

  Analysis of the Relationship between China’s IPPU CO2 Emissions and the Industrial Economic Growth




Analysis of the Relationship between China’s IPPU CO2 Emissions and the Industrial Economic Growth







Sustainability 2016, 8(5), 426; doi:10.3390/su8050426




Article



Analysis of the Relationship between China’s IPPU CO2 Emissions and the Industrial Economic Growth



Ye Duan, Hailin Mu * and Nan Li





Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education, Dalian University of Technology, Dalian 116024, China









*



Correspondence: Tel.: +86-411-8470-8095







Academic Editors: Marc A. Rosen, Bing Wang and Ning Zhang



Received: 28 January 2016 / Accepted: 26 April 2016 / Published: 29 April 2016



Abstract:

 According to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006) and based on the production technology and products, this paper has calculated CO2 emissions from industrial processes and product use (IPPU), which involves the individual and the summation of five major IPUU CO2 emissions industrial departments. As there is a classic environmental Kuznets curve between IPPU CO2 emissions and the economy, this paper discusses the relationship based on the calculation results and the actual situation. The results show that the overall emission level is indeed rising yearly, and that steel and iron alloy manufacturing and nonmetal manufacturing occupy about 80% of the total emissions. The IPPU CO2 emissions and the corresponding gross industrial output value do not present a classic Kuznets curve in most industrial sectors due to the increasing industrial employed population. The year 2002 appears to be the boundary instead, where prior to 2002, there is a relatively stable function-type growth curve and after 2002, gross industrial output value (GIOV) per employed person remained within a certain interval while IPPU CO2 emissions per employed dipped slightly then increased again. Some, but not all, industrial departments and the combined emissions of per employed person reached maximum values in 2012.
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1. Introduction


China’s economy has made remarkable achievements since the continuous progress of reform and opening-up; however, severe environmental quality deterioration and the predatory exploitation of resources have been associated with the economic growth. The industrial GDP remains around 40% of the total as of today. On the one hand, the rapid development of the industry brings the huge energy consumption and CO2 emissions. On the other hand, it awakens people’s conscienceness about environmental protection that people need higher quality of environment. Therefore, ignoring the effective control of environment quality deterioration will be bound to cause the further contradiction between economic growth and environmental quality, which is not conducive to social stability and sustainable development. Coordinating economic growth alongside improvement in environmental quality may be daunting but is certainly not impossible.



Industrial sector energy consumption creates reaction temperature and reaction conditions, and fossil fuel combustion produces large amounts of CO2. Controlling energy consumption and reducing the unnecessary waste of energy can slash CO2 emissions efficiently. Sometimes, carbon elements in raw materials will be released in some industrial production process. Changing the raw materials of production or production technology to make less carbon be discharged into the atmosphere is another obvious solution for CO2 emissions reduction. This portion of the CO2 emissions is inextricably linked to the product yield, so if there is a sharp rise in this part of CO2 emissions, but corresponding department economic levels do not rise, the overcapacity or backward production occurs in some department. The government can impose secondary industry structural adjustment policy according to its assessments of the actual situation, so the relationship between IPPU CO2 emissions and the economic activity is the focus of this paper. Then, we regard the IPPU CO2 emissions as the original aspect and the research subject. Finally, this paper puts forward relevant policy suggestions for China’s industrial structure adjustment.



Until now, industrial CO2 emission problems have attracted great attention from society. Few studies have focused on the IPPU CO2 emission, and even fewer on the relationship between IPPU CO2 emission and industrial economy activity. Different from other research, an important novelty of this paper is its accounting for China’s five major IPPU department CO2 emission levels as the regression raw data for the first time. The paper serves as a more comprehensive attempt to estimate the IPPU CO2 emission from 1991 to 2012, including five major IPPU departments. On this basis, the regression relationship between the IPPU CO2 emissions and the economic level are analyzed for the first time, and the curve shows a realistic significance that the results will contribute to discuss the over-capacity and get some more useful information on the actual situation of China as a result—another innovation point in this paper.



The remainder of this paper is organized as follows. Section 2 provides a literature review focusing on the Carbon Kuznets Curve (CKC) and IPPU CO2 emission research. Section 3 introduces the accounting method, the foundation of CO2 Kuznets curve hypothesis and data sources. In Section 4, based on the accounting data and statistic analysis, we present and discuss our results in detail. Section 5 provides conclusions and some policy recommendations for China’s industry.




2. Literature Review


Numerous environmental economic scholars have studied the relationship between economic growth and environmental quality. Grossman and Krueger [1], and Shafik [2] analyzed the experience relationship between economic development and environmental quality, and they found that economic development level and pollution emissions presented a morphological characteristics of an inverted “U” type curve, which is called the environmental Kuznets curve. The theory reflects the fact that, in early stages of economic development as income levels rise, environmental quality becomes vestigial, but, at a certain extent of economic development, income level reaches a threshold at which pollution emissions gradually lessen and environmental quality begins to improve.



Alongside the increasing prevalence of climate disasters—and the growing awareness of the dangers of climate change—scholars have begun to focus on CO2 emissions and their relationship to economic growth. To date, there is no consensus on the existence of the Carbon Kuznets Curve (CKC between economic growth and CO2 emissions). Due to differences between the selected sample countries (regions), plus the industry and the development phase, the relationship between economic growth and carbon emissions tends to be different. Hettige et al. [3], Selden and Song [4], Grossman and Krueger [5] agreed with the traditional inverted “U” CKC conclusion, while some scholars found that the economic growth and carbon emissions relationship type have several shapes, such as “U” shape, “N” shape, inverted “N” shape, “M” shape, monotonous or no specific curve, and other conclusions, such as Hill and Magnani [6], Stem [7], Lantz and Feng [8], Ranjan and Shortle [9], and He and Zhang [10]. Chinese scholars’ studies on CO2 emissions and economic growth are fairly limited and basic, though there have been some valuable contributions to the literature. For instance, Lu [11] established a state space model between CO2 and GDP per capita, and found that their relationship is not a simple inverted u-shaped curve. By fitting the EKC curve to estimate the turning point of emission levels from up to down, Cai et al. [12] estimated and investigated the Chinese inner energy and emissions reduction requirements. They asserted that if greenhouse gases emissions waited for the arrival of the Kuznets inflection point passively, China would not be able to cope with the increasing environmental pressure. After analyzing the relationship between GDP and greenhouse gas emissions of 21 advanced countries, Huang et al. [13] finally found that EKC pattern appeared in seven countries. Some scholars denied the existence of the EKC curve. Han and Lu [14] showed that a big difference of the CO2 Kuznets curve from different research objects (for instance, U-shaped, N-shaped, linear relationship). By applying the panel cointegration error correction model of China’s carbon emissions to verify the existence of the Kuznets curve, Zheng and Zhu [15] found that the carbon emissions and economic growth present a long-term and stable inverted U-shaped curve, and further, that the turning point for the GDP per capita is 29,847.29 yuan. Zhang [16] measured the level of the carbon emissions of the manufacturing sector in China and found that no such inverted U-CKC exists.



By employing various approaches, few previous studies have examined sources and reduction potentials of CO2 emissions from IPPU. Paraschiv et al. [17] analyzed the textile industry and sustainable development for the Eastern European Area. Dentoni et al. [18] studied environmental sustainability of the alumina industry in Western Europe. Puyvelde et al. [19] produced papers investigating emissions and reductions from the cement sector. Sheinbaum et al. [20] analyzed energy and CO2 emission trends of Mexico’s iron and steel industry during the period 1970–2006, examining CO2 emissions related to energy use and production process. Arruda et al. [21] analyzed the sustainability in the Brazilian Heavy Construction Industry. Liaskas et al. [22] used the algebraic disaggregation method to identify the factors influencing CO2 emissions generated in the industrial sector of European Union countries. Kim and Worrell [23] and Kirschen et al. [24] presented the analysis on energy-related carbon footprint in the iron and steel industrial sector of seven countries and electric arc furnace, respectively.



Zhou et al. [25], estimated the carbon footprint of China’s ammonia production and analyzed the potential for carbon mitigation in the industry. Dong et al. [26] assessed sustainability of the natural gas industry in China using principal component analysis. Liu et al. [27] analyzed the industrial carbon footprint calculation of woolen yarn. Liu et al. [28] analyzed the regional greenhouse gas (GHG) emission of industrial processes of Shenyang, China. Gao et al. [29] explored the impact of carbon cycle in fossil fuel use and industrial production in Henan, China, and estimated the dynamic changes of the IPPU emissions from 2000 to 2009. Chen [30] analyzed embodied CO2 emissions including industrial process emissions.



From the research above, we found that research has traditionally focused on national level CO2 emissions and economic growth relationship, fewer on the level of province, and much fewer on specific industry department. Furthermore, studies on industrial CO2 emissions have been confined to energy-consumption-related emissions, failing to fully account for the emissions caused by industrial processes. With the in-depth study of CO2 emissions in recent years, IPPU and waste incineration CO2 emissions have been taken into account as their emissions account for 20% of total emissions. In an effort to fill the knowledge gap in terms of IPPU CO2 emissions and the related industrial and economic growth, we conducted the present study with a two-fold goal: (1) to determine whether the CO2 Kuznets curve exists, and if it does, whether it is U-shaped, N-shaped, or grows exponentially; and (2) based on the output data of several industrial production departments in 1991–2012 with industrial CO2 emissions (IPCC 2006 [31]) as the research object, to comprehensively analyze the relationship between IPPU CO2 emissions and industrial economic growth. By establishing the relationship between GIOV and IPPU CO2 emissions, the results presented here mark a notable departure from the previous research on Kuznets curves.




3. Methods


3.1. Data Sources


The industrial sectors involved in this paper include the mining industry, chemical industry, metal industry, electronic industry and others listed in IPCC 2006. The industrial product data are obtained from “China Statistical Yearbook [32]”, “China Compendium of Statistics 1949–2008 [33]”, “China Industrial Economy Statistical Yearbook [34]” and other various industry sectors in the Statistical Yearbook [35,36].



Notations and their explanations used in this paper were presented in Table 1.


Table 1. Notations and explanations used in this paper.


	Notations
	Explanations





	t
	IPPU CO2 emissions industrial department



	PC
	IPPU CO2 emissions per employed person



	α
	The intercept term



	GIOV
	Gross industrial output value



	PGIOV
	Gross industrial output value per employed person



	β
	The estimated parameter of PGIOV



	ε
	The estimated residuals










3.2. Accounting of IPPU CO2 Emissions


IPPU CO2 emissions, as discussed above, are the result of industrial production, namely, from the chemical reaction conditions utilized for the production of raw material. As opposed to fossil fuel combustion, the portion CO2 produced does not consume energy because the carbon is discharged during production. For example, CO2 is released as the primary component of calcium carbonate (CaCO3). Emissions are calculated based on the amount of all manner of industrial products’ output, multiplied by the corresponding coefficient of carbon emissions. Table 2 lists the CO2 emission coefficients of all the IPPU departments in IPCC 2006.


Table 2. CO2 emission coefficient about involved IPPU departments in IPCC 2006.


	No.
	Department
	Coefficient of Carbon Emissions 104 t CO2/104 t Product





	CO2a
	Steel
	65% BOF, 30% EAF, 5% OHF, and the coefficient is 1.46, 0.08, 1.72



	CO2b
	Cement
	0.55536



	CO2c
	Lime
	0.683



	CO2d
	Calcium carbide
	1.154



	CO2e
	Glass
	0.2



	CO2f
	Synthesis ammonia
	1.694



	CO2g
	Sodium carbonate
	0.138



	CO2h
	Ferrosilicon
	4.38



	CO2i
	Manganese-silicon
	1.4



	CO2j
	Lead(Pb)
	0.52



	CO2k
	Magnesium(Mg)
	3



	CO2l
	Zinc(Zn)
	1.72



	CO2m
	Virgin aluminum
	1.69



	CO2n
	Lubricating grease
	0.2



	CO2o
	Urea
	0.733



	CO2p
	Titanium dioxide
	1.4



	CO2q
	Ethylene
	1.73



	CO2r
	Methyl alcohol
	0.67









The 18 industrial departments we examined here essentially cover all IPPU CO2 emissions in China. According to the custom of China’s industrial departmentalization and the information found in the Statistical Yearbooks, they can be divided into the following five major categories.

	
CO2a, CO2h, and CO2i correspond to the mining and processing of ferrous metal ores and smelting and pressing of ferrous metals, namely steel and iron alloy manufacturing (A1).



	
CO2b and CO2e correspond to the mining and processing of nonmetal ores and the manufacture of mon-metallic mineral products, namely non-metallic manufacturing (A2).



	
CO2c and CO2d correspond to the mining of other ores, namely non-metallic mining (A3).



	
CO2f, CO2g, CO2n, CO2o, CO2p, CO2q, and CO2r correspond to the manufacture of raw chemical materials and chemical products, namely the chemical industry (A4).



	
CO2j, CO2k, CO2l, and CO2m correspond to the mining and processing of non-ferrous metal ores and the smelting and pressing of non-ferrous metals, namely the metal industry (A5).








The gross value of industrial output was valued at constant prices in 1990.




3.3. CO2 Kuznets Curve Hypothesis


This paper utilizes the Generalized Least Square method to conduct the regression analysis on CO2 emissions and economic growth, then uses time series data to verify whether CO2 emissions and economic growth support the establishment of the emissions Kuznets curve hypothesis. Throughout the predecessors’ research of CO2 emissions and economic growth, the relationship curve may appear in five kinds of shapes. In addition, the variable logarithmic difference approximation is equal to the rate of change approximatively, but the rate of change for economic variable is usually a stable sequence. The application of original data logarithmetics does not impact the co-integration relationship. It can reduce the unwanted fluctuation and ensure the trend linearization, and eliminate the heteroscedasticity. Accordingly, the variable date is transformed into a natural logarithm. This paper adopts the Selden and Song [4] theory model and uses the following simplified model to study the relationship between IPPU carbon emissions and economic growth:


Linear:lnPCit=αi+β1lnPGDPit+ε



(1)






Quadratic:lnPCit=α+β1lnPGDPit+β2ln2PGDPit+ε



(2)






[image: there is no content]



(3)







The limited scope in this paper is the IPPU department. Certain indices, such as the entire population in China, GDP, and carbon intensity cannot accurately express variable change, so this paper sets employed population in the corresponding industrial sector as the population value, gross industrial output value (GIOV) in the corresponding industrial department as the economic data. α means the intercept term, PC means the IPPU CO2 emissions per employed person, PGIOV denotes the GIOV per employed person. ε is the estimated residuals, β1, β2, β3 denote the first-, second- and third-power estimated parameters of PGIOV, i represents the IPPU department and t represents the time. The relationship between CO2 emissions and economic growth depends on the final curve form of the estimation model, and curve form depends on β1, β2, and β3 values. Therefore, the original type can be transformed as follows:


[image: there is no content]



(4)




where t represents the time period (1991–2012), and i represents the IPPU department (A1 to A5) in this paper. When β1 > 0, β2 = 0, β3 = 0, CO2 emissions and economic growth curve slopes upward in a straight line. When β1 < 0, β2 = 0, β3 = 0, CO2 emissions and economic growth curve slopes downward in a straight line. When β1 > 0, β2 < 0, and β3 = 0, CO2 emissions and economic growth forms an inverted U-shaped curve. When β1 < 0, β2 > 0, and β3 = 0, CO2 emissions and economic growth forms a regular U-shaped curve. When the β1 > 0, β2 < 0, and β3 > 0, the curve is N-shaped. When β1 < 0, β2 > 0, and β3 < 0, the curve is inverted N-shaped.



Firstly, we consider the existence of the Kuznets curve for individual IPPU departments. Then, we add the five major department categories to determine whether there truly exists a Kuznets curve for China’s IPPU CO2 emissions. The time series is from 1991 to 2012, and the corresponding parameter values are shown in Table 3. Ensuring data stability prior to analysis is a precondition for any reasonable discussion on a co-integration relationship; each sequence we examined is a non-stationary series, so we run ADF unit root tests on six time sequences segmented from the original series. In this paper, the natural logarithm series lnPC, lnPGIOV, ln2PGIOV, ln3PGIOV and first order difference sequence should be taken by a unit root test. After getting the cointegration relationship, the generalized least squares method is used to estimate the model. If β3 was significant, cubic form regression could be considered appropriate. If β3 was not significant but β2 was significant, quadratic regressiozhin was appropriate. If neither β3 nor β2 were significant, linear regression was appropriate.



Table 3. Gross value of industrial output, IPPU CO2 emissions and industrial employed population.



	
The Gross Value of Industrial Output at Constant Price in 1990, One Hundred Million Yuan




	

	
Gross Value of Industrial Output Valued in China

	
A1

	
A2

	
A3

	
A4

	
A5

	
Sum of A1–A5

	
Sum of A1–A5 Accounted for the Proportion of the Total






	
1991

	
25,407.67

	
1525.04

	
1040.26

	
97.69

	
1527.82

	
698.42

	
4889.2

	
19.24%




	
1992

	
28,817.79

	
1989.28

	
1226.23

	
115.15

	
1606.73

	
911.90

	
5849.3

	
20.30%




	
1993

	
35,734.05

	
3127.20

	
1751.05

	
164.43

	
1740.09

	
1410.50

	
8193.3

	
22.93%




	
1994

	
42,702.20

	
3351.67

	
1884.13

	
176.93

	
2008.06

	
1539.35

	
8960.2

	
20.98%




	
1995

	
49,064.82

	
3541.45

	
2004.71

	
188.25

	
2534.17

	
1639.18

	
9907.8

	
20.19%




	
1996

	
50,487.70

	
3476.70

	
2090.92

	
196.35

	
2620.33

	
1648.03

	
10,032.3

	
19.87%




	
1997

	
50,336.24

	
3395.53

	
2082.55

	
195.56

	
2502.42

	
1638.93

	
9814.99

	
19.50%




	
1998

	
48,272.45

	
3165.72

	
2011.75

	
188.91

	
2324.75

	
1538.35

	
9229.48

	
19.12%




	
1999

	
47,113.91

	
3031.52

	
1965.48

	
184.57

	
2243.38

	
1470.29

	
8895.24

	
18.88%




	
2000

	
48,433.10

	
3125.46

	
1957.61

	
183.83

	
2265.81

	
1501.79

	
9034.51

	
18.65%




	
2001

	
47,803.47

	
3081.71

	
1900.84

	
178.50

	
2200.10

	
1480.77

	
8841.92

	
18.50%




	
2002

	
46,751.80

	
3006.82

	
1855.98

	
174.29

	
2148.18

	
1444.79

	
8630.06

	
18.46%




	
2003

	
47,827.09

	
3211.28

	
1898.67

	
178.30

	
2197.59

	
1543.03

	
9028.87

	
18.88%




	
2004

	
50,744.54

	
3849.41

	
1966.44

	
188.71

	
2422.18

	
1830.28

	
10,257.0

	
20.21%




	
2005

	
53,231.02

	
4041.59

	
1994.89

	
206.35

	
2627.58

	
1973.31

	
10,843.7

	
20.37%




	
2006

	
54,827.95

	
3881.47

	
2026.83

	
211.51

	
2638.10

	
2021.43

	
10,779.3

	
19.66%




	
2007

	
56,527.62

	
4192.59

	
2056.89

	
218.07

	
2738.34

	
2208.01

	
11,413.9

	
20.19%




	
2008

	
60,428.03

	
5044.22

	
2225.95

	
242.01

	
3044.76

	
2547.36

	
13,104.3

	
21.69%




	
2009

	
57,164.91

	
4207.09

	
2218.45

	
236.79

	
2681.52

	
2171.49

	
11,515.4

	
20.14%




	
2010

	
60,308.98

	
4538.66

	
2274.58

	
251.94

	
2896.04

	
2401.74

	
12,363.0

	
20.50%




	
2011

	
63,943.20

	
4990.76

	
2438.76

	
274.91

	
3178.75

	
2674.49

	
13,557.7

	
21.20%




	
2012

	
62,856.17

	
4460.67

	
2417.50

	
284.25

	
3051.60

	
2458.34

	
12,672.7

	
20.16%




	
The IPPU CO2 Emissions, Ten Thousand Tons




	

	
Total Emissions

	
A1

	
A2

	
A3

	
A4

	
A5




	
1991

	
28,932.76

	
6255.34

	
10,608.97

	
8066.38

	
3705.85

	
296.22




	
1992

	
32,793.39

	
7403.00

	
12,931.85

	
8187.93

	
3922.90

	
347.71




	
1993

	
35,702.32

	
8517.35

	
14,741.26

	
8265.23

	
3795.12

	
383.35




	
1994

	
38,973.08

	
9291.05

	
16,763.39

	
8330.01

	
4151.74

	
436.89




	
1995

	
41,984.70

	
9929.32

	
18,470.31

	
8417.36

	
4677.05

	
490.66




	
1996

	
44,110.32

	
10,323.50

	
19,519.43

	
8405.51

	
5307.18

	
554.70




	
1997

	
45,423.10

	
11,017.76

	
20,132.61

	
8463.07

	
5159.83

	
649.83




	
1998

	
47,296.88

	
11,807.87

	
21,003.49

	
8408.29

	
5330.88

	
746.35




	
1999

	
50,568.35

	
13,296.09

	
22,098.14

	
8592.42

	
5773.38

	
808.32




	
2000

	
54,336.91

	
14,419.78

	
24,386.67

	
8838.46

	
5765.77

	
926.23




	
2001

	
60,625.81

	
17,573.42

	
27,009.09

	
9100.93

	
5882.81

	
1059.56




	
2002

	
67,319.05

	
20,985.85

	
29,238.13

	
9508.61

	
6328.02

	
1258.43




	
2003

	
79,354.04

	
26,314.32

	
34,753.22

	
10,046.85

	
6733.92

	
1505.72




	
2004

	
93,941.46

	
34,932.74

	
39,289.89

	
10,689.67

	
7244.04

	
1785.12




	
2005

	
105,843.67

	
41,318.73

	
42,608.91

	
11,592.52

	
8285.95

	
2037.56




	
2006

	
124,577.68

	
51,431.70

	
48,948.68

	
12,670.03

	
9093.12

	
2434.16




	
2007

	
138,898.13

	
62,057.72

	
49,995.35

	
13,913.11

	
9859.33

	
3072.61




	
2008

	
146,197.04

	
63,801.32

	
54,858.13

	
14,815.03

	
9465.80

	
3256.75




	
2009

	
163,610.34

	
76,558.84

	
57,944.49

	
16,187.72

	
9578.13

	
3341.15




	
2010

	
184,558.60

	
87,784.08

	
64,639.79

	
17,523.62

	
10,566.39

	
4044.72




	
2011

	
204,635.74

	
97,243.07

	
71,953.24

	
19,412.64

	
11,659.41

	
4367.38




	
2012

	
214,239.57

	
104,330.24

	
71,755.58

	
21,336.45

	
12,107.13

	
4710.17




	
The Industrial Employed Population, 10,000 persons




	

	
The Industrial Employed Population in China

	
A1

	
A2

	
A3

	
A4

	
A5

	
Sum of A1–A5

	
Sum of A1–A5 Accounted for the Proportion of the Total




	
1991

	
6551.00

	
334.00

	
461.00

	
113.00

	
398.00

	
161.00

	
1467.00

	
22.39%




	
1992

	
6621.00

	
344.00

	
464.00

	
112.00

	
408.00

	
160.00

	
1488.00

	
22.47%




	
1993

	
6626.00

	
361.00

	
456.00

	
112.00

	
389.00

	
145.00

	
1463.00

	
22.08%




	
1994

	
6580.00

	
368.00

	
463.00

	
112.00

	
405.00

	
163.00

	
1511.00

	
22.96%




	
1995

	
6610.00

	
368.00

	
488.00

	
116.00

	
412.00

	
163.00

	
1547.00

	
23.40%




	
1996

	
6450.00

	
358.00

	
465.00

	
116.00

	
407.00

	
161.00

	
1507.00

	
23.36%




	
1997

	
6215.00

	
341.00

	
441.00

	
112.00

	
392.00

	
152.00

	
1438.00

	
23.14%




	
1998

	
4753.00

	
272.00

	
327.00

	
90.00

	
304.00

	
124.00

	
1117.00

	
23.50%




	
1999

	
4428.00

	
258.00

	
301.00

	
86.00

	
282.00

	
120.00

	
1047.00

	
23.64%




	
2000

	
4102.00

	
237.00

	
273.00

	
74.00

	
254.00

	
115.00

	
953.00

	
23.23%




	
2001

	
3838.00

	
218.00

	
248.00

	
66.00

	
230.00

	
111.00

	
873.00

	
22.75%




	
2002

	
3729.00

	
205.00

	
234.00

	
60.00

	
217.00

	
106.00

	
822.00

	
22.04%




	
2003

	
5748.57

	
283.30

	
441.83

	
183.40

	
311.33

	
147.97

	
1367.83

	
23.79%




	
2004

	
6098.62

	
290.63

	
452.67

	
191.07

	
315.66

	
155.22

	
1405.25

	
23.04%




	
2005

	
6895.96

	
328.08

	
461.14

	
222.76

	
339.99

	
172.61

	
1524.58

	
22.11%




	
2006

	
7358.43

	
341.40

	
470.59

	
238.68

	
357.78

	
182.13

	
1590.58

	
21.62%




	
2007

	
7875.20

	
353.57

	
495.03

	
265.06

	
380.28

	
211.38

	
1705.32

	
21.65%




	
2008

	
8837.63

	
375.02

	
552.96

	
317.35

	
429.64

	
238.71

	
1913.68

	
21.65%




	
2009

	
8831.22

	
380.50

	
564.02

	
337.95

	
440.49

	
227.68

	
1950.64

	
22.09%




	
2010

	
9544.71

	
412.67

	
601.15

	
369.46

	
474.14

	
246.99

	
2104.41

	
22.05%




	
2011

	
9167.29

	
405.12

	
570.56

	
360.90

	
454.86

	
245.99

	
2037.43

	
22.22%




	
2012

	
9095.21

	
393.33

	
572.17

	
346.42

	
449.78

	
239.84

	
2001.54

	
22.01%










We also utilize the D.W. statistic (Durbin-Watson statistic, 0–4) estimation results to judge whether there was any residual autocorrelation sequence: If 0 < D.W. < DL, the first-order autocorrelation disturbance was present (the closer to 0, the greater the correlation will be). If DL < D.W. < DU, it was considered impossible to judge whether there was autocorrelation. If DU < D.W. < 4-DU, there was no first-order autocorrelation disturbance; if 4-DU < D.W. < 4-DL, it was impossible to judge whether there was autocorrelation. If 4-DL < D.W. < 4, there was first-order autocorrelation disturbance (in this case, the closer to four, the greater the correlation). If there was any residual autocorrelation sequence, the lagged variable was necessary to build estimate equations to eliminate the residual autocorrelation sequence. Finally, after necessary diagnostic checks, we were able to use the adjusted R2 and F values to judge the model fitting effect.



In short, we first use the scatterplot to judge the curve type according to the methods described above. Then, we test the stability of the data for the five IPPU categories, identify the co-integration relationship and use generalized least squares to estimate the model. The analysis and results are shown in Section 4.2.





4. Results and Discussions


4.1. The Analysis of China’s IPPU CO2 Emissions from 1991 to 2012


Five major IPPU industrial departments’ CO2 emissions and gross value of industrial output are shown in Table 3. In addition, due to the consideration of the impact of industrial employed population scale on IPPU CO2 emissions and economy, Table 3 also illustrates the employed population scale of each industrial department. It is important to note that the line chart in Figure 1 represents the gross value of industrial output at a constant price in 1990 (blue line) and industrial employed population (red line), the units are one hundred million yuan and ten thousand people.


Figure 1. IPPU CO2 emissions from A1–A5, Gross value of industrial output and industrial employed population.
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Some conclusions can be drawn from Table 3 and Figure 1. In terms of the overall scale, the proportion of gross industrial output value and industrial employed population of the five major IPPU CO2 emissions departments is about 20% of the total, and remained stable for a generous portion of the time period. It is also determined by each IPPU CO2 emission department’s characteristic: they represent favorable industrial bases and facilities overall, both in basic manufacturing and mining departments, as far as ensuring stable development of the national economy and livelihood, and more stable product supply and marketing demand; thus, the proportion remains around 20% steadily.



From the overall view, CO2 emissions are determined by the product yield, so with the increase of product output, CO2 emissions rose and reached their maximum in 2012, 2142.3957 million tons, while the industrial department employed population and gross industrial output value firstly began to decline from 1996 to 2002 steadily and then increased after 2002. This is because, since 1998, China’s accumulation of deep-seated economic issues became problematic, and layoffs and unemployment became common social phenomena in China’s state-owned enterprises. In the middle of the 1990s, China experienced an economic recession characterized by lack of external or internal demand. The stagnation of the whole industry chain made all related enterprises face a very embarrassing situation. Large- and medium-sized, state-owned enterprises going bankrupt reduced the GIOV during this period; both reached their nadir in 2002, at 8.22 million (the total employed population in 2002 is 37.29 million) and 863.006 billion (the total China’s GIOV in 2002 is 4675.18 billion yuan), respectively. After 2002, with China’s accession to the WTO (World Trade Organization), a massive boom in domestic and foreign demand strengthened the economy and saved many state-owned enterprises from bankruptcy. Particularly, large state-owned enterprises like iron and steel producers began to make the transition from the planned economy to the market economy, ultimately rising to meet renewed external and internal demand. The industrial worker population and GIOV rose again; worker population peaked in 2010 at 21.0441 million (compared to the total population of China, 95.4471 million) and GIOV in 2011 at 1355.766 billion yuan (compared to the total gross value of China, 6,394.32 billion yuan), but, in 2011 and 2012, both values leveled off as the growth of the global economy slowed; this weakened external demand considerably, causing declining domestic infrastructure investment and weakening China’s real estate market regulations. These reasons sharply slowed down the speed of China’s economic growth, especially in manufacturing. Manufacturing’s employed demand growth slowed markedly while the construction, resident service and other services employed demand grew rapidly. As a result, the employment pressure will be more and more aggravated. In the next few years, China’s labor supply and structure will continue to change, the overall workforce will usher in a new turning point in a few years, and the new labor force and employed population will continue to decline among young adults. In the next few years, China’s labor supply and structure will certainly continue to change. New turning points in the country’s overall workforce are inevitable, including reducing the number of young adults employed in the industrial field. As the economy slows down and reaches stagnation, the employed population size will be stable.



From the view of the five major IPPU CO2 emission industrial departments, steel and iron alloy manufacturing, and non-metallic manufacturing accounted for more than 80% of total emissions, and reached 82.2% in 2012. With the increasing production of steel and cement, glass, CO2 emissions will continue to increase steadily over these years, while the rest of the industry growth rates are slower than A1 and A2. Taking the five major IPPU CO2 emission industrial departments as a whole, the steel and iron alloy manufacturing and chemical industry occupy nearly 60% of gross industrial output value, and non-metal and metal manufacturing industry occupies 20%. Non-metallic mining comprises the smallest portion at only about 2%. The non-metallic manufacturing industry, interestingly, shows the greatest proportion of the worker population at nearly 30%, while steel and iron alloy manufacturing and the metal industry comprises 19% and 11% of the worker population, respectively. The non-metallic mining worker population also presents a rising trend, from 7.7% in 1991 to 17.3% in 2012, while the chemical industry fell about 5% in 2012 in comparison to that of the 1990s. Due to the relative stability of China’s industrial development in recent years, the employed population structure also tends to be stable, both as a reflection of domestic and foreign demand characteristics. Due to the relative stability of China’s industrial development in recent years, the employed population structure also tends to be stable, both as a reflection of domestic and foreign demand characteristics. As China’s cement, glass, and iron alloy manufacturing industries are national leaders in production (and accordingly are top-priority infrastructure investment targets, demand-creators, and policy-drivers), the corresponding GIOV and employed population stayed at high levels toward the end of the time period we examined. The chemical industry and metal industry are pillars of China’s industrial infrastructure and effectively serve as the foundational livelihood of a massive employed population and of China’s economic and social stability—in short, no changes to this infrastructure can be expected in the short term. Non-metallic mining can be considered as a bottleneck industry, conversely. Due to its high dependence on natural resources, this industry tends to be more exploitative (i.e., its GIOV, in effect, inextricably corresponds to the exploitation and industrial pretreatment of its products.). Obviously, making any substantial increase in industrial output of this kind of resource-intensive industry is impossible in terms of environmental sustainability.




4.2. The Verification of IPPU CO2 Kuznets Curve


Upon testing, the time sequence series are consistent with cointegration test precondition. The result of the unit root test shows that the IPPU CO2 emissions of per employed person time series and the GIOV per employed person time series are both non-reposeful time series and integrated series of the first order. Then, taking the variable cointegration with the Johanse–Juselius test. The examination shows that the corresponding variable co-integration relationship exists as well. Therefore, scatter plot description and regression analysis can proceed.



Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 shows the scatterplots of five major IPPU CO2 emissions departments as well as their summation. It can reflect the relationship between IPPU CO2 emissions per employed person and GIOV per employed person, as well as the change trend in both. The abscissa represents GIOV per employed person and the unit is ten thousand yuan. The ordinate represents the IPPU CO2 emissions per employed person, and the unit is tons. Natural logarithm processing has been done to all data.


Figure 2. Scatterplots of CO2 emissions and GIOV in steel and iron alloy manufacturing.
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Figure 3. Scatterplots of CO2 emissions and GIOV in non-metallic manufacturing.
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Figure 4. Scatterplots of CO2 emissions and GIOV in non-metallic mining.
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Figure 5. Scatterplots of CO2 emissions and GIOV in the chemical industry.
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Figure 6. Scatterplots of CO2 emissions and GIOV in the metal industry.
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Figure 7. Scatterplots of CO2 emissions and GIOV in the sum of the five major IPPU CO2 emission departments.
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Unlike those drawn in previous studies, the scatter do not present any classic inverted U-shaped, N-shaped and other Kuznets curve types. Except non-metallic mining’s scatterplot presenting a function type growth curve, the rest of the IPPU department data are divisible into two parts marked with red and black splashes, respectively. The black scattered data represents 1991–2002 values which presented a function type growth curve and the red scattered data represents 2002–2012 values, which created a gathering type phenomenon, and all red scattered data are upper left of the black curve, namely GIOV per employed person value declined after 2002.



We consider non-metallic mining as a regression example in Table 4 because β3 is not significant in cubic form, while β2 is significant, so quadratic regression is adopted. Then, we checked the D.W. value to judge whether the regression residuals show series autocorrelation.



Table 4. Cubic form and quadratic form regression in non-metallic mining.



	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.






	
Cubic Form




	
C

	
4.1099992

	
0.035799

	
114.8081

	
0.0000




	
X

	
0.412677

	
0.087479

	
4.717469

	
0.0002




	
X2

	
−0.386025

	
0.329525

	
−1.171459

	
0.2567




	
X3

	
0.801438

	
0.295341

	
2.713604

	
0.0142




	
Quadratic Form




	
C

	
4.046176

	
0.031185

	
129.7469

	
0.0000




	
X

	
0.406503

	
0.101038

	
4.023275

	
0.0007




	
X2

	
0.444054

	
0.141575

	
3.136520

	
0.0054










According to the result, D.W. = 0.498941 < DL = 0.9711, which indeed demonstrates autocorrelation between CO2 emissions and GIOV. Then, we added AR (AR(1) means the random disturbance is the first-order autoregressive form of serial correlation) to the estimating equations to eliminate autocorrelation sequence via the generalized least square method and obtain the results list in Table 5.


Table 5. Regression result using the generalized least square in non-metallic mining.


	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.





	C
	4.004083
	0.041465
	96.56548
	0.0000



	X
	0.382922
	0.135533
	2.825304
	0.0117



	X2
	0.533774
	0.153956
	3.467047
	0.0029



	AR(1)
	0.607073
	0.170561
	3.559266
	0.0024



	R2
	Adjusted R2
	S.D. Dependent Var
	F-Statistic
	D.W.



	0.972655
	0.967829
	0.356543
	201.5612
	1.422968









The final result (in which we took four decimal places, the same as the following regression analysis results):
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(5)







The following regression analysis results can be obtained in Table 6 with the Generalized Least Squares. According to the results, estimate equation and the analysis of the results are shown as follows:



Table 6. Regression analysis results of the IPPU CO2 emissions departments.



	
Steel and Iron Alloy Manufacturing




	
Variable

	
Coefficient

	
Std. Error

	
t -Statistic

	
Prob.




	
C

	
10.92199

	
1.030504

	
10.59869

	
0.0000




	
X

	
−8.609946

	
0.914439

	
59.415545

	
0.0000




	
X2

	
2.325560

	
0.201424

	
11.54560

	
0.0000




	
AR(1)

	
50.335305

	
0.283262

	
51.183727

	
0.2752




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.990074

	
0.985820

	
0.529344

	
232.7395

	
2.247248




	
Non-Metallic Manufacturing




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
C

	
5.821201

	
0.408260

	
14.258555

	
0.0000




	
X

	
−3.665195

	
0.462456

	
−7.925494

	
0.0001




	
X2

	
1.528215

	
0.134834

	
11.33406

	
0.0000




	
AR(1)

	
0.516023

	
0.059599

	
8.658205

	
0.0001




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.997692

	
0.996703

	
0.514686

	
1008.591

	
1.807023




	
Non-Metallic Mining




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
C

	
4.004083

	
0.041465

	
96.56548

	
0.0000




	
X

	
0.382922

	
0.135533

	
2.825304

	
0.0117




	
X2

	
0.533774

	
0.153956

	
3.467047

	
0.0029




	
AR(1)

	
0.607073

	
0.170561

	
3.559266

	
0.0024




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.972655

	
0.967829

	
0.356543

	
201.5612

	
1.422968




	
Chemical Industry




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
C

	
4.651413

	
0.853222

	
5.451585

	
0.0010




	
X

	
−3.519916

	
0.934448

	
−3.766841

	
0.0070




	
X2

	
1.291968

	
0.251070

	
5.145845

	
0.0013




	
AR(1)

	
0.117817

	
0.378453

	
0.311313

	
0.7646




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.985567

	
0.979382

	
0.406903

	
159.3356

	
1.907908




	
Metal Industry




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
C

	
12.78229

	
1.177808

	
10.85261

	
0.0000




	
X

	
−13.05701

	
1.074519

	
−12.15149

	
0.0000




	
X2

	
3.472181

	
0.242660

	
14.30886

	
0.0000




	
AR(1)

	
−0.415051

	
0.204208

	
−2.032488

	
0.0816




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.989575

	
0.985107

	
0.581921

	
221.4871

	
2.100003




	
The Sum of the 5 Major IPPU CO2 Emission Departments




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
C

	
6.198014

	
0.408532

	
15.17141

	
0.0000




	
X

	
−4.404028

	
0.429709

	
−10.24887

	
0.0000




	
X2

	
1.540928

	
0.111527

	
13.81664

	
0.0000




	
AR(1)

	
−0.296303

	
0.302890

	
−0.978251

	
0.3605




	
R2

	
Adjusted R2

	
S.D. Dependent Var

	
F-Statistic

	
D.W.




	
0.996164

	
0.994494

	
0.452141

	
603.1067

	
2.482855










After obtaining the coefficient and the related parameters in the equation, due to the uncertainty of initial definition, diagnostic tests (tests on residuals, specification and stability tests and so on) of regression equations should be checked. In this paper, White heteroscedasticity testing, Chow breakpoint test, and Granger causality test are adopted from different perspectives. Consider the chemical industry as a regression example, and the results are as follows:



From the result in Table 7, F-statistic and the corresponding probability indicate that there is no heteroscedasticity in the residual and regression coefficient keeping stable at different times, PCA4 does not Granger Cause PGIOVA4 and PGIOVA4 does not Granger Cause PCA4.



Table 7. White Heteroskedasticity Test, Chow Breakpoint Test, Granger Causality Test in Chemical Industry.



	
White Heteroskedasticity Test




	
F -Statistic

	
Prob.

	
Obs R2

	
Prob.




	
1.256214

	
0.3208

	
3.810624

	
0.2827




	
Chow Breakpoint Test: 1997 (Other Hypothetical Breakpoint Dates Have the Same Conclusion)




	
F-Statistic

	
0.851206

	
Prob.

	
0.5087




	
Granger Causality Test, Lags = 2




	
PCA4 does not Granger Cause PGIOVA4

	
F-Statistic

	
0.36198

	
Prob.

	
0.7132




	
PGIOVA4 does not Granger Cause PCA4

	
1.07885

	
0.4078










Similarly, other industry departments and the total industrial department also carry out the diagnostic test and get the same conclusion. Because of the limitation of length, there is no more tautology here. Finally, the estimate equations are obtained in Section 4.2.1 to Section 4.2.6.



4.2.1. Steel and Iron Alloy Manufacturing


1991–2002



[image: there is no content]



In 2002, PGIOVA1, PCA1 reached maximum, lnPGIOVA1 = 2.686, lnPCA1 = 4.629.



2003–2012



lnPGIOVA1 stays within the interval (2.398, 2.599). lnPCA1 began to rise resiliently in recent years after a slight decline, and reached the maximum, 5.581, in 2012.




4.2.2. Non-Metallic Manufacturing


1991–2002
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In 2002, PGIOVA2, PCA2 reached maximum, lnPGIOVA2 = 2.071, lnPCA2 = 4.828.



2003–2012



lnPGIOVA2 stays within the interval (1.331, 1.469). lnPCA2 began to rise resiliently in recent years after a slight decline, and reached its maximum, 4.837, in 2011. The value was 4.832 in 2012.




4.2.3. Non-Metallic Mining


1991–2012
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In 2002, PGIOVA3, PCA3 reached the maximum of the whole time series from 1991 to 2012, lnPGIOVA3 = 1.066, lnPCA3 = 5.066. In fact, compared to the value in 2002, lnPGIOVA3 and lnPCA3 in 2003–2012 both showed a greater degree of decline and did not follow the increasing trend pre-2002, though the data do fall onto the overall fitting curve coincidentally.




4.2.4. Chemical Industry


1991–2002
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In 2002, PGIOVA4, PCA4 reached maximum, lnPGIOVA4 = 2.292, lnPCA4 = 3.373.



2003–2012



lnPGIOVA4 stays within the interval (1.806, 2.045). lnPCA4 began to rise resiliently in recent years after a slight decline, and reached its maximum, 3.293, in 2012.




4.2.5. Metal Industry


1991–2002
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In 2002, PGIOVA5, PCA5 reached maximum, lnPGIOVA5 = 2.612, lnPCA5 = 2.474.



2003–2012



lnPGIOVA5 stays within the interval (2.255, 2.467). lnPCA5 began to rise resiliently in recent years after a slight decline, and reached its maximum, 2.977, in 2012.




4.2.6. The Sum of the Five Major IPPU CO2 Emission Departments


1991–2002
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In 2002, PGIOVA, PCA reached its maximum, lnPGIOVA = 2.351, lnPCA = 4.405.



2003–2012



lnPGIOVA stays within the interval (1.771, 1.988). lnPCA began to rise resiliently in recent years after a slight decline, and reached its maximum, 4.673, in 2012.



Compared with the previous studies on industry EKC, the source of basic data and curve shape are not the same for several situations, but the vast majority of the carbon emission data are from the energy consumption [11,12,15,16], there is almost no carbon emissions EKC analysis caused by industrial production process. On the other hand, from the point of curve shape, although the curve shapes exist in a variety of forms [3,4,5,6,7,8,9,10,14,15,16], the two obvious parts of the scatters have never appeared before. This paper focused on the relationship between industry CO2 emissions and economic activity, and CO2 emissions are accounted for in terms of IPPU rather than energy consumption. Though the surface result is similar with the research [10,16] that an inverted-U EKC does not exist, due to the IPPU CO2 data the first time, our novel use of IPPU CO2 data made our scatter and regression analysis quite different from those of previous researchers. Because of the data result accounting and the curve fitting situation, a new relationship between IPPU CO2 emission and GIOV is put forward for the first time in this paper. The reasons and discussions are as follows.



Prior to 2002, reduction in domestic and foreign demand caused either stagnation or decline in China’s manufacturing sector overall (including the steel, cement, glass, and chemical industries) as well as a decline in the GIOV as prices remained constant and employed population declined, while the decreasing amount is far from the range of laid-off and unemployed workers. Several of China’s state-owned enterprises reduced surplus staff during this time in effort to prevent bankruptcy, maintain (low) production levels, and avoid collapse exponentially of the employed population. This caused the ascendant trend in the GIOV per employed curve.



After 2002, with China’s accession to the WTO, the increasing domestic and foreign demand and widespread new construction of domestic infrastructures required a larger workforce; accordingly, the population of employed persons increased yearly from this point forward. The economic growth rate also tended to be stable in those years, though it grew at a slower rate than that of the worker population. To this effect, the GIOV per worker data moved to the left of the black curve after 2002. After 2010, China’s labor force structure was fairly stable, and the number of workers was around 90 million. As-affected by a sluggish global economy, weakened external demand, slowed domestic infrastructure investment, new real estate market regulations, and other factors, China’s economic growth then slowed down (especially in terms of manufacturing growth rate). The GIOV stalled once again while the GIOV per worker remained unchanged, dropping below the maximum in 2002.



The production increase is related to domestic and foreign demand directly working on increasing CO2 emissions; likewise, emissions decline when production declines. After 2002, IPPU CO2 emissions per employed person in all departments presented a slight decline in 2003, followed by an overall increase until reaching maxima in 2011 and 2012. Among the separate curves for individual department, steel and iron alloy manufacturing and metal industry IPPU CO2 emissions per employed person reached its maximum in 1991–2012, while the remaining departments’ extremum values were slightly smaller than that of the 2002 maximum.



GIOV is affected by the apparent output consumption data accounted in this paper by IPPU CO2 emission, and there was a greater distance between data points in 2003 to 2012 and the fitting curve in 1991–2012 that reflects the greater difference between product output and consumption. Take the iron and steel industry for example, before 2003, China’s steel industry was in short supply and domestic production did not meet the needs of economic development, but, after 2003, with the capacity of expanding and enterprise’s production enthusiasm, the iron and steel industry appeared in the steel stocks. As the economy gradually stabilized over these years, the overcapacity problem got worse noticeably. In 2012, the difference between demand and supply reached its maximum, nearly 300 million tons, and its reflective phenomenon reflects the scatter performance.



In fact, the calcium carbide and lime mining also complies with the principle of the above. In 2002, lnPCA3 and lnPGIOVA3 reached the maximum, then it dipped to a low level.



The scatter we created for the summation of all five major IPPU CO2 emission departments was similar to that of individual manufacturing sectors (apart from that of non-metallic mining, which was quite a bit smaller and had fewer effects on the whole). In 2002, the GIOV per employed person value reached its maximum and then began to decline, as discussed above. The IPPU CO2 emissions per employed person rose slightly after a slight decline in 2002, then reached its maximum in 2012.



According to the classic Kuznets curve theory, carbon emissions and economic growth present the inverted U-shaped curve. However, in this paper, the results show a weaker relationship between IPPU CO2 emissions per worker and GIOV per worker (i.e., two different curve shapes) in terms of IPPU CO2 emissions. These scatterplots may provide a valuable reference for future policy adjustments made to the industrial sector as well.



Especially the data since 2003, which moved to the left above the curve in 1991-2002, the per capita CO2 emissions presents an increasing trend in recent years and reached the maximum in 2011 or 2012. This reflects a serious circumstance: due to small changes in GIOV and the employed population, China’s iron and steel, cement and other industries demand have tended to become saturated and even reduced. While the production is still increasing, the problem of excess production capacity has appeared in China in recent years, and a worsening overcapacity situation has been alarming the government.






5. Conclusions


Based on IPPU CO2 emissions calculating equations in IPCC 2006, this paper preliminarily calculated and established a time series for China’s IPPU CO2 emissions in 1991-2012. Combined with the GIOV and employed population, this paper analyzed the relationship between IPPU CO2 emissions level and industrial economic development, and reached some interesting conclusions.



The overall trend shows that CO2 emissions are determined by the product yield. CO2 emissions increased until reaching a maximum in 2012; the IPPU CO2 emissions related to the employed population and GIOV first steadily declined from 1996 to 2002, then increased from 2002 to the end of the observed time period. Steel and iron alloy manufacturing and non-metallic manufacturing CO2 emissions accounted for more than 80% of total emissions, and up to 82.2% in 2012. The steel and iron alloy manufacturing and chemical industry occupied nearly 60% of GIOV, while non-metal and metal manufacturing industries occupied 20%, and non-metallic mining are only 2%. The non-metallic manufacturing industry had the greatest proportion of the employed population, however, at nearly 30%.



The curves we drew to represent the relationship between GIOV and IPPU CO2 emissions marked a departure from Kuznets curves in previous studies: The scatterplots did not present any classic inverted U-shaped or N-shaped curves. Most of the industrial department (except non-metallic mining) and the sum of all sectors presented two-part curves. Before 2002, the data formed a quadratic or a cubic function curve, and after 2003, GIOV per employed person remained within a certain range while IPPU CO2 emissions per worker fell slightly, then continued to rise gradually.



According to the current situation of economic and employment, it is impossible for large-scale industrial economy to grow and the employed population to change. Therefore, decreasing CO2 emission intensity and per capita indicators should come directly from the CO2 emission source—IPPU. The government should design policy measures from the perspective of the removal of excess capacity and elimination of backward production capacity, namely, reducing new production capacity, repeated use of products whenever possible, and replacing outdated equipment to reduce carbon emissions. Certain processes, such as those practiced in the non-metallic mining industry, metal industry, and chemical industry are unitary and stable and they create only relatively low IPPU CO2 emissions, while steel and cement manufacturing are primary culprits of high IPPU CO2 emissions as well as industries that are traditionally vulnerable to overcapacity. It is absolutely imperative to cut down the CO2 emissions from these two industries.



The most direct path for the cement industry is to reduce production, use up current inventory and extend the service life of cement materials. On one hand, carbonate decomposition can produce a massive amount of CO2 emissions; thus, blasting furnace slag, fly ash and other industrial waste instead of carbonate can be used to reduce IPPU CO2 significantly. In addition, mixed material and mineralizing agent can be applied to the cement clinker production process as well. On the other hand, to improve the cement performance, which would improve the material’s service life, would reduce demand for cement as well. There has been a similar situation in steel and iron alloy products, and some areas’ production has already met the needs of the next 10 years. Reducing production, using up inventory, and smelting scrap steel are the most direct paths to sustainability. A transition to the electric arc furnace could substantially reduce the IPPU values of the steel and iron alloy industries. Though most open-hearth steelmaking production has been eliminated, there is much work yet to be done to make these industries environmentally sustainable. Because the current cement industry and iron and steel industry have gone into a downturn, and there has been no mass production or demand of steel and cement possible in recent years due to the depressed market, it is a golden age to make the scatter return to more normal levels by digesting inventory and adjusting the technology structure. If steel and cement industries do not take advantage of the depressed market situation now and do not adjust structure quickly, the future to reduce the IPPU CO2 emission will be a more serious issue while the rapid economic development appears once again.



Though current IPPU carbon emissions and corresponding GIOV do not show a Kuznets curve, they do indeed show rising trends. The top five industries examined in this study comprise about 20% of China’s total GIOV, reflecting that they are pillars of the country’s economy and central to the livelihood of millions of workers, meaning that substantive changes to infrastructure in the short term are effectually impossible. Instead, promoting investment in industrial capital and equipment is imperative to the technological improvement necessary for environmental sustainability. Improving R & D efficiency to raise product quality, eliminating production of low output value materials, and minimizing energy consumption are also effective paths to a two-fold goal of ensuring valuable products and a healthy economy while ensuring the stable livelihood of the workforce. In effect, sustainability measures can improve the value of GIOV per employed person in China, ushering China into a new era of economic and environmental sustainability.
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