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Abstract
With the high speed development of economy over 30 years, China has experience energy development and use grow, thus discharged carbon dioxide as the world’s largest emitter and  established a binding target that, in 2020 China’s carbon dioxide emissions per GDP will decrease to 40% -45% . This research works out the actual potential of industry structure adjustment from the perspective of China’s industry carbon emission reduction. It means the change in the ratio of the output of a specific industry to that of the whole economy, under the three kinds of scenarios on constraints of carbon emission reduction. First, Energy-Carbon-Emission-Economy Input-Output (ECEIO) table is designed and compile. Second, an optimal input-output model is established which combine the environment system with economy system considering international trade. Third, this model is applied to 2005 China’s ECEIO table with 44 industries, and to 2007 China’s ECEIO table with 15 industries and to 2007 Shanghai’s ECEIO table. It finds that it is necessary to increase the output of high-tech industries and services with a low coefficient of small amount of carbon emission, for examples, mechanism, electricity manufacture, and real estate, finance and other service. Moreover, industry adjustment is sensitive to the energy structure, the speed of economy growth and carbon emission constraints. If the ratio of renewable energy for the change of structure of energy is considered to be increased; the increase range of industry adjustment will rise with the increase in reduction of carbon emission and decline in the speed of economy growth. In detail, small amount of heavy industry with high carbon emission coefficients should be decrease its ratio of output to the whole economy. The degree of decline in ratio of its output to the whole economy should be increase with the increase in reduction of carbon emission and decline in the speed of economy growth. Last, suggestions are given for industry structure adjustment base on the calculated specific indicators to achieve emission reduction targets with less damage of optimal economic growth.

1. Introduction

1.1 Background 
With the high speed development of economy and the increase in population after China’s reform and opening-up, energy development and use has been substantially grow with carbon emissions which have increased accordingly. According to the U.S. Energy Information administration (EIA) statistics, in 2007, China has 6.256 billion metric tons of carbon dioxide emissions (equivalent to 2.642 billion tons of carbon), accounting for 21% of the world’s total emissions and surpassing the U.S. as the world's largest emitter[1]. Under the pressure of international opinion based on the emission reduction requirements and its own development needs, China established a binding target that, in 2020 China’s carbon dioxide emissions per GDP will decrease to 40% -45% compared with 2005’s, and in 2020 the proportion of China’s non-fossil fuels consumption to the total primary energy consumption will decline to 15%. For the next few years, the coal consumption-based energy consumption structure will not change, therefore, the adjustment of the industrial structure, the improvement of energy efficiency and other methods will become the main ways to reduce carbon emissions.
The importance, necessary, difficulty and plausibility of China’s reduction of carbon emission can be analyzed from the change situation in international carbon emission. From US EIA statistic, we calculate the ratio of carbon dioxide emission of six countries with the largest emitter in the world, shown as figure 1. China emitted 2.861 billion metric tons carbon dioxide from the consumption of energy, 12.9% of the world carbon dioxide emission in 1995, as the second largest emitter in the world, and then its emission rose to 7,706.826 billion metric ton in 2009, 25.4% of world carbon dioxide emission, as the largest emitter in the world. Most of the other large emitter’s carbon dioxide emission decreased. USA, the world’s largest emitter in 1995, discharged 5.319 billion metric ton, accounting for 24% of the world carbon dioxide emission, and then slowly increased its emission as 5.424 billion metric ton, 17.9% of the world carbon dioxide emission. The ratio of carbon emission in Russia, Japan and Germany to that of the world decreased respectively from 7%, 5% and 4% to 5%, 4% and 3%. India as a developing country similar to China, discharge carbon dioxide slowly glowed from 4% of the world in 1995 to 5% of the world in 2009. 




Figure 1.1. Ratio of carbon emission by country 
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Carbon emission in 2009
Figure 2 gives the trend of carbon intensity using market exchange rates from 1995 to 2009 for six countries with largest emitter in the world. China’s carbon intensity is the second largest in the world before 2004, next to Russia, and became the largest in the world after 2004. It is 3.053 metric tons of CO2 per 1000 year 2005 US dollar in 1995, declined to1.935 metric tons per 1000 US$ in 2001 and increased to 2.219 metric tons per 1000 US$ in 2005, at last declined to 2.219 metric tons per 1000 US$ in 2009. The decrease range from 1995 to 2009 ( 27.3%) was the second large decline in carbon intensity of the world, next to Russia’s 41.2%. India’s carbon intensity declined from 1.925 metric tons per 1000 US$ in 1995, to 1.406 metric tons per 1000 US$ in 2009, less 27% than the former. The other developed countries had the low carbon intensity, which slowly declined from 0.585 metric tons per 1000 US$ to 0.421 metric tons per 1000 US$ in USA, from 0.364 metric tons per 1000 US$ to 0.269 metric tons per 1000 US$ in Germany, and from 0.274 metric tons per 1000 US$ to 0.249 metric tons per 1000 US$ in Japan at the same time. 
The difficulty in the China’s reduction of carbon emission can be known when comparing the target of carbon intensity declining by 40%-45% within 15 years from 2005 to 2020, to the previous decrease by 27.3%, within 14 years from 1995 to 2009.

Figure 1.2 Carbon Intensity using Market Exchange Rates 
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Figure 3 shows the carbon emission by industry in different countries. Electricity and heat production is a kind of industry with the largest ratio of carbon emission in the whole carbon dioxide sourcing from the energy consumption. From International Energy Agency (IEA), this ratio was 48.3% in China and 42.2% in USA in 2006. Manufacturing industries and construction are the industry with the second largest ratio in China, namely 33.2% in 2006. While transport was the industry with the second largest ratio in USA, name 31.1% in 2006. Moreover, other sectors, including servers and residential consumption differed in the ratio from China to USA, respectively 7.7% and 11.3%. The carbon intensity was different among the sectors. 
Figure 1.3. Carbon emission by industry
[image: image4.jpg]China

0.5

04

0.3

0.2

0.1

of which: residential

Other sectors

of which: road

Transport

Manufacturing industries and..
Other energy industry own use **

Electricity and heat production

United States

0.1 0.2 03

04

0.5




China is able to make the strategy of adjustment of industry structure to reduce the carbon dioxide emission. In general, there are three main ways to deduce carbon emission, including restructure industry structure, reduce household energy consumption, and change the energy structure. In China, coal consumption account for 70% of the whole fuel energy, and it won’t change dramatically at long terms. Chinese urbanization rate reach over 50%, the trend of urbanization will cause the increase in energy consumption of urban household. These two characters determine the necessity of adjustment industry structure. Moreover, this strategy should be implemented without damage the economic growth. 
For the aim of reduction of carbon emission, how China adjust the industry structure? From figure 4, we find the unbalance between the ratio of carbon emission and ratio of output. Heavy manufactures, transportation had the largest ratio of carbon emissions; agriculture, food manufactures, textile, construction and commercial have the less ratio of carbon emission. On contrast, construction, commercial, agriculture, energy industry and high technology had comparative large ratio of output; food manufacture, wood processing, textile and mining have less ratio of output. In detail, heavy industries had the largest percentage of carbon emission. Taking industry 9(Metal processing and manufacture) industry 7(Chemical and Pharmaceutical and Medicine Manufacturing), and industry 8 (Building materials and non-Metallic Materials Industry) for example, their carbon emission takes respectively 28.9%, 13.5% and 9.5% of the total carbon emission, from the first large to the third large ratio of carbon emission. The next largest carbon emission exited in industry 13 (Transportation, storage, and information service), which took 8.6% of the total carbon emission. Among those industries with lest carbon emission, industry 12 (Construction) takes 1.5% of the total carbon emission; the light manufactures, e.g. industry 3 (Food manufacture and tobacco processing), industry 5 (Wood processing and Manufacture of Articles for Culture, Education and Sport Activities), and industry 4(Textile, Wearing Apparel) respectively took 2.1%, 2. 2%, 3.2% of the total carbon emission; for services, industry 14(wholesale and retail trades) took 2.6% of carbon emission; industry 1 (Agriculture) took 3.7% of carbon emission; the carbon emission of industry 6 (Petroleum Processing, Coking and Nuclear Fuel Processing) takes 4.1%. We can find the distribution of ratio of carbon emission is opposite to the distribution of ratio of output. See the ratio of carbon emission. The output of industry 12 (Construction) takes 16.6% of the total output, as the largest ratio to total output; and the output of industry 14 (wholesale and retail trades) takes 16.3% (the second largest); the output of industry 1 (Agriculture) takes 13.1% (the third largest), output of industry 6 (Petroleum Processing, Coking and Nuclear Fuel Processing) takes 11.2% (the fourth largest). Among the industries with comparative small ratio of output, industry 9 (Metal processing and manufacture) raked the fifth, and took 2.9% of total output, which is contrast to its comparative large ratio of carbon emission. Light manufactures, such as industry 5 4 3, had the smallest ratio of carbon emission as 1.0%, 1.6% and 2.5% respectively. The next smallest is mining, industry 2, had took 2.6% of carbon emission. The industries with smallest output ratio consisted to those with smallest carbon emission ratio. Therefore, we can infer the plausible industry adjustment strategy as that it is necessary to decrease the output of those industries with high carbon emission ratio but low output ratio, such as industry 9; on the other hand, it may increase the output of those industries with low carbon emission ratio but high output ratio, such industry 14, 12 and 7. However, how much extend the industry output will change should be determined based on more effective methods. Thus we need to construct an Energy-Carbon Emission-Economy Input-Output table. This table is the data base of establishing the association between production and consumption among different industries, and energy consumption and emitted dioxide carbon during production and consumption.
Figure 1.4 Comparison of carbon emission and output by industry
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Data source: 2008 China’s energy year book, 2007 China’s Input-Output table (the index of industry refers to appendix 1)

Since adjustment of industry structure should not damage the economy, our objective is to maximize the GDP at planning year. Moreover, the association of industry and household, and their linkage to fuel energy consumption and carbon emission, should be considered in our analysis. Therefore, we build an optimal model which includes the objective of GDP and constraints of production and carbon emission. 

 The following section gives the literature review of the current research on the low carbon economy. Section 3 is establishment of Energy-Carbon Emission-Energy Input-Output table. It links the production of each industry and consumption to the fuel energy consumption, as well as to the embodied carbon emission. Base on this table, in section 4, we can present an optimal input-output model, with maximize objective of GDP and constraints of carbon emission, to investigate how to realize the target of reduction of carbon emission by industry adjustment, and simulate the optimal industrial structure. Here are some scenarios with assumption economy growth, energy structure change, and carbon emission target. The final section gives some simulation results and suggestion on the policy of industry structure adjustment.

1.2 Literature Review
IPCC Fourth Assessment Report (IPCC-TAR, 2001) [2] has summarized the international carbon emissions forecasting model into the top-down (top-down) and bottom (bottom-up) two types. The former can be used to describe the interactions between macro-economic, and also could be divided into macro-economic model [3] and the CGE model [4]. The latter focused on the analysis of micro data and technical data. In order to restructure industries and develop the low-carbon economy from the point of view of macro-adjustment, we take the former model. 
CGE model is most popular in Climate-Energy-economy model. The model was developed by combination of the energy model and economic model in 1980 and 1990[5-10]. The model is divided into AGE model with econometrics method [12-13] and the model with calibration by literature, the former can obtain the precise parameter, however, because it is lack of data in carbon emission and they are inaccurate, the present model are the latter. The issue analysis on by the model includes the feedback effect of pollute on economy[14] and research on the effect of technique advantage on cost of reduction of carbon emission[15-16], the influence of environmental tax and carbon tax on social welfare[17-18], analysis on the cost of “Kyoto protocol” and lose in GDP. Development research center of the state council of China develops the model of GAINS[19] and analysizes the law of pollution controlling in China, technology of controlling in emission, cost effective strategy, reduction of energy consumption and controlling the quality of air and reduction of emission of green house gas ; it, based on CGE model, also analysis on the policy of energy saving and environment conservation, respectively give scenarios on energy tax and environment tax at national level, and simulation on the policy effect by multi-regional CGE model, and find that different distribution of discharge right will not bright out the efficiency variance in total, but difference in equality of policy, the principle of per capita entitlement  superior to the principle of history[20].
We take input-output analysis because it is the most effective system analysis method, and it can reflect the industrial structure, and relate the production to carbon dioxide originated by fuel energy consumption. Therefore, we can apply it to restructuring output by industry on the purpose of reduce carbon emission. Moreover, it has many advantages in application comparing to CGE model: 1) variables are endogenous, so output, value added and final demand are determined by economy system itself; 2) models can be verified, linear and easy to computation. Hence, if we assume the suitable parameter and technology, it is easy to realize the refiguration of output by industry consistent with carbon emission.
Leontief first used the input-output model for the analysis of environmental issues. Comparing to CGE model, it is more concentrating on the connection between industries [21]. Since then, many economists improved the research of the theory and application in the field resource and environment. Recently it is used in analysizing the energy and carbon emission, Miller and Blair apply it to analysis on the energy consumption of economic system caused by final demand[22]. Lenzen estimates greenhouse gases of the initial energy embedded in goods and services[23]; Hawdonand Pearson (1995) shows the complex relation between energy, environment and economic welfare[24], Proops et al. (1993) demonstrate the changes in concentration of atmospheric carbon dioxide as well the changes of industry structure will affect carbon emission in the future 20 years. Recent studies use the methods such as structural decomposition techniques and sensitivity analysis in the input-output analysis, to build the relationship between carbon emissions and the industrial structure and economic development[25-27]. China's current research based on static analysis focuses on the use of national input-output table of carbon emissions [28-31].
Chen Xikang, researcher of Chinese Academy of Sciences has presented IO technology, and has applied it to energy, water, environment, education, international trade and many other fields; In recent years, the nonlinear and dynamic implication of IO technique enables the technique to be used for long-term forecasting and planning, which is the outstanding feature of this research, and get an outstanding contributions to the prediction food output in the country [32]. Xia Yan, combining the input-output analysis and linear programming technologies, has studied China’s industrial restructuring potential in order to achieve the 2020 carbon intensity targets [33]. Spatial input-output model provides a theory framework of research on the inter-regional and industrial complexity relation [34], but there are only a few application because of difficulty in data collection[35-36] Combination of the input-output model with linear programming, optimal control technologies etc. Peters Clen et al(2009) and Wiedmann at el (2008) makes use of MRIO model analysis the effect of Chinese carbon emission and British carbon emission[37-38]. 

Literature about optimization of industrial structure for the study of low-carbon path of economic development has rarely been found with ways combining the input-output model and linear programming. China, with a vast size and all places varies widely for economic development and energy use, is surely to be different to facilitate the different development of characteristics of the industrial restructuring plan to achieve the carbon demission goals. This paper will build up an optimal input-output model to simulate the optimal industrial structure and presents some suggestion on how to develop carbon economy.
2. The Energy-Carbon-Economy Input-Output table
2.1The Energy-Carbon-Economy Input-Output table

We compile an Energy-Carbon-Economy Input-Output table (ECEIO). It gives quantitative and valuable association between the supply of various industries (including industry of energy by type) with demand of these industries and households, and embodied carbon dioxide during production and consumption. The fossil energy burning activity can emits carbon emission and 90% of carbon emission mainly origin from fossil energy consumption. Since fossil energy of different type discharge carbon dioxide at different ratio, it need to compile an Energy-Carbon Emission -Economy table, which shows energy by type is produced and supplied by different energy industry, and is consumed or used by different industry or consumer. The energy’s consumption and usage are respectively shown in this table because the former is composed of final consumption of fossil energy and the loss of energy, but the latter also include transformation loss of energy. This table shows completely the usage and consumption of energy by type in each industry, its embodied carbon emission, so as compute intensity of carbon emission in each industry (carbon emission per GDP/output). The direct and indirect carbon emission embodied in the production and consumption can be reflected through input-output model embodied carbon emission, in further, an optimization input-output model can be developed to measure the potential capability of different industry. 
The calculation of the carbon emission in the ECEIO table has two important issues. First, carbon emission in an industry is accounted by summarizing the consumption or usage of energy by type in this industry multiplied the corresponding coefficient of energy of this type. Most researches not distinguish the consumption of energy and usage of energy, which is crucial to precisely account the carbon emission. The consumption of energy by type accounted in ECEIO table is different with the total consumption of energy by type, an index in the “China’s Energy statics year book”. The total consumption of energy by industry refers to the total amount of energy which is used to produce the products of this industry. It includes the part of energy purchased from other industry for final usage of production, and the part of indirect consumption of energy, which is the secondary energy produced in and used by this industry itself, and then input to this industry for the final usage of production. In the “China’s Energy statics year book”, the total consumption of energy in chemical includes the purchased fuel oil and coking coal for production of chemical materials, and the electricity, which is produced by the thermal power established by the chemical industry and used or purchased by this industry itself. So the total consumption of energy is reflected as the usage of energy in ECEIO table. The total consumption of energy is divided into final consumption of energy, processing and transaction of energy, and the loss of energy. The final consumption of energy refers to energy of all types purchased from other industry, which is consumed directly in this industry and for the production of products of this industry. The input and output transformation is the embodied energy in the secondary energy during input transformation. For example, the energy embodied in thermal power, is transformed from the input of primary energy. The loss of energy is the actual loss of transformation during the secondary energy production. The consumption of energy in ECEIO table is composed of the final consumption of energy and the loss of energy, but not the transformation of energy. The carbon emission of each industry is originated from final consumption of energy, and energy processing and transformation, and loss. The final consumption of energy includes the part of usage of energy as raw material, not as burning fossil energy, which should be deduced from the used energy for carbon emission in this industry. In the ECEIO table, we account the consumption or usage of energy by type as the basis of calculation the carbon emission. Moreover, the carbon emission origin from consumption of energy and that from usage of energy are both computed and compared. The former is mainly accounted based on the final consumption of energy by type; the latter based on the total consumption of energy by type.
Table 2.1 Energy-carbon emission-economy input-output table
	output
input
	Intermediate usage
	Final usage
	Total output

	
	energy
	Non-energy
	Rural consumption
	Urban consumption
	Government consumption
	…
	

	input
	Intermediate input
	Energy industry
	Coal producing and selection
	billion Yuan
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	Coal

Carbon
	ton(/ton standard coal)
standard ton
	
	
	
	

	
	
	
	…
	…
	
	
	
	

	
	
	
	…
	…
	
	
	
	

	
	
	
	Gas production and supplying
	billion Yuan
	
	
	
	

	
	
	
	Gas

Carbon
	M3(/ton standard coal)
standard ton
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	Total Usage of energy

Total Consumption of energy
CO2 emission
	ton standard coal

ton standard coal

standard ton 
	
	
	
	

	
	
	Non energy industry
	agriculture
	billion Yuan
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	…
	…
	
	
	
	

	
	
	
	…
	billion Yuan
	
	
	
	

	
	
	
	The third industry
	
	
	
	
	

	
	
	Intermediate input in total
	billion Yuan
	
	
	
	

	
	Value added
	Fix capital depreciation
	104  Yuan
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	Remuneration of labor
	104  Yuan
	
	
	

	
	
	Tax and profit
	104  Yuan
	
	
	

	
	
	Value added in total
	104  Yuan
	
	
	

	
	Total input
	104  Yuan
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Note: The unit of value is 104 Yuan. The unit of volume is measured both as physic quantity and transferred standard unit. Physic quantity unit is denoted for raw coal, crude oil, Petroleum products, Coking products as ton, for natural gas, oven gas, LPG as cube meter, for hydro power and nuclear, and thermal power respectively as kW•h, heat kJ. Consistent unit, energy of various types can be measured as standard coal.
Secondary, carbon emission coefficient of energy of type is different. For primary energy, carbon emission coefficient refers to standards of US Oak Ridge National Laboratory，or 《2006 IPCC Guidelines on National Greenhouse Gas Inventories》, here we index the standard to 国务院发展研究中心报告. For the second energy source, such as electricity and thermal heat, makes processing and transformation of the primary energy source, so its coefficient is decided by composition coefficient of primary energy source. This composed coefficient can be calculated by the transformation term of electricity or thermal heat in energy balance table. It gives more accurate method than the fixed coefficient in the other research or computed coefficient according to the assumed input source. From the energy balance table, input to electricity (or heat) of primary energy of type is multiplied its carbon emission coefficient and then divided by the output of electricity (or heat). The result value gives more precisely the carbon emission coefficient of electricity (or heat). 

In the ECEIO table, energy of type is distinguished between primary energy and secondary energy. The type of energy as raw material is other coking products, and other petroleum products, and so on. They should be deduced from the usage or consumption of energy when calculating the carbon emission. Energy of type is accounted in value and in the standard quantity (ton standard coal); the latter unit is corresponded to unit of the carbon emission. This table connects the value of economic system to the volume of consumed energy of type and embodied carbon emission. We can calculate the direct and indirect consumption and usage of energy by type in different industry, and the direct and indirect emitted carbon dioxide in products, and export and import. 
The ECEIO table is shown as table 2.1. The industries are classified into energy industry and non-energy industry. Energy industry consists of primary energy industry and secondary energy industry. The former includes (1) Coal Producing and Selection, (2) Oil Producing and Selection, and (3) Natural Gas Producing and Selection (4) Hydro Power and Nuclear; the later includes (5) Thermal Power, (6) Petroleum Processing, (7) Coking, (8) Steam and Heat Water Supply, (9) Gas Supply. The energy industry can be classified into fossil energy industry and non-fossil energy industry, renewable and non-renewable energy industry. The industry (4) is non-fossil energy and renewable energy; other industries are the fossil energy, and non-renewable energy. All of the industries and energy type is listed as table 2.2.

The row of ECEIO table reflects the usage and consumption of product of energy industry and non energy industry. Output of energy of all types (
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The column of ECEIO table reflects the input of energy industry and non-energy industry. The total input of energy industry (
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The unit of usage of energy 
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 can be transferred to the standard unit (ton standard coal). So we can measure the total energy usage and total energy consumption,
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Here, 
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 is the total number of energy industry.

The consumption of energy discharge carbon dioxide. The energy of different type emits the carbon dioxide at different emission rate. The carbon dioxide emitted by consumption of energy of type 
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 is the CO2 emission coefficient of type
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. It is consistently link to the energy consumed unit of ton standard coal. Carbon emission coefficient is measured according to the equation and data in 《2006 IPCC Guidelines on National Greenhouse Gas Inventories》, 

CO2 emission coefficient (
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)=carbon embodied ×net thermal value×oxidation rate     (2.4)
The carbon emission coefficients of energy by type are shown in table 2.3. The thermal power or heat is computed by carbon emission of all input of energy by all types for one unit of the output of product of thermal power or heat according to the energy balance table of each year. 
The sum of carbon dioxide emitted by consumption of energy of type 
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The matrix of intensity of used energy is 
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 is the total usage of energy for one unit of production of industry
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, is the final consumption of energy for one unit of production of industry
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From ECEIO table, we obtain the equations as follows:
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2.2 Table of usage and consumption of energy in ECEIO
The table of usage and consumption of energy is the base of compiling ECEIO table. The usage of energy is the sum of the final consumption, the energy of processing and transformation, and the loss from the point of view of input. Because the energy of the intermediate transformation is classified into thermal power, heating supply, coal washing, coking, petroleum refineries, gas works, and briquettes according to the secondary energy production technical, total energy consumption by industry is computed as the sum of the final consumption of energy by industry, and the intermediate transformation according to the different production technical. The term “2.Input(-) & Output (+) of Transformation” in “China’s energy balance table” gives the consumption of energy by type during the process of “thermal power, heating supply, coal washing, coking, petroleum refineries, gas works(Coke input (-)), and briquettes”. Taking thermal power for example, many types of energy are input into the production of thermal power, the sum of input energy of types is the total input of energy in the thermal production. The final consumption plus loss, and the energy of the transformation of corresponding energy in the term “thermal power, heating supply, coal washing, coking, petroleum refineries, gas works, and briquettes”，form the table of “final consumption + loss + loss of transformation”, namely the table of energy consumption. The term “3.loss” in “China’s energy balance table” gives the loss of energy by type. This part of energy can be assigned by the ratio of final energy consumption into various industries, including the consumption of rural and urban household. Let loss 
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 is the amount of energy of final consumption by industry. The energy consumption by industry is
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The energy consumption by input method is
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Combining “China’s energy balance table” with “final energy consumption by industrial sector”, we can account matrix of energy usage and consumption in ECEIO table. This is the core to calculate the carbon emission. The part of matrix of energy’s usage and consumption among the energy industries in 2005 is shown as table 2.2. This table gives the quantitative amount of usage of energy and consumption of energy. The consumption of energy of each type in each energy industry is obtained from “final energy consumption by industrial sector” in 2005. In secondary energy industry, the transformation from energy of each type and loss from “China’s energy balance table” in 2005 is added into the consumption of energy of each type. The summarized figure is the usage of energy of this type. The figure in blank is the consumption of energy when it is different with the usage of energy. Similarly, from the “final energy consumption by industrial sector” in 2005, the matrix of energy consumption among the non-energy industries and households can be obtained, which are the same with energy usage among these industries. These tables can be compiled as standard unit (104 ton standard coal). 

2.2 The energy usage and consumption among energy industries in 2005

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1 Coal(104 ton)
	9165.28

（4583.17）
	125.02
	9.50
	0.00
	105673.95

（2410.461）
	51.48
	32744.86

（1077.8）
	13788.25

（246.25）
	1354

(77.04)

	2 Oil (104 ton)
	0.00
	522.36
	8.18
	0.00
	21.45

(0.17)
	29195.18

(154.67)
	0.00
	0.33

(0.002)
	0.26

	3 Nature Gas(108 Cu. M3)
	1.71
	0.30
	56.15
	0.00
	31.97(0.45)
	3.49
	11.27
	23.17(0)
	8.84

(4.59)

	4 Hydro & Nuclear Power (108 kW•h)
	106.54
	65.78
	3.86
	565.43
	0.00
	56.49
	0.16
	103.66
	5.40

	5 Thermal Power(108 kW•h)
	481.58
	297.33
	17.46
	0.00
	2555.89
	255.37
	0.72
	468.56
	24.39

	6 Petroleum Product(104 ton)
	89.44
	224.60
	28.59
	0.00
	1579.71

(106.21)
	293.68
	39.26
	174.91

(3.08)
	27.71

(13.32)

	7 Coking(104 ton)
	34.55
	0.27
	0.01
	0.00
	4.87
	0.00
	61.71
	0.88
	229.51

(1.6)

	8  Heat(104 million KJ)
	297.91
	5242.08
	0.00
	0.00
	10572.66
	25843.93
	2922.81
	3.54
	220.01

	9 Gas(108 Cu. M3)
	3.64
	0.00
	0.01
	0.00
	167.92

(1.24)
	0.00
	48.92
	95.09

(0.04)
	10.98

	Total usage
	5587.99
	1762.37
	797.12
	694.91
	76982.01
	43483.16
	29352.42
	11231.86
	1677.39

	Total consumption
	4285.23
	1760.32
	797.12
	694.91
	5541.45
	1984.62
	1839.60
	900.16
	381.22


2.3 Table of carbon emission in ECEIO table
We compile the part of carbon emission in ECEIO table. It is obtained from the usage and consumption of energy. Carbon Emission Caused by the consumption of energy excludes the consumption of energy for materials because the part of energy is not burnt and not bring into carbon emission. The carbon emission of industry
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The carbon emission can be accounted completely according to the usage of energy excluding the part of energy as material. To avoid repeated computation, the carbon emission of industry 
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 by energy type 
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The carbon emission of industry 
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From the compiled ECEIO table, carbon emission in 2005 is 2.4 billion metric tons from usage of energy and 1.3 billion metric ton from final consumption of energy. Figure 2.6 respectively gives the share of 44 industries to the total carbon emission, and the share of rural/urban households. The industry with the largest share of carbon emission is the energy industry if carbon emission including transformation of energy; otherwise, it is the heavy industries. Among the carbon emission from usage of fossil energy including transformation of energy, the largest share of emission exits in these industries: 5 Production and Distribution of Thermal Power (25.6%), 6 Processing Petroleum (10.9%), 7 Coking (9.1%), 30 Smelting and Pressing of Ferrous Metals (10.8%), 42 Transportation, storage, Storage and Post (4.1%), 8 Production and Distribution of Heat Power (3.7%); Among the that from final consumption of energy, the largest share are from these industries: 30 Smelting and Pressing of Ferrous Metals (19.4%), 29 Manufacture of Non-metallic Mineral Products (9.8%), 24 Manufacture of Raw Chemical Materials and Chemical Products (9.6%), 42 Transportation, storage, Storage and Post (7.3%),  5 Production and Distribution of Thermal Power (6.3%). 
Figure 2.1 Share of carbon emission by industry
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As for carbon emission intensity in 2005, production of 10000 Yuan output bring out 0.77 metric tons carbon dioxide from usage of energy and 0.43 metric tons from consumption of energy, 10000 Yuan value added cause 1.29 metric tons carbon dioxide from usage of energy and 0.72 metric tons from consumption of energy. We can get two characteristics of the carbon intensity of each industry shown in figure 2.2. (1) The energy industry has the largest carbon intensity, and the intensity of carbon from the usage of energy is much larger than that from the consumption of energy. 8 Production and Distribution of Heat Power bring out 53.98 metric tons carbon dioxide from usage of energy and 8.22 tons from consumption for 10000 Yuan output, and 100.45 tons from usage of energy and 15.29 tons from consumption of energy for 10000 Yuan value added, 7 Coking as per 104 Yuan output 35.67 metric tons carbon dioxide from usage of energy and 2.12 tons from consumption, and per 104 Yuan value added 61.91 tons from usage of energy and 3.67 tons from consumption of energy, 5 Production and Distribution of Thermal Power as per 104 Yuan output 9.46 metric tons carbon from usage of energy and 1.31 tons from consumption, and per 104 Yuan value added 12.31 tons from usage of energy and 1.7 tons from consumption of energy, 6 Processing Petroleum as per 104 Yuan output 4.78 metric tons from usage of energy and 0.36 tons from consumption, and per 104 Yuan value added 12.72 tons from usage of energy and 0.95 tons from consumption of energy. (2)The heavy industry has the comparative large carbon intensity. 30 Smelting and Pressing of Ferrous Metals bring into 2.29 metric tons carbon dioxide from usage/consumption of energy for 10000 Yuan output, and 5.41 tons from usage/consumption of energy for 10000 Yuan value added. 29 Manufacture of Non-metallic Mineral Products bring into 1.22 metric tons carbon dioxide from usage/consumption of energy for 10000 Yuan output, and 5.85 tons carbon dioxide from usage/consumption of energy for 10000 Yuan value added. 24 Manufacture of Raw Chemical Materials and Chemical Products bring into 2.25 metric tons carbon dioxide from usage/consumption of energy for 10000 Yuan output, and 3.04 tons carbon dioxide from usage/consumption of energy for 10000 Yuan value added. 

Figure 2.2 Carbon intensity in 2005 (unit: ton/104 Yuan)
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2.4 Ways of reduction of carbon emission
From ECEIO table, first, reducing the carbon emission requires changing the industry structure. We compare the CO2 share of each industry to all industries with the output share of each industry to the total output. Figure 2.3 shows the share of CO2 from final consumption of energy, and the output share of each industry to the total. On one hand, the heavy industry and energy industry take the large share of carbon emission from final consumption to that of all industries, but less share of value added to GDP. For example, 30 Smelting and Pressing of Ferrous Metals takes 21.8% of carbon emission in all industries and 3.6% of output to the total output, 29 Manufacture of Non-metallic Mineral Products as 11% of carbon emission and 1.9% of output, 5 Production and Distribution of Thermal Power as 7.2% of carbon emission 2.1% of value added in all industries. On the other hand, services and high technology industry take the large output share but less carbon emission share. For example, 44 Real estate finance and other service takes 17.7% of output to the total output and 4.5% of carbon emission in all industries, 43 wholesale and retail trades takes 7.8% of output and 2.6% of carbon emission in all industries. 33 Manufacture of General Purpose Machinery as 1.1% of carbon emission, and 2.6% of output; 34 Manufacture of Special Purpose Machinery has 0.7% of carbon emission and 1.6% of value added; 35 Manufacture of  Transport Equipment has 1.1% of carbon emission and 3.1% of value added; 36 Manufacture of Electrical Machinery and Equipment has 0.6% carbon emission and 2.3% of value added; 37 Manufacture of Communication Equipment Computers and Other Electronic Equipment has 0.8 of carbon emission and 4.1% of value added. Reduction of carbon emission can be realized through increase the output of high technology industry with less carbon emission, and decrease the output of heavy industry and energy industry with high carbon emission.
Figure 2.3 The CO2 share and value added share of each industry

[image: image194.emf]0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

CO2 

share

Output 

share

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22

23 24 25 26 27 28 29 30 31 32 33

34 35 36 37 38 39 40 41 42 43 44


Secondary, reducing the carbon emission requires changing structure of energy input by industry. Among the all types energies, the hydro power and new clear power do not emit carbon emission, fossil energy emit carbon dioxide with different rate. The output requires different amount input of energy by type, emitting different amount of carbon dioxide. According to figure 2.4, the carbon emission from the usage of energy has 47.3% from coal, 10.2 from oil, 1.1% from nature gas, 21.6% from thermal power; the emission from the consumption of energy has 38.5% from thermal power, 25.7% from coal, 12% from petroleum product and 11.9% from coking. Reduction of carbon emission requires deducing the input of energy of type with high carbon emission coefficient and increasing input of energy of type with low carbon emission coefficient. Figure 2.4 shows the carbon emission coefficient of each industry by energy type.  Comparing to other energy, coal and thermal power emit at largest extent of carbon emission for 10000 Yuan output of secondary energy industry. coal emit 43.4 tons carbon for 10000 Yuan output of 8 Production and Distribution of Heat Power, 34.6 tons carbon for 7 Coking, 8.1 tons carbon for 10000 Yuan output of 5 Production and Distribution of Thermal Power, 2.2 tons carbon for 10000 Yuan output of Gas from usage of energy. Thermal power emit 7.3 ton carbon for 10000 Yuan output of 8 Production and Distribution of Heat Power, 1 ton carbon for 10000 Yuan output of 5 Production and Distribution of Thermal Power from both usage and consumption of energy.  Among the non-energy industry, the carbon emission coefficient in heavy industry is comparative large. Coal emit 1.5 ton for 10000 Yuan output of 29 Manufacture of Non-metallic Mineral Products, coking 1.2 tons carbon for 30 Smelting and Pressing of Ferrous Metals, thermal Power emit 0.8 ton carbon for 10000 Yuan output of 31 Smelting and Pressing of Non-ferrous Metals, 0.5 ton in 29 Manufacture of Non-metallic Mineral Products, 0.5 ton in 30 Smelting and Pressing of Ferrous Metals. On contrary, the hydro power and new clear power has no carbon emission. Oil and nature gas has the low carbon emission. The carbon emission coefficient of oil and nature gas in high technology industry and service is the lowest. It is below 0.1 ton carbon for thousand Yuan of output in 44 Real estate finance and other service, 43 wholesale and retail trades 33 Manufacture of General Purpose Machinery 34 Manufacture of Special Purpose Machinery 35 Manufacture of Transport Equipment 36 Manufacture of Electrical Machinery and Equipment 37 Manufacture of Communication Equipment Computers and Other Electronic Equipment. The reduction of carbon emission can be realized through deduce the input of coal and thermal power in energy industry and heavy industry, and increase the input of oil and nature gas in high technology industry and service.
Figure 2.4 Carbon dioxide shares by type and carbon intensity of industry by type
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3 Adjustment potential of industry structure to reduce carbon emission
3.1 Mechanism of adjusting industry structure to reduce carbon emission

Industry structure is adjusted to reduce the carbon emission in total. The mechanism is preformed as shown in figure 3.1. The energy system with 9 types of energy is associated with economy system with all kinds of industries and households. The carbon dioxide is emitted during the production of industry when using or consuming the energy of all types by different rate. If the industry structure is adjusted well, the carbon emission can be reduced without decrease of the total output or GDP. One the one hand, China reduces the output of industry with high carbon emission coefficient (heavy industry) and increases the output of industry with low carbon emission coefficient (high technology industry). The input of energy to heavy industry decrease, which further induce the energy input of other industries decreasing, so carbon emission decrease; while the input of energy to high technology industry increase, which further induce the energy input of other industries increasing, so carbon emission increase. The directly and indirectly carbon emission caused by the decrease in the output of heavy industry is more than the directly and indirectly carbon emission caused by the increase in the output of high technology. On the other hand, China reduces the output of industry with low total demand coefficient or low value added rate, and increases the output of industry with high total demand coefficient or high value added rate. It made the total output or GDP increase. The strategy of adjustment of industry structure has two effects. One is changing the energy input and reducing emitted carbon emission; another is changing the relationship of input and output among industries and increase the GDP or total output.
Figure 3.1 adjustment of industry structure to reduce CO2
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Note: the CO2 intensity and value added rate are obtained according the ECEIO table in 2007 with 15 industries.
The strategy can be known through comparing CO2 intensity and value added share by the industries. Through compiled ECEIO table in 2007 (the index of industry refers to appendix 1), we can find that services and agriculture have less CO2 intensity (1.37 ton per 1000 Yuan) and larger share of value added in output (3.7%). Heavy manufactures have the largest CO2 intensity as well as largest value added share (rate). For example, CO2 intensity of industry 9 Metal processing and manufacture was 47.21 ton per 1000 Yuan, that of industry 7 Chemical and Pharmaceutical and Medicine Manufacturing was 9.65 ton per 1000 Yuan, and that of industry 8 Building materials and non-Metallic Materials Industry was 9.41 ton per 1000 Yuan, the share of value added to output in these three industry were 28.9%, 13.5% and 9.4%. High technical manufacture, for example, industry 10 Mechanic, electronic equipment and other manufacturer, have less CO2 intensity, namely, 6.00 ton per 1000 Yuan, but comparative large value added share (rate), i.e. 5.0%; Light manufactures have comparative large CO2 intensity but less value added share (rate). CO2 intensity of industry 5 Wood processing and Manufacture of Articles for Culture, Education and Sport Activities, industry 4 Textile, Wearing Apparel, and industry 3 Food manufacture and tobacco processing were respectively 10.16 9.34 and 4.04 ton per 1000 Yuan, and the share of these industries were 2.2%, 3.2% and 2.1%. Energy industries, for instance, industry 6 Petroleum Processing, Coking and Nuclear Fuel Processing and industry 11 Electricity, heat power and water production and supply have comparative less CO2 intensity, i.e. 1.75 ton per 1000 Yuan and 4.75 ton per 1000 Yuan, as well as comparative less share of value added, i.e. 4.1% and 5.6%. However, industry 2, Mining, had comparative large CO2 intensity, i.e. 10.17 ton per 1000 Yuan and small share of value added, i.e. 5.5%. 
3.2 Potential of adjusting industry structure to reduce carbon emission

We research on the potential of structure adjustment on the reduction of carbon emission. China can improve the percentage of industry with low carbon emission among the whole national economy to achieve the total amount of carbon emission of the whole country. Industry structure adjustment reflects the change in the ratio of different industry output to the national economy results in the change in the amount of dioxide carbon amount of the whole economy. A good research way is to connect input of various kinds, including energy, to the output of national economy of various industries. The output of each industry corresponding to the carbon dioxide resulted from consumption of fossil energy. We use the carbon coefficient to reflect the relation between output of various industries and carbon dioxide emission. In the future, the industry structure change in developing country is very large. The ratio of Chinese gross domestic production of three industries is 10.3：46.3：43.4 in 2009, meanwhile, the sum of GDP of the first industry and the second industry 19.3 trillion Yuan，next to American and superior to Japan. The productivity of the first industry is low, the second industry has high pollution and high emission, the third industry has low carbon emission coefficient and high profit. Assume the GDP of China in 2020 will reach to or near to that of America, the production of various industries will be adjusted to make the output of industry with high emission reduced and the output of industry with low emission increase so as to the emission of whole country reduction.

We assume economy growth rate reach to the foresee target and total amount of carbon emission below the foresee target, thus we get the potential capability of adjustment of industry structure, hence the reduction of carbon emission. The potential capability of adjustment of industry structure refers to the difference of output of various industries at present structure and that of optimal structure. Through setting the various scenarios of industry structure adjustment, we give the scenarios of reduction of carbon emission permitted, the potential capability vary from the various industries. It is defined as the difference between outputs of each industry at present with that of optimal structure given carbon emission constraint. The minus refer to the potential capability for output to decrease, and positive means the potential capability for output to increase. The potential capability has more amounts, then this industry has more space to be improved or optimized so that the contribution of this sector is large; the potential capability has fewer amounts, the industry has less space to be improved or optimized so that the contribution of this industry is small. The potential capability of adjustment of industry structure is shown as,
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3.3 Optimal input-output model
Target of carbon emission is classified into two types: target of intensity of carbon emission and that of absolute amount of carbon emission. Assuming the carbon emission is produced by fossil energy consumption, other non-fossil energy consumption and ecology activity don’t produces dioxide carbon, we calculate three scenarios with three cases, they are constraints under three growth rates with two types of target of carbon emission.
The first target is that of intensity of carbon emission. China presents the target of decreasing the intensity of carbon emission that, in 2020 China’s carbon dioxide emissions per GDP decreased to 40% -45% compared with 2005’s, and in 2020 our nation’s non-fossil fuels declined to 15% around proportion in primary energy consumption. From this, we can calculate the index of the constraints of carbon intensity. Let intensity of carbon emission (
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) equal to the total amount of dioxide carbon produced by energy consumption (
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) divided by national production amount (
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Thus the index of reduction of carbon emission in average of 15 year from 2005 to 2020 should reach to
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Table 3.1 The index of intensity of carbon emission and the carbon emission per year (%)
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Intensity of carbon emission
	Growth rate of GDP（m）
	Total amount of carbon emission（r）
	Intensity of carbon emission
	Growth rate of GDP（m）
	Total amount of carbon emission（r）
	Intensity of carbon emission
	Growth rate of GDP（m）
	Total amount of carbon emission（r）
	Intensity of carbon emission
	Growth rate of GDP（m）
	Total amount of carbon emission（r）

	 -5.93
	9
	2.53
	-6.35
	9
	2.08
	-6.76

	9
	1.63
	-9.14
	9
	-0.4

	
	8
	1.60
	
	8
	1.14
	
	8
	0.70
	-8.30
	8
	

	
	7.5
	1.12
	
	7.5
	0.67
	
	7.5
	0.23
	-7.44
	7.5
	


We assumes the province target of reducing the intensity of carbon emission is consist to that of whole country, then total carbon emission by production in various industries in total is reduced arrange from 5.93% to 6.76%. In order to analysis in more detail, we take the mean value of target of carbon emission，then the index of target of carbon emission intensity has high value（5.93%）, middle value（6.35%）, and low value（6.76%）. To research on the industry structure adjustment potential, we assume growth rate per year of GDP has three cases, that is the growth rate of GDP is quick growth rate（9%）, normal growth rate（8%） and slow growth rate（7.5%）three cases。From above assumption, we obtain the three scenarios with different change in the amount of carbon emission and the intensity of carbon emission (shown as table 3.1）.
It researches on the effect of energy structure and effectively changes on carbon emission. Assuming the carbon dioxide produced by fossil energy, the amount of carbon emission is calculated as energy standard coal, then carbon emission produced by coal is largest, oil is less, and gas is lest. While the renewable energy, including the bio fuel, solar energy, wind energy and geothermal energy, and so on, don’t discharge carbon emission. To calculate the carbon emission from energy activity requires energy consumption and carbon emission transaction. Carbon emission coefficient is measure according to the equation and data in 《2006 IPCC Guidelines on National Greenhouse Gas Inventories》 and the National Statistic Bureau 《energy statistic yearbook》.
In future, the development of energy of world is to reduce the consumption of fossil energy and increase the ratio of renewable energy to the whole energy, and improve the efficiency of energy. Foresee this ratio in 2020 will reach to 15%. In 2009, China has energy structure of which has coal consumption as main consumption with high carbon emission. Coal consumption takes 70% of energy consumption, oil takes 17.8%, gas takes 2.9%, water and nuclear power takes 8.3%. Thus the renewable energy will rise from 8.3% in 2009 to 15% in 2020. We can assume that the increase rat of renewable energy each year as 5.4% of that of last year
. Assuming the percentage of substituting fossil energy by renewable energy is consistent for every industry. We can measure the coefficient of carbon emission in future. In the case of economy growth, to guarantee the safe of energy and environment, it is necessary to change the energy structure and efficiency for the potential capability of reduction of the carbon emission. 
This paper builds the optimization input-output model. The goal is to model the largest GDP in input-output relations, carbon emission constraints and different economic growth scenarios; the establishment of industrial restructuring goal programming model is as follows:
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 is the current rate of carbon emission compared with the rate at initial time. It is set according to the three target of reduction of carbon emission high, middle and low and three case of growth rate of GDP. [image: image224.wmf]V

is value added rate row vector, GDP is the gross domestic production at initial time，
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for current GDP growth rate compared with that at initial time, corresponding to the growth rate of three case. The subscript 
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 are lower and upper bounds respectively. There are no low bound for production and export, and no up bound for import. The up bound of output is 125% output of various industry of past year（ten Raa，2009）.  

Specific constraints are explained as follows:
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Various constraints on the model explained as follows: input-output balance equation states that the output of various industries to meet demand, final demand, import and export. Emission reduction targets constraints is set as three constraint circumstances and economic growth constraints is set as three constraint circumstances in Table 3.1. Solving the four emissions scenarios are as below, to achieve the industrial structure optimization potential. According to three scenarios about the carbon emission reduction rate constraints and economic growth rate constraints, we know that, in model (1), coefficient 
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 is the ratio of GDP at current period to that of initial period, and coefficient 
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 is growth rate of carbon emission of current period compared with that of initial period. The second constraint shows the carbon emission is less than that in scenarios, so it grow as the rate of 
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 comparing to emission at initial time. The third constraint show that the economy growth rate is more than that in scenarios, so it grow as the rate r。Hence, the three circumstance can guarantee that carbon emission intensity low than the target at Copenhagen Conference. We can calculate the optimization output in the optimization model, and then the potential capacity of industry structure adjustment. We resolve the solution of the model.
   The effect of the industry structure adjustment and energy structure adjustment show as
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3.4 Potential of structure adjustment in China and that in Shanghai
  We use the optimal model to calculate the optimal industry structure of China and Shanghai. So we compile the ECEIO table of China in 2005 with 44 industries, and the ECEIO table in 2007 with 15 industries, the ECEIO table of Shanghai in 2007. The value part comes from input-output table of China in 2005 and 2007 and the input-output table of Shanghai in 2007. The volume data of energy and carbon emission can be computed according to “energy balance table” and “final used energy by industry” of China in 2005 and 2007 and that of Shanghai in 2007. All of the carbon emission is accounted according to the final consumption of energy by type. The ECEIO table of China in 2005 has 44 industries the classification of industry in these tables is shown as appendix 1. The ECEIO table of China in 2007 has 15 industries; the classification of industry in these tables is shown as appendix 2. The ECEIO table of Shanghai in 2007 has 26 industries; the classification of industry is shown as appendix 3. According to the ECEIO table with combination of value and volume data, we obtain the carbon emission coefficient before and after adjustment, and then from this table, we obtain the optimal structure of industries by application of the optimization model. Comparing the optimal structure and previous structure, we know how to adjust the industry structure to guarantee the target of reducing dioxide carbon emission at target year.
  According to the ECEIO table, we calculate the carbon dioxide coefficient of various industries before and after change of energy structure, and compare it to the ratio of original output of various industries to total output. This is the basis of industry structure adjustment by applying the optimization model. The result of optimization model is the output which can guarantee the maximization of gross domestic production, and the carbon emission after industry structure adjustment less than the carbon emission constraints. From the ratio of output of each industry to total output of the whole country, we know the difference of it with original ratio of output of each industry to the total output of the whole country and obtain the way of adjustment of industry structure. We set three scenarios of target of carbon emission intensity by high target, middle target and low target, and three cases of economy growth rate as 9%, 8% and 7.5%, hence 9 cases of constraints of carbon emission, and then apply the optimization model to design the way of industry structure adjustment. 
3.4 .1 Potential of structure adjustment based on China’s ECEIO table in 2005
First, we give the industry adjustment based on China’s ECEIO table in 2005. Based on China’s ECEIO table in 2005 with 44 industries, we set the constraint of carbon emission intensity—decrease by 6.35% per year. If GDP increase by 8%, the amount of carbon emission increases by 1.14% per year as the second case of Scenarios 2. We calculate the optimal adjustment of industry structure and potential of carbon emission change, as shown table 3.2.
Among 44 industries, the output and carbon emission decrease in energy industry and heavy industry with high carbon emission coefficient. These industries include 1 Mining and Washing of Coal 5 Production and Distribution of Thermal Power, 7Coking, 8 Production and Distribution of Heat, 9 Production and Distribution of Gas, 21 Manufacture of Paper and Paper Products, 24 Manufacture of Raw Chemical Materials and Chemical Products, 25 Manufacture of Medicines, 26 Manufacture of Chemical Fibers, 29 Manufacture of Non-metallic Mineral Products, 30 Smelting and Pressing of Ferrous Metals, 31 Smelting and Pressing of Non-ferrous Metals. Meanwhile, the output of 29 Manufacture of Non-metallic Mineral Products, 30 Smelting and Pressing of Ferrous Metals, and 5 decrease at the largest extend, about 1% of the original output. The carbon emission of 1 Mining and Washing of Coal decrease 8.7%; the carbon emission of other industries decreases by 19.75%. On contrary, the output and carbon emission increase in the rest of industries, including energy industry with low carbon emission coefficient. The carbon emission all increase by 33.75% for all of these industries. The output increase at largest extent in the service, (i.e. 44 Real estate finance and other service, 43 wholesale and retail trades, 42 Transportation, storage, Storage and Post), high technology industry (i.e. 37, Manufacture of Communication Equipment, Computers and Other Electronic Equipment 35 Manufacture of  Transport Equipment, 36 Manufacture of Electrical Machinery and Equipment, 33anufacture of General Purpose Machinery), and processing industry (i.e. 14 Manufacture of Foods, 28 Manufacture of Plastics), and 41 Construction, 10 Agriculture. 
Table 3.2 Potential adjustment of industry structure and reduction of carbon emission
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	1 
	-0.39%
	-8.70%
	23 
	0.03%
	33.75%

	2 
	0.07%
	33.75%
	24 
	-0.53%
	-19.75%

	3 
	0.01%
	33.75%
	25 
	-0.19%
	-19.75%

	4 
	0.04%
	33.75%
	26 
	-0.18%
	-18.76%

	5 
	-0.98%
	-19.75%
	27 
	0.11%
	33.75%

	6 
	0.14%
	33.75%
	28 
	0.23%
	33.75%

	7 
	-0.09%
	-19.75%
	29 
	-1.01%
	-19.75%

	8 
	-0.02%
	-19.75%
	30 
	-1.45%
	-19.75%

	9 
	-0.05%
	-19.75%
	31 
	-0.61%
	-19.75%

	10 
	0.51%
	33.75%
	32 
	0.14%
	33.75%

	11 
	0.02%
	33.75%
	33 
	0.21%
	33.75%

	12 
	0.02%
	33.75%
	34 
	0.11%
	33.75%

	13
	0.03%
	33.75%
	35 
	0.23%
	33.75%

	14 
	0.24%
	33.75%
	36 
	0.21%
	33.75%

	15 
	0.05%
	33.75%
	37 
	0.36%
	33.75%

	16 
	0.04%
	33.75%
	38 
	0.05%
	33.75%

	17 
	0.20%
	33.75%
	39 
	0.06%
	33.75%

	18 
	0.09%
	33.75%
	40
	0.01%
	33.75%

	19 
	0.06%
	33.75%
	41 
	0.55%
	33.75%

	20 
	0.08%
	33.75%
	42 
	0.32%
	33.75%

	21 
	-0.38%
	-19.75%
	43
	0.44%
	33.75%

	22 
	0.04%
	33.75%
	44
	1.15%
	33.75%


Note: The carbon emission increases by 
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 means the change in the amount of carbon emission. Positive (+) means increase, and minus (-) means decrease.
3.4 .2 Structure adjustment of 3 scenarios on China’s ECEIO table in 2007

Second, we give the industry adjustment based on China’s ECEIO table in 2007. We set carbon emission intensity with low constraint (scenario 1), middle constraint (scenario 2) and high constraint (scenario 3). Each scenario has three levels of GDP growth rate, 9%, 8% and 7.5%. We list the 9 case of potential adjustment of industry structure in the table 3.3. As for industry structure adjustment, the most industries increased in their output. The ratio of output of high technology industry and service to the total output should increase. High technique industry, such as mechanical, electronic equipment manufacturer, has the largest increase range, as 1.72%-1.85%, real estate, finance and other service has the second large increase range, as 1.17%-1.26%. Among the industries which increase output, the increase range became large as the constraints of carbon emission tighter, or as the economy growth rate slower. For example, for mechanical, electronic equipment manufacturer, its industry structure increase as 1.72%，1.74%，1.77% with the carbon emission constraints as 2.53, 2.08, and 1.63 ton carbon dioxide, which is corresponding to scenario one, i.e. carbon emission intensity decrease as 5.93%, to scenario 3, i.e. carbon emission intensity decrease as 6.76%, all in the case of economy growth rate as 9%. For the industries with high carbon emission coefficient, such as heavy industries, their output should decrease most. For example, metal processing and manufacturer should decrease 8.13%-8.74%. Its industry structure decrease by the rate as 8.13%，8.25%，8.37% with the carbon emission constraints as 2.53, 2.08 and 1.63 ton carbon dioxide, which is corresponding to scenario 1, i.e. carbon emission intensity decrease as 5.93%, to scenario three, i.e. carbon emission intensity decrease as 6.76%, all in the case of economy growth rate as 9%. As for the economy growth rate as 9%, 8% and 7.5%, the carbon emission constraint decrease as 5.93%, this industry structure decrease respectively as 8.13%，8.38% and 8.50%.
Table 3.3 China’s Potential adjustment of industry structure (no energy structure change)
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	Scenario 1(low)
	Scenario 2(middle)
	Scenario 3(high)

	GDP
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	9%
2.53
	8%
1.60 
	7.5%
1.12 
	9%
2.08 
	8%
1.14 
	7.5%
0.67 
	9%
1.63 
	8%
0.70 
	7.5%
0.23 

	1
	0.54%
	0.55%
	0.56%
	0.55%
	0.56%
	0.57%
	0.55%
	0.57%
	0.58%

	2
	0.32%
	0.33%
	0.34%
	0.33%
	0.34%
	0.34%
	0.33%
	0.34%
	0.34%

	3
	0.46%
	0.47%
	0.48%
	0.47%
	0.48%
	0.49%
	0.47%
	0.49%
	0.49%

	4
	0.48%
	0.49%
	0.50%
	0.48%
	0.50%
	0.50%
	0.49%
	0.50%
	0.51%

	5
	0.28%
	0.29%
	0.30%
	0.29%
	0.30%
	0.30%
	0.29%
	0.30%
	0.31%

	6
	0.23%
	0.24%
	0.24%
	0.23%
	0.24%
	0.25%
	0.24%
	0.25%
	0.25%

	7
	0.68%
	0.70%
	0.71%
	0.69%
	0.71%
	0.72%
	0.70%
	0.72%
	0.73%

	8
	0.25%
	0.26%
	0.26%
	0.25%
	0.26%
	0.27%
	0.26%
	0.27%
	0.27%

	9
	-8.13%
	-8.38%
	-8.50%
	-8.25%
	-8.50%
	-8.62%
	-8.37%
	-8.61%
	-8.74%

	10
	1.72%
	1.77%
	1.80%
	1.74%
	1.79%
	1.82%
	1.77%
	1.82%
	1.85%

	11
	0.37%
	0.38%
	0.39%
	0.38%
	0.39%
	0.39%
	0.38%
	0.39%
	0.40%

	12
	0.69%
	0.71%
	0.72%
	0.70%
	0.72%
	0.73%
	0.71%
	0.73%
	0.74%

	13
	0.47%
	0.48%
	0.49%
	0.47%
	0.49%
	0.49%
	0.48%
	0.49%
	0.50%

	14
	0.48%
	0.49%
	0.50%
	0.49%
	0.50%
	0.51%
	0.49%
	0.51%
	0.52%

	15
	1.17%
	1.20%
	1.22%
	1.18%
	1.22%
	1.24%
	1.20%
	1.24%
	1.26%


Note: The industry is classified as China’s ECEIO table in 2007( Appendix).
We compute the potential adjustment of industry structure with the energy structure change, shown in table 3.4. Consider the energy structure change, namely the change in the ratio of non-fossil energy to the consumption of first primer energy by 15% from 2005 to 2020. It means the non-fossil energy consumption increase by 5.4%. In this case, potential adjustment of industry structure has the same direction of change like previous case in table 3.3, but small range of increase and decrease. First, we focus on the industry with increase in structure, the high technique industry with low carbon emission, such as mechanism and electronic equipment, increase at largest range as 1.4%-1.53%, real estate, finance and other service, its range of increase at the second large range as 0.95%-1.04%. Among the industries with increase in output, their increase range became larger with the carbon emission tighter. For example, mechanism, electronic equipment manufacture, its industry structure increase as the rate of 1.4%，1.42%，1.45% for carbon emission constraints as 2.53, 2.08 and 1.63 ton carbon dioxide, from scenario one, carbon emission intensity decrease 5.93% to scenario three, carbon emission intensity decrease 6.76%, all with economy growth rate 9%. For economy growth rate respectively as 9%, 8% and 7.5%, carbon emission constraints decrease 5.93% per year, the industry structure increase as 1.4%, 1.45% and 1.48%. For the industry with high carbon emission coefficient, the output should decrease. The largest adjustment occurs in the industries with high carbon coefficient, such as metal processing and manufacturer, it decrease by 6.62%-7.24%. the industry structure decrease at the rate as6.62%，6.74%，6.86%, with the carbon constraint as 2.53, 2.08, 1.63 ton carbon dioxide, which is corresponding to scenario one, i.e. carbon emission intensity decrease as 5.93%, to scenario three, i.e. carbon emission intensity decrease as 6.76%, all in the case of economy growth rate as 9%. It industry structure respectively decrease as 6.62%，6.87% and 7%, with constraints of carbon emission decrease by 5.93%  for the economy growth rate as 9%, 8% and 7.5%. 
Table 3.4 China’s potential capability of industry structure (energy structure change)
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	Scenario one*
	Scenario two*
	Scenario three*
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	2.53
	1.60 
	1.12 
	2.08 
	1.14 
	0.67 
	1.63 
	0.70 
	0.23 

	GDP
	9%
	8%
	7.5%
	9%
	8%
	7.5%
	9%
	8%
	7.5%

	1
	0.44%
	0.45%
	0.46%
	0.45%
	0.46%
	0.47%
	0.45%
	0.47%
	0.48%

	2
	0.26%
	0.27%
	0.28%
	0.27%
	0.28%
	0.28%
	0.27%
	0.28%
	0.29%

	3
	0.37%
	0.39%
	0.40%
	0.38%
	0.39%
	0.40%
	0.39%
	0.40%
	0.41%

	4
	0.39%
	0.40%
	0.41%
	0.39%
	0.41%
	0.42%
	0.40%
	0.42%
	0.42%

	5
	0.23%
	0.24%
	0.25%
	0.24%
	0.24%
	0.25%
	0.24%
	0.25%
	0.25%

	6
	0.19%
	0.20%
	0.20%
	0.19%
	0.20%
	0.20%
	0.20%
	0.20%
	0.21%

	7
	0.55%
	0.58%
	0.59%
	0.56%
	0.59%
	0.60%
	0.57%
	0.60%
	0.61%

	8
	0.20%
	0.21%
	0.22%
	0.21%
	0.22%
	0.22%
	0.21%
	0.22%
	0.22%

	9
	-6.62%
	-6.87%
	-7.00%
	-6.74%
	-6.99%
	-7.12%
	-6.86%
	-7.11%
	-7.24%

	10
	1.40%
	1.45%
	1.48%
	1.42%
	1.48%
	1.50%
	1.45%
	1.50%
	1.53%

	11
	0.30%
	0.31%
	0.32%
	0.31%
	0.32%
	0.32%
	0.31%
	0.32%
	0.33%

	12
	0.56%
	0.58%
	0.59%
	0.57%
	0.59%
	0.60%
	0.58%
	0.60%
	0.61%

	13
	0.38%
	0.39%
	0.40%
	0.39%
	0.40%
	0.41%
	0.39%
	0.41%
	0.42%

	14
	0.39%
	0.41%
	0.41%
	0.40%
	0.41%
	0.42%
	0.40%
	0.42%
	0.43%

	15
	0.95%
	0.99%
	1.00%
	0.97%
	1.00%
	1.02%
	0.99%
	1.02%
	0.104        


Note: The industry is classified as China’s ECEIO table in 2007( Appendix).
3.4.3 Structure adjustment of 3 scenarios on Shanghai’s ECEIO table in 2007

Third, we give the industry adjustment based on Shanghai’s ECEIO table in 2007. We make use of Shanghai ECEIO in 2007 to address the optimal industry structure. The industry is shown in appendix. The constraints in first three scenarios are decreased carbon emission intensity, but the increased amount of carbon emission. The constraint in scenario 4 is decreased absolute amount of carbon emission which is made according the standard of European reduction standard. 
Shanghai’s optimal adjustment of industry structure is shown in table 3.6. The services and the high technology increase their output at the largest degree, for example, 26 Real estate finance and other service as 1.8%-2.2%, 16 Manufacture of Communication Equipment, Computers and Other Electronic Equipment as 1.1%-1.3%, 13 Manufacture of General Purpose  and Special Purpose Machinery as 0.5%-0.7%, 14 Manufacture of Transport Equipment as 0.5%-0.6%, 25 wholesale and retail trades as 0.4%-0.5%, 15 Manufacture of Electrical Machinery and Equipment as 0.3%-0.4. On contrary, the heavy industry and processing industry decrease their output at largest degree. In detail, 24 Transportation, storage, Storage and Post decrease by 2.1%-2.2%, 11 Smelting and Pressing of Ferrous Metals decrease by 1.8%-1.9%, 9 Chemical and Pharmaceutical and Medicine Manufacturing and 8 Petroleum Processing, Coking and Nuclear Fuel Processing, decrease by 0.8%-2.3%, 4 Manufacture of Textile decrease by 0.3%, and 10 Building materials and non-Metallic Materials Industry decreased by 0.3%.

Table 3.5 Shanghai’s potential adjustment of industry structure 
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	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	GDP
	9%
	8%
	7.5%
	9%
	8%
	7.5%
	9%
	8%
	7.5%
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	0.025 
	0.016 
	0.011 
	0.021 
	0.011 
	0.007 
	0.016 
	0.007 
	0.002 
	-0.004 

	1 
	0.0%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	2 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	3 
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%

	4 
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%

	5 
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	6 
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	7 
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	8 
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.8%
	-0.7%

	9 
	-0.8%
	-1.2%
	-1.5%
	-1.0%
	-1.5%
	-1.7%
	-1.2%
	-1.7%
	-2.0%
	-2.3%

	10 
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%
	-0.3%

	11 
	-1.9%
	-1.9%
	-1.9%
	-1.9%
	-1.9%
	-1.8%
	-1.9%
	-1.8%
	-1.8%
	-1.8%

	12 
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%

	13 
	0.5%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%
	0.7%

	14 
	0.5%
	0.6%
	0.6%
	0.5%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%
	0.6%

	15 
	0.3%
	0.4%
	0.4%
	0.4%
	0.4%
	0.4%
	0.4%
	0.4%
	0.4%
	0.4%

	16 
	1.1%
	1.2%
	1.2%
	1.1%
	1.2%
	1.3%
	1.2%
	1.3%
	1.3%
	1.3%

	17 
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	18
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	19
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	20
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%
	0.2%

	21
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	22
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	23
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.6%

	24
	-2.2%
	-2.2%
	-2.2%
	-2.2%
	-2.2%
	-2.1%
	-2.2%
	-2.1%
	-2.1%
	-2.1%

	25
	0.4%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%
	0.5%

	26
	1.8%
	2.0%
	2.0%
	1.9%
	2.0%
	2.1%
	2.0%
	2.1%
	2.2%
	2.2%


Note: The industry is classified as Shanghai’s ECEIO table in 2007( Appendix).
3.5 Summary and policy suggestion
China takes the permission about the obligation of carbon emission, it is necessary to make the policy to reduce the carbon emission of various industries. It should make out according to develop economy, the situation of the industries structure and their coefficient of carbon emission of industries. To realize the target of reduction of carbon emission, China simply stop the supply of electricity of industries with high carbon emission, such as cement industry, it will weaken the productivity and make the cost rising, so we should realize the potential capability of industry adjustment for carbon emission.  

This paper compiles the ECEIO table of China in 2005 and in 2007, and the ECEIO table in Shanghai, and build up an optimization input-output model to address the optimal adjustment of industry structure and potential reduction of carbon emission. 
Based on ECEIO table of China in 2005, we set the intensity of carbon emission decreased by 6.35%, namely carbon emission increased by 1.14 % if GDP growth rate as 8%, and find that the output and carbon emission decrease in energy industry and heavy industry with high carbon emission coefficient (1 Mining and Washing of Coal 5 Production and Distribution of Thermal Power, 7Coking, 8 Production and Distribution of Heat, 9 Production and Distribution of Gas, 21 Manufacture of Paper and Paper Products, 24 Manufacture of Raw Chemical Materials and Chemical Products, 25 Manufacture of Medicines, 26 Manufacture of Chemical Fibers, 29 Manufacture of Non-metallic Mineral Products, 30 Smelting and Pressing of Ferrous Metals, 31 Smelting and Pressing of Non-ferrous Metals). On contrary, the output and carbon emission increase in the rest of industries, including energy industry with low carbon emission coefficient. 
Based on ECEIO table of China in 2007, the adjustment of industry structure at the three scenarios of carbon emission is make to increase the output of high technique industry, such as mechanic and electronic equipment manufacture increase by 1.72%-1.85%, service, such as real estate, finance and other service increase by 1.17%-1.26%. If considering the energy structure change, mechanic and electronic manufacturer increase by 1.4%-1.53%, real estate, finance and other service increase by 0.95%-1.04%. While increase range of these industries will rise with the decline of carbon emission and economy growth slow in larger degree. The industry with high coefficient of carbon emission, such as mechanic processing and manufacturer, should decrease by the rate of 8.13%-8.74%. The range of adjustment in these industries will increase with the degree of decline of carbon emission and growth rate slower. 

Based on ECEIO table of Shanghai in 2007, the adjustment of industry structure is made on four scenarios of carbon emission. Scenario 4 is the decreased absolute amount of carbon emission which is made according the standard of European reduction standard. The services and the high technology increase their output at the largest degree, for example, 26 Real estate finance and other service as 1.8%-2.2%, 16 Manufacture of Communication Equipment, Computers and Other Electronic Equipment as 1.1%-1.3%, 13 Manufacture of General Purpose  and Special Purpose Machinery as 0.5%-0.7%, 14 Manufacture of Transport Equipment as 0.5%-0.6%, 25 wholesale and retail trades as 0.4%-0.5%, 15 Manufacture of Electrical Machinery and Equipment as 0.3%-0.4. On contrary, the heavy industry and processing industry decrease their output at largest degree. In detail, 24 Transportation, storage, Storage and Post decrease by 2.1%-2.2%, 11 Smelting and Pressing of Ferrous Metals decrease by 1.8%-1.9%, 9 Chemical and Pharmaceutical and Medicine Manufacturing and 8 Petroleum Processing, Coking and Nuclear Fuel Processing, decrease by 0.8%-2.3%, 4 Manufacture of Textile decrease by 0.3%, and 10 Building materials and non-Metallic Materials Industry decreased by 0.3%.

Those research results will give a reference for the government to make plan of industry adjustment to realize the target of carbon emission with being harm to economy.
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Table A.1: The classification of energy type
	Energy
	Industry in ECEIO table
	Industry in input-output table

	Raw Coal, Cleaned Coal, Other Washed Coal
	Mining and Washing of Coal
	Mining and Washing of Coal

	Crude Oil
	Extraction of Petroleum
	Extraction of Petroleum and Natural Gas

	Nature Gas
	Extraction of Natural Gas
	Extraction of Petroleum and Natural Gas

	Hydro Power and Nuclear Power
	Production and Distribution of Hydro Power and Nuclear Power
	Production and Distribution of Electric Power and Heat Power

	Thermal Power
	Production and Distribution of Thermal Power 
	Production and Distribution of Electric Power and Heat Power

	Gasline, Kerosene, Diesel Oil, Fuel Oil, other Petroleum Product
	Processing of Petroleum, Processing of Nuclear Fuel 
	Processing of Petroleum, Processing of Nuclear Fuel

	Coke, Other Coking Products
	Coking
	Coking

	Heat
	Production and Distribution of Heat Power
	Production and Distribution of Electric Power and Heat Power

	Coke Oven Gas, LPG, Refinery Gas, Other Gas
	Production and Distribution of Gas
	Processing of Petroleum, Processing of Nuclear Fuel, Coking, Production and Distribution of Gas


Table A.2: The classification of energy type

	
	Energy
	carbon emission coefficient(104 t)

	
	
	国务院发展研究中心报告(徐国泉)国家科委气候变化项目
	IPCC

	1.Mining and Washing of Coal
	Raw Coal
	0.7476
	0.7559

	
	Cleaned Coal
	0.7476
	0.7559

	
	 Other Washed Coal
	0.7476
	0.7559

	2.Extraction of Petroleum
	Crude Oil
	0.5825
	0.5857

	3.Extraction of Natural Gas
	Nature Gas
	0.4435
	0.4483

	4.Production and Distribution of Thermal Power*
	Thermal Power
	2.1114
	

	5.Processing of Petroleum, Processing of Nuclear Fuel
	Gasline
	0.5825
	0.5538

	
	 Kerosene
	0.5825
	0.5714

	
	Diesel Oil
	0.5825
	0.5921

	
	Fuel Oil
	0.5825
	0.6185

	
	other Petroleum Product
	0.5825
	0.5857

	6.Coking
	Coke
	0.7476
	0.855

	
	Other Coking Products
	0.7476
	0.6449

	7.Production and Distribution of Heat Power*
	Heat
	0.9966
	

	8.Production and Distribution of Gas
	Coke Oven Gas
	0.7476
	0.3548

	
	Other Gas
	0.7476
	0.3548

	
	LPG
	0.5825
	0.5042

	
	 Refinery Gas
	0.5825
	0.4602


Note: *the coefficient of thermal power and heat is accounted according to the energy balance table of 2005.
Table A.3:ECEIO table industry classification
	
	Industry
	
	Industry

	1
	Mining and Washing of Coal
	19
	Manufacture of  Leather, Fur, Feather and Related Products

	
	Raw Coal (104 ton/104 ton standard coal)
	20
	Processing of Timber, Manufacture of Wood, Bamboo, Rattan, Palm, and Straw Products and Manufacture of Furniture

	2
	Extraction of Petroleum
	21
	Manufacture of  Paper and Paper Products

	
	Crude Oil (104 ton/104 ton standard coal)
	22
	Printing, Reproduction of Recording Media

	3
	Extraction of Natural Gas
	23
	Manufacture of Articles For Culture, Education and Sport Activity

	
	Nature Gas (108 Cu. M3/104 ton standard coal)
	24
	Manufacture of Raw Chemical Materials and Chemical Products

	4
	Production and Distribution of Hydro Power and Nuclear Power
	25
	Manufacture of Medicines

	
	Hydro Power and Nuclear Power (108 kW•h/ 104 ton stand coal)
	26
	Manufacture of Chemical Fibers

	5
	Production and Distribution of Thermal Power
	27
	Manufacture of Rubber

	
	Thermal Power (108 kW•h/ 104 ton stand coal)
	28
	Manufacture of Plastics

	6
	Processing of Petroleum
	29
	Manufacture of Non-metallic Mineral Products

	
	Petroleum Product(104 ton/104 ton standard coal)
	30
	Smelting and Pressing of Ferrous Metals

	7
	Coking
	31
	Smelting and Pressing of Non-ferrous Metals

	
	Coking Products(104 ton/104 ton standard coal)
	32
	Manufacture of Metal Products

	8
	Production and Distribution of Heat Power
	33
	Manufacture of General Purpose Machinery

	
	Heat (104 million KJ/104 ton standard coal)
	34
	Manufacture of Special Purpose Machinery

	9
	Production and Distribution of Gas
	35
	Manufacture of  Transport Equipment

	
	Gas (108 Cu. M3/104 ton standard coal)
	36
	Manufacture of Electrical Machinery and Equipment

	10
	Agriculture
	37
	Manufacture of Communication Equipment, Computers and Other Electronic Equipment

	11
	Mining and Processing of Ferrous Metal Ores
	38
	Manufacture of Measuring Instruments and Machinery for Cultural Activity and Office Work   

	12
	Mining and Processing of Non-Ferrous Metal Ores
	39
	Other Manufacturing

	13
	Mining and Processing of Nonmetal Ores and Mining of Other Ores
	40
	Production and Distribution of  Water

	14
	Manufacture of Foods
	41
	Construction

	15
	Manufacture of  Beverages
	42
	Transportation, storage, Storage and Post

	16
	Manufacture of Tobacco
	43
	wholesale and retail trades

	17
	Manufacture of  Textile
	44
	Real estate finance and other service

	18
	Manufacture of Textile Wearing Apparel, Footware, and Caps
	45

46   
	Rural households

Urban households


Table A.4: Classification of industry in China’s optimal industry structure
	Classifi-

cation  1
	Classifi-cation 2
	
	Classifi-cation 1
	Classifi-cation 2
	

	1
	1
	Agriculture
	9
	7
	Metal processing and manufacture

	2
	2
	Mining
	10
	8
	Mechanic, electronic equipment and other manufacturer 

	3
	3
	Food manufacture and tobacco processing
	11
	9
	Electricity, heat power and water production and supply

	4
	
	Textile, Wearing Apparel
	12
	10
	Construction

	5
	
	Wood processing and Manufacture of Articles for Culture, Education and Sport Activities 
	13
	11
	Transportation, storage, and information service 

	6
	4
	Petroleum Processing, Coking and Nuclear Fuel Processing
	14
	12
	wholesale and retail trades

	7
	5
	Chemical and Pharmaceutical and Medicine Manufacturing
	15
	13
	Real estate finance and other service

	8
	6
	Building materials and non-Metallic Materials Industry
	16
	14*
	Household’s final demand/ Total industry


Note: 1. Carbon emission (Figure 6) consists to classification 1, meanwhile 16 corresponding to Household’s final demand.

2. Carbon emission intensity (Figure 7) consists to classification 2, meanwhile 14 corresponding to Total industry.
3. Forecast IO table in 2007 consists to classification 2.
Table A.4: Classification of industry in Shanghai’s optimal industry structure

	No.
	Industry
	No.
	Industry
	

	1
	Agriculture
	14
	Manufacture of Transport Equipment

	2
	 Mining
	15
	Manufacture of Electrical Machinery and Equipment

	3
	Food manufacture and tobacco processing
	16
	Manufacture of Communication Equipment, Computers and Other Electronic Equipment

	4
	Manufacture of Textile
	17
	Manufacture of Measuring Instruments and Machinery for Cultural Activity and Office Work       

	5
	Manufacture of Textile Wearing Apparel, Footware, Leather, Fur, Feather and Related Products
	18
	Manufacture of Artwork and Other Manufacturing

	6
	Wood processing and Manufacture
	19
	Recycling and Disposal of Waste

	7
	of Articles for Culture, Education and Sport Activities
	20
	Production and Supply of Electric Power and Heat Power

	8
	Petroleum Processing, Coking and Nuclear Fuel Processing
	21
	Production and Supply of Gas

	9
	Chemical and Pharmaceutical and Medicine Manufacturing
	22
	Production and Supply of Water

	10
	Building materials and non-Metallic Materials Industry
	23
	Construction

	11
	Smelting and Pressing of Ferrous Metals
	24
	Transportation, storage, Storage and Post

	12
	Metal processing and manufacture
	25
	wholesale and retail trades

	13
	Manufacture of General Purpose  and Special Purpose Machinery
	26
	Real estate finance and other service


Energy industry: (2), (6), (11), non-energy industry (1), (3), (4), (5), (7), (8), (9), (10), (12), (13)

Appendix 2 the energy structure change——optimization model
We make the energy structure change each year. Here 
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� The calculation process is � EMBED Equation.3  ���
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