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Introduction, literature review and objective of this study
Corporate activity plays a key role in combining environmental protection and economic development, which is important to achieve sustainable development. Although manufacturing activities lead to economic development, they often create a significant amount of pollution. Moreover, the environmental burden generated in the consumption process depends on how products and services are designed. In the meantime, environmental pollutions which each industry needs to manage carefully are various. Furthermore, the Kyoto Protocol was ratified in Russia on the 16th of February 2005. Annex I countries must reduce their GHG gas emissions within the first commitment period, which runs from 2008 to 2012. To observe this commitment, industrial sector needs to reduce GHG gas, especially CO2 emission rapidly. As a result, CO2 emission reduction is one of the high priority goal for all industrial sectors in Annex I countries. 
There are many previous studies about the relationship between CO2 emission and economic development. Environmental Kuznets Curve (EKC) hypothesis was applied in most cases in the related literatures. Several empirical findings have been reported in the related literature based on various approaches and samples, and the results are mixed (Vollebergh et.al., 2009; Tsurumi and Managi, 2010). However, most previous studies focuses on the country or entire industry data. If we use data on country or entire industry data to analyse, the characteristics of the industrial structure largely affect the relationship between CO2 emission and economic performance because the technical difficulty associated with reducing the CO2 emission is different over industries. It is clear that the required capital equipment and labor for reducing CO2 emission differ over industries because the type of fuel energy consumed as intermediate materials differ.
Therefore, it is important to clarify how and why CO2 emission change by type of industries. To solve these problems of previous studies, we set two objectives. (1)To clarify the relationship between economic development and sector-level CO2 emission by type of fuel. (2) To clarify the main factor of sector-level CO2 emission change by type of fuel.
Methodolody
In this study, we use GDP per capita as a economic develompment indicator. Here, this study proposes decomposition of sectoral CO2 emission per capita as following.
CO2ijk /Popk = (CO2ijk/Eneijk) ×(Eneijk/Enejk)×(Enejk/Salejk)×(Salejk/Valuejk)×(Valuejk/GDPk)×(GDPk/Popk)            (1)
Where i: fuel type, j: industry type, k: country, CO2: CO2 emission, Pop: population, Ene: energy use, Sale: total revenue, Value: value added, GDP: Gross Domestic Product.
This equation means that sector-level CO2 per capita can be decomposed by sixth factors, which are carbon intensity (first term), substitution of fuel energy(second term), energy efficiency (third term), profit ratio (fourth term), GDP share (fifth term), and economic development (sixth term).

To examine the relationship between CO2 per capita (CO2per) and GDP per capita (GDPper), we consider the following specifications shown in equations (2). The relationships are assumed to be quadratic.
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To capture country characteristics influencing GDPper, vector 
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 is incorporated into the models. 
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 are unobserved country- and time-specific fixed effects, respectively. 
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 is an idiosyncratic error term. 
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, which represents country characteristics. Based on the equation (1), we use five control variables which are carbon intensity, substitution of fuel energy, energy efficiency, profit ratio, and GDP share. Expectations for all control variable are posiitive. 
Data
The sector-level CO2 emission and energy consumption data are obtained from the three databases published by International Energy Agency, which are CO2 Emissions from Fuel Combustion, Energy Balances of OECD, and Energy Statistics of OECD Countries. Total revenue and value added data by industrial sectors are obtained from EU-KLEMS. GDP and population data are from World Development Indicator. All financial data are deflated as 1995 year U.S.$ price. We denote data sample information in Table 1.
Table 1. Data description

	Time period
	1980-2005

	Country
	Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, 
Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, Netherlands, Poland, Portugal, 
Slovak Republic, Spain, Sweden, United Kingdom, United States

	Industry type
	(1)Food, (2)Textile, (3)Paper, (4)Wood, (5)Chemical, (6)Non-Ferrous Metals,
(7)Transport Equipment , (8)Machinery , (9)Mining and Quarrying, (10)Construction

	Energy type
	(1)Coal/Peat, (2) Oil/Petroleum Product, (3) Natural gas, (4) Electricity


Results
Empirical results of this study can be summarized as the followings. First, EKC can be applied to sector-level CO2 emission in nine industries which are food, textile, wood, chemical, pulp, steel, machine, transportation equipment, and construction. Most industries which decrease sector-level CO2 emission per capita shifted their fuel energy consumption from coal and natural gas to electricity, especially textile, chemical, steel, machine and transportation equipment. Wood and Construction industries reduced CO2 emission per capita by decreasing CO2 emission from oil and petroleum product consumption. Meanwhile CO2 emission per capita in food and pulp industries declined caused by reduction of CO2 emission from four type fuel use. 
Second, turning point (TP) of EKC is diferent between industries. TP of Textile is around 30,00 U.S.$, wood, chemical and constructin is 40,000 U.S.$, food, steel, and machine is 45,000 U.S.$, pulp and transportation equipment is 50,000 U.S.$. These differences of TP between industries are important information for policy maker to design the optimal (cost-effective) CO2 emission reduction policy.
Finally, we could not observed  EKC relationship in nonferrous metal and mining industry. In these industry, the relationship between CO2 emission per capita and GDP per capita is monotonic increasing in our result. Main reason of increasing CO2 emission is growth of electricity and oil use.
Conclusions
We find following two key results. Environmental Kuznets Curve hypothesis for sector-level CO2 emission can be applied in food, textile, wood, chemical, pulp, steel, machine, transportation equipment, and construction industry. However, Environmental Kuzunets curve relationship are not observed in non-ferrous metal and mining industries. Second, effective factors to find Environmental Kuznet Curve relationship and turning point are defferent among industries. Therefore, environmental policy for CO2 reduction needs to consider these differences of industrial characteristics.
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