The demand and 273 

structure of energy consumption and carbon emissions are influenced by urbanization. Thus, 274 

urbanization rate 𝑢𝑟𝑏𝑎𝑛 is chosen as the control variable in this study, which is measured by the 275 

proportion of urban population in the total population. Some scholars believe that the secondary 276 

industry is the main driver of CO2 emission growth. Thus, this study introduces the share of 277 

secondary industry 𝑖𝑠  as a control variable to control the impact of industry structure on CO2 278 

emissions. Foreign direct investment is considered to have a significant spillover effect on energy 279 



intensity and promotes carbon emission reduction. Therefore, this study also includes foreign direct 280 

investment 𝑓𝑑𝑖 as one of the control variables, which is measured by the actual amount of foreign 281 

investment used in each province in China. Industrial agglomeration will stimulate energy 282 

consumption to some extent and expand the industrial scale of the manufacturing industry, which 283 

will have a negative impact on the reduction of carbon emissions. Therefore, this study introduces 284 

an additional variable industry-scale 𝑠𝑖𝑧𝑒 in the robustness test to control the scale expansion effect, 285 

which is expressed as the logarithm of gross industrial production. 286 

Limited by the availability of data, this study selected 18 manufacturing data from 30 provinces 287 

in China for nine years from 2003 to 2011 to constitute the research sample. Carbon emission data 288 

are obtained from the CEADs database, which is supported by institutions, including the Chinese 289 

National Natural Science Foundation, the Chinese Academy of Sciences, and the Newton 290 

Foundation, and is jointly compiled by renowned Chinese and foreign scholars, providing an 291 

inventory of carbon emissions by province and industry in China. The raw data of input 292 

servitization were obtained from the 2016 version input-output table of the WIOD database, and 293 

the data related to the control variables were obtained from the China Statistical Yearbook. In 294 

addition, the WIOD database adopts the international classification standard ISIC Rev. 4, which is 295 

slightly different from China’s industry classification; therefore, this study successively compares 296 

China’s and international industry classification standards, and finally collates 18 manufacturing 297 

industries.  298 

4.2 Preliminary analysis 299 

Considering the prerequisites for econometric models, we begin with some preliminary analyses, 300 

including a statistical description and a correlation test for the main variables. Table 1 presents the 301 



overall situation of the sample. 302 

Table 2 presents the Pearson correlation coefficients. The independent variable input 303 

servitization has a significant negative correlation with the dependent variable carbon emission, 304 

with a correlation coefficient of -0.091, suggesting that multicollinearity was not an issue. This 305 

tentatively confirms the conjecture that the input servitization of the manufacturing industry 306 

reduces the carbon emissions. Capital productivity, energy price, secondary industry share, and 307 

foreign direct investment are significantly correlated with carbon emission at 1% level. The above 308 

correlation analysis reveals that input servitization may have a negative effect on carbon emissions. 309 

5. Empirical results and analysis  310 

5.1 Basic estimation results 311 

Table 3 reports the results of the basic empirical regressions. Column (1) shows the results of the 312 

OLS regression considering only the independent and dependent variables, and the coefficient of 313 

input servitization 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 is -15.557, which is significant at 1% level. This indicates that 314 

every 1% increase in the input servitization level over the sample period contributes to a decrease 315 

of about 0.15 units in carbon emissions. Column (2) shows the results of the model after controlling 316 

for province, industry, and year fixed effects, when the regression coefficients of 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 317 

increase, with no change in symbol or significance. Column (3) considers two control variables 318 

related to industry, and column (4) controls for a variety of variables at the industrial and regional 319 

levels, and the regression sign and significance are as expected. The results in column (4) show 320 

that, controlling for other variables, every 1% increase of manufacturing input servitization level 321 

in China will reduce carbon emissions by about 0.51 units, which tentatively indicates that 322 

manufacturing input servitization reduces carbon emissions. Consequently, Hypothesis 1 is 323 



supported. Therefore, we believe that the service transformation of manufacturing industry will 324 

contribute to the reduction of carbon emissions in China to a greater extent and play a more active 325 

role in protecting ecology and achieving green development.  326 

5.2 Endogeneity test and robustness test 327 

Based on previous studies, we argue that endogeneity may exist due to reverse causality. 328 

Therefore, in column (1) of Table 4, we select a one-period lag of the independent variable, 329 

complete consumption coefficient, as the instrumental variable, and perform two-stage least 330 

squares estimation. The results are significant at 1% level, indicating that the regression results 331 

remain robust after accounting for the potential endogeneity problem.  332 

To test the reliability of this study, in column (2), we use the direct consumption coefficient to 333 

replace the complete consumption coefficient as a measure of input servitization. The coefficient 334 

of this result is -82.003, revealing that the more a manufacturing sector directly consumes the 335 

products or services from the service sectors, the more the carbon emissions of this manufacturing 336 

sector will decrease, and each 1% increase in its servitization level will reduce the carbon emissions 337 

by 0.82 units. A possible reason for this phenomenon is that the complete consumption coefficient 338 

considers the increasing input servitization level due to linkage with other sectors. If the 339 

manufacturing sector increases the input servitization level, it will consume less energy and have a 340 

stronger emission reduction effect. In column (3), we include 𝑠𝑖𝑧𝑒 as an extra control variable, 341 

whose coefficient is similar to that of the basic regression with fixed effects, significant at 1% level, 342 

indicating that the results of the basic regression are robust and reliable. 343 

5.3 Regional heterogeneity test 344 

According to the previous literature, the servitization transformation of manufacturing 345 



enterprises has certain regional characteristics. Therefore, in this study, 30 provinces are classified 346 

into four regions, namely, eastern, central, western, and northeastern, to examine the regional 347 

heterogeneity of input servitization’s carbon emission reduction effects. Table 5 shows that the 348 

coefficients and significance of 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛  are consistent with the basic estimation results, 349 

indicating that the carbon reduction effect of input servitization does not change substantially 350 

depending on the region. However, by observing the coefficients, we find that the carbon reduction 351 

effect of manufacturing industry’s input servitization is most significant in the central region, 352 

followed by the northeastern and western regions, and weakest in the eastern region. 353 

The possible reasons are that the central region already has a foundation for servitization 354 

transformation, and the marginal effect of its service input is the strongest. Every time the 355 

manufacturing enterprises in the central region improve their input servitization level, they will 356 

achieve carbon emission reduction to a greater extent. The western and northeastern regions have 357 

weaker economic infrastructure, and their carbon emission reduction effect is not as obvious as that 358 

of the central region. The eastern region has been well developed, and its people and government 359 

focus on environmental protection; thus, the current manufacturing servitization level is high and 360 

the carbon emission amount is relatively small, and the marginal effect of manufacturing 361 

servitization is smaller than that of the other three regions. Thus, the effect of manufacturing input 362 

servitization on carbon emission reduction is closely related to the local economic base and degree 363 

of development. 364 

5.4 Industrial heterogeneity test 365 

To explore the carbon emission reduction effect of different industries, this article refers to the 366 

classification of pollution-intensive manufacturing industries by Lu (2009), and classifies c8, c9, 367 



c10, c11, c14, and c15 as pollution-intensive manufacturing industries and other industries as non-368 

pollution industries. 369 

The regression results show that the coefficients of pollution-intensive and non-pollution 370 

industries are both negative, indicating that input servitization can significantly reduce the carbon 371 

emissions of both types of manufacturing industries. Comparing the coefficient values, we find that 372 

the coefficient of input servitization in pollution-intensive industries is -140.866, while that of non-373 

pollution industries is -12.435. This indicates that servitization brings a stronger carbon emission 374 

reduction effect on heavily polluting manufacturing industries and a weaker effect on lightly 375 

polluting manufacturers. A possible reason is that pollution-intensive manufacturing can more 376 

easily replace the energy inputs in production, while non-pollution manufacturing contains many 377 

labor-intensive industries, which make it more difficult to replace labor inputs in the production 378 

process. Therefore, for China, which is in a period of economic transformation and upgrading, 379 

achieving a higher level of input servitization in the pollution-intensive manufacturing sectors will 380 

have a more rapid carbon reduction effect. 381 

5.5 Mediating effect test 382 

In the preceding mechanism analysis, this study highlights two possible ways in which input 383 

servitization affects carbon emission reduction in manufacturing industries: the technological 384 

innovation effect and the structural optimization effect, both of which will negatively affect carbon 385 

emissions. The following mediating effect formulas are constructed to analyze the transmission 386 

mechanism of the carbon emission reduction effect of input servitization: 387 𝐶𝑎𝑟𝑏𝑜𝑛𝑝𝑖𝑡 = 𝛼 + 𝛽1𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑝𝑖𝑡 + 𝜇𝑝 + 𝜇𝑖 + 𝜇𝑡 + 𝜇𝑝𝑖 + 𝜀𝑝𝑖𝑡           (3) 388 𝑀𝑝𝑖𝑡 = 𝜑 + 𝛽2𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑝𝑖𝑡 + 𝜇𝑝 + 𝜇𝑖 + 𝜇𝑡 + 𝜇𝑝𝑖 + 𝜀𝑝𝑖𝑡                (4) 389 



𝐶𝑎𝑟𝑏𝑜𝑛𝑝𝑖𝑡 = 𝛿 + 𝛽3𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽4𝑀𝑝𝑖𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑝𝑖𝑡 + 𝜇𝑝 + 𝜇𝑖 + 𝜇𝑡 + 𝜇𝑝𝑖 + 𝜀𝑝𝑖𝑡 (5) 390 

where 𝑀𝑝𝑖𝑡  is the mediating variable, that is, technological innovation and structural 391 

optimization. The measures and meanings of the two mediating variables are as follows:  392 

(1) Technological innovation. Unlike the number of patent inventions and R&D costs, total factor 393 

productivity 𝑡𝑓𝑝  is widely used as a measure of technological innovation. The measure of this 394 

variable draws on the approach of Xu and Wang (2016), which uses the following estimating 395 

equation to calculate the approximate figure of total factor productivity 𝑡𝑓𝑝: 396 𝑡𝑓𝑝 = ln (𝑦𝑙 ) − 𝑠 ∗ ln(𝑘𝑙 )                                                      (6) 397 

where 𝑦 is the industrial value added of the manufacturing industry, which is substituted by the 398 

gross industrial output due to missing data, 𝑘 is the total assets of the industry, 𝑙 is the average 399 

annual number of employees, and 𝑠 represents the contribution of capital in the production, which 400 

is set to 1/3.  401 

(2) Structural optimization. Capital and labor are the most important production factors in the 402 

manufacturing production process, and industries with high levels of input servitization mostly 403 

adopt intellectual capital and information technology as capital inputs. Therefore, in the process of 404 

production and operation, the intensity of capital input affects the input servitization level of the 405 

manufacturing industry. Eventually, the relevant manufacturing industries will incorporate more 406 

capital elements and reduce the demand for ordinary labor. Referring to Zhu et al. (2020), the 407 

capital-labor ratio is used to measure the degree of structural optimization. In this study, we 408 

calculated the year-on-year growth rate of 𝑡𝑓𝑝  and 𝑘𝑙𝑟𝑎𝑡𝑖𝑜  to measure their effects on carbon 409 

emission reduction.  410 

Table 7 reports the results of the mediating effects. Column (1) of Table 7 corresponds to 411 



equation (3) and is consistent with the results in column (4) of Table 3. Columns (2) and (3) of 412 

Table 7 demonstrate the 𝑡𝑓𝑝_𝑔𝑟 results of equation (4) and (5). In column (2), the coefficient of 413 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛  is 0.423, which is significant at 1% level, indicating that manufacturing input 414 

servitization can drive technological innovation. In column (3), the coefficient of 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 415 

and 𝑡𝑓𝑝_𝑔𝑟 are both negative, revealing that technological innovation has a mediating effect on the 416 

carbon emission reduction of manufacturing input servitization. Servitization reduces the waste of 417 

energy and improves energy efficiency through technological innovation, while the spillover effect 418 

of technology results in the servitization of one certain manufacturing industry covering more 419 

industries and pushes the transformation of manufacturing industries to servitization. 420 

Columns (4) and (5) of Table 7 show the 𝑘𝑙𝑟𝑎𝑡𝑖𝑜_𝑔𝑟 results of equations (4) and (5) when used 421 

as a mediating variable. In column (4), the coefficient of 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 is 0.229, significant at 1% 422 

level, indicating that input servitization can optimize the structure. In column (5), the coefficients 423 

of 𝑆𝑒𝑟𝑣𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛  and 𝑘𝑙𝑟𝑎𝑡𝑖𝑜_𝑔𝑟  are both negative, indicating that structural optimization is a 424 

mediating channel for the carbon emission reduction effect of manufacturing input servitization. 425 

After the integration of manufacturing and service elements, the inclusion of intellectual capital, 426 

financial services, transportation, and information management in service products is conducive to 427 

the innovation of production patterns and personnel structure, which improves the resource 428 

allocation efficiency and thus reduces carbon emissions. The mediating effects of technological 429 

innovation and structural optimization are calculated to be -3.0401 and -2.4585, respectively, and 430 

the shares of the mediating effects in the total effect are 5.94% and 4.81%3, respectively. Comparing 431 

                             
3 Mediating effect =𝛽2 × 𝛽4. The weight of mediating effect in total effect = 𝛽2 × 𝛽4/𝛽1. Comparing the coefficients’ 
signs of 𝛽2 × 𝛽4 and 𝛽3, if they are consistent, it implies that there is a partial mediating effect, and we need to report 
the weight of the mediating effect: 𝛽2 × 𝛽4/𝛽1. 



the magnitude of the mediating effects’ coefficients, we find that the coefficients in columns (3) 432 

and (5) of Table 7 are higher than those in column (1). Thus, Hypothesis 2 is supported, that is, 433 

technological innovation and structural optimization resulting from manufacturing input 434 

servitization will have a dampening effect on carbon emissions, and the emission reduction 435 

intensity of the former is higher than that of the latter. 436 

6. Conclusion and policy implications 437 

Currently, China is under dual pressure to promote economic growth and improve its ecological 438 

environment and is chastised by countries such as the United States for carbon emission issues. 439 

Therefore, although the Chinese government is implementing stricter energy conservation and 440 

emission reduction policies at all levels, simply restricting the energy usage of manufacturing 441 

companies will have a negative impact on the economy due to the present production pattern. Input 442 

servitization, however, creates a breakthrough for reducing the manufacturing industry and even 443 

national carbon emissions from a new perspective. 444 

The following conclusions can be drawn from the empirical analysis: The input servitization of 445 

the manufacturing industry has a significant carbon emission reduction effect, and this conclusion 446 

still holds after the endogeneity and robustness tests. Concerning the region heterogeneity, input 447 

servitization plays a more important role in China’s central region than in other regions; concerning 448 

the industry heterogeneity, the carbon reduction effect of input servitization in pollution-intensive 449 

manufacturing sectors is greater than in non-pollution sectors. Simultaneously, this study finds two 450 

main ways for manufacturing input servitization to influence carbon emission reduction, namely 451 

technological innovation and structural optimization, and the effect of technological innovation on 452 

carbon emission reduction is more obvious.  453 



This study has several policy implications, based on the above findings. First, policymakers 454 

should recognize the importance of developing manufacturing servitization to China’s economic 455 

transformation, operate proper policies to promote the deep integration of the manufacturing and 456 

service industry, and eliminate administrative barriers among provinces and industries. Second, the 457 

central, western, and northeastern regions should undertake the transfer of strategic new industries 458 

in the eastern region, accept the radiation and drive of developed regions, and adopt high-end 459 

servitization strategies. Third, each manufacturing enterprise should actively participate in the 460 

construction of the government’s shared industrial chain. This process reduces the financing cost 461 

and improves energy efficiency by introducing advanced technologies and adjusting their 462 

organizational structure to adapt to global markets. In this way, manufacturing enterprises can 463 

achieve a win-win relationship with both corporate and social benefits. 464 
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Figures

Figure 1

Carbon emissions of manufacturing industry by region in China from 2000 to 2014



Figure 2

Carbon emissions of manufacturing industry in China from 2000 to 2014



Figure 3

Overall level of China’s manufacturing input servitization from 2000 to 2014



Figure 4

Manufacturing input servitization level in China from 2000 to 2014


