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Abstract 

 

Industrial energy efficiency has emerged as one of the key issues in India. The 

increasing demand for energy that leads to growing challenge of climate 

change has resulted major issues. It is obvious that high energy intensity leads 

to high carbon intensity of the economy. This paper is an attempt to compute 

Carbon Dioxide (CO2) emission from fossil fuel consumption for firms in 

Indian manufacturing sector from 2000 to 2015 by adopting the IPCC 

Reference Approach. The contribution of this paper lies in estimating CO2 

emission at the firm level and analyzing the factors that explain inter-firm 

variation in CO2 emission. The results indicate that there are differences in 

firm-level emission intensity and they, in turn, are systematically related to 

identifiable firm specific characteristics. This study found size, age, energy 

intensity and technology intensity as the major determinants of CO2 emission 

of Indian manufacturing firms. In addition, capital and  labour intensity of the 

firms are also related to the firms? CO2 emission intensity.  
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INTRODUCTION 

Political efforts to address the concerns of climate change have developed greatly in 

the last twenty years. In 1992, at the Rio Summit, the United Nations Framework 

Convention on Climate Change (UNFCCC) was established. Then, in 1997, despite 

its flaws, the Kyoto Protocol set targets to curb greenhouse gas emissions on a 

number of industrialized countries emissions between 2007 and 20114-15. While 

natural scientists identified the relationship between greenhouse gas concentrations 

and climate change and highlighted many of the threats; social scientists, particularly 

economists played a crucial role in developing strategies for mitigating climate 

change (Nordhaus, 1991; Cline, 1992; IPCC, 2007). Economists have been influential 

in arguing that the cost of mitigation may not be as great as many expected (Porter, 

1991; Fischer & Newell, 2008) and there may be substantial benefits (Stern, 2004; 

Sterner & Persson, 2008). They also proposed mechanisms for trading responsibilities 

and credits related to Greenhouse Gas (GHG) emission reductions, which have been 

central tools to agreement on targets related to Kyoto Protocol (Atkinson & 

Tietenberg, 1991; Stavins, 1995).  

 

REVIEW OF LITERATURE 

This section of the paper attempts to look at the mainstream research similar to the 

objectives of this work. To start with eco-innovation, the study carried out by 

Rennings and Zwick (2001) is based on a sample of eco-innovative firms for five 

European Union (EU) countries in manufacturing and service sectors. The result of 

the study indicates that in most of the firms? employment does not change as a 

consequence of eco-innovations. The econometric results show that, apart from some 

product innovations, eco-innovation typologies do not influence the level of 

employment, though as expected, according to their evidence environmentally 

oriented innovations seem to lead to a skill based effect. Also end-of-pipe innovations 

are related to a higher probability of job losses, while innovations in recycling have a 

positive effect on employment.  

 

THE CONCEPTUAL FRAMEWORK 

One of the objectives of this work is to estimate the CO2 emission at firm level. 

Further, we econometrically model the factors explaining determinants of inter-firm 

differences in the CO2 emission. We begin explaining the construction of the firm 

level CO2 emission for the sample of firms in Indian manufacturing industries. From 

figure 1, we can see that share of CO2 emission of the manufacturing industries (at 

aggregate level) is higher as compared to other emissions (LEAP)1. From the figure 

we can also observe that industrial value added is increasing from 2000 to 2010 with 

fluctuations. The industrial value added is downward sloping till 2005 the share of 

CO2 emission shows an increasing trend for the entire period. LEAP captures this 

data from the output point of view. 
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Data at the aggregate level is available but firm level emission information is not 

reported. One of the ways to capture the firm level emission is to compute the 

emission from the input use that is from the fossil fuel used by the firms. Which is an 

indirect measure based on a scientific approach however, is closely related to the 

emission generated from firm according to the IPCC. 

 

ESTIMATION METHOD AND VARIABLE CONSTRUCTION 

Following Copeland and Taylor (1995) and assuming each firm produces two outputs: 

a manufactured good (x) and emission (e), the testable implication of the study 

follows a log linear relation of the following type: Different empirical works that 

study reasons for energy (in)efficiencies pay attention to the market share or value 

added to the  industry output and find the evidence that it can make a contribution to 

the explanation of inefficiencies as the factor of market power (Hrovatin and Urib, 

2002). It is worth mentioning, that fossil energy resources are characterized by the 

considerable undesirable outcome (such as CO2 emissions) and still their share in 

total energy generation is dominant, while the role of renewable energy sources is 

comparatively low, though extended recently. We have selected the following 

variables those influence the emission intensity of firms. 

In most of the productivity studies of four factors of production energy consumption 

is considered as one of the indicator for innovation. This implies that in cost 

minimization a firm can shift from one source to the other sources of energy. Hence, 

it will be of interest to check the relationship between energy efficiency and emission 

at the firm level. Size of the firm is the proxy for several effects as observed by 

Bernard and Jensen (2004). Size of firm is one of the components of firm 

heterogeneity. Because of scale economics bigger firms might use the efficient fuel 

and emit less. In the present study, firm size is measured by the natural log of total 

sales. There could be a non-linear relationship between emission intensity and firm 

size. Age of the firm is calculated as the deference between years of the study to year 

of the incorporation of the firm as reported in the PROWESS database. 

Technology import intensity is defined as the expenses on import of capital goods and 

royalty and technical fees payments in foreign currency, to net sales of the firm. 

Higher the technology import it is assumed that firm might be emitting less as 

technology advancement of the firm might enable the firm to be energy efficient and 

emit less. R&D intensity is also one of the innovation strategies that might help firms 

in emitting less. Here, we define R&D intensity as the ratio of R&D expenditure to 

net sales. There is empirical evidence that foreign-owned firms tend to be more 

efficient in energy conservation (Faruq and Yi,2010) and, at the same time, there is 

also evidence in Zelenyuk and Zheka (2006) that reveals a negative correlation 

between foreign ownership and firm?s environmental efficiency level.  
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TRENDS AND PATTERNS OF CO2 EMISSION:- DESCRIPTIVE ANALYSIS 

This section of the study depicts the descriptive analysis of the sample. 

We have estimated CO2 emission based on equation (2), from the fossil fuel 

consumption of sample of firms in Indian manufacturing from 2000 to 2015. Figure  

presents the aggregate mean annual CO2 emission of  the sample. From the figure we 

can observe that the aggregate CO2 emissions of the sample of Indian manufacturing 

firms are fluctuating over the period with an increasing trend from 2005 to 

2015.Emission intensity is considered as better measurement as compared to emission 

in absolute form as it is normalized with the output of the firm. Emission intensity is 

drawn in figure. The standard deviation between the average emission and emission 

intensity however are different. We can observe that for emission intensity, the 

standard deviations across years are fluctuating as compared to the standard deviation 

of aggregate emission for the sample in figure. If we compare between the 

distributions of both the series we can observe that emission of the sample are more 

stable as compared to emission intensity. However, the trend is quite similar for both 

the distributions. One of the interesting findings of this comparison is that the trend in 

average annual emission is more flatter then the emission intensity over the years, 

which is due to the structure and production of the firms. Hence, when we normalize 

the emission with output we can get a different movement as compared to the absolute 

level of emission due to fossil fuel consumption. 

Above discussion has tried to link emission intensity with technology intensity and 

firm heterogeneity. We began from the macro point of view in relating industrial 

value added to CO2 emission of industries. From the LEAP database we confirm that 

CO2 emission is one of the major emissions from the industrial sector of the Indian 

manufacturing industries. However, this emission information is from the output 

generated of the firms as bad output. As data on CO2 emission at firm level is not 

available we have constructed the emission at firm level from the IPCC reference case 

approach.  

 

THE ECONOMETRIC RESULTS 

The theoretical background of the estimated equation (4) is given earlier in section 3. 

However, before attempting equation (4) let us compute the correlation matrix for 

select variables.  

 

SUMMARY AND POLICY IMPLICATIONS 

The increasing concern on climate change, green house gases, and emissions are 

matter of concern not only for developed countries but also for the developing as well 

as the underdeveloped countries. In addition, concerns have been also reinvigorated 

by the global and local environmental problems caused by the ever-increasing use of 

fossil fuels, and so it is clearly an enormous challenge to fuel economic growth in a 

environmentally sustainable way. India being one of the largest and rapidly growing 
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developing countries the issue of emission needs special focus. Analysis on the 

emission from the industries of Indian economy should not only be at the aggregate 

level/ at national level. Specific interest must be given for the sub-sectors as well. 

This work is an attempt to compute CO2 emission of sample firms in Indian 

manufacturing from 2000 to 2011 by adopting the IPCC reference approach. The 

results indicate that there are significant differences in firm-level emission intensity 

and they, in turn, are systematically related to identifiable firm specific characteristics. 

This study found size, age, energy intensity and technology intensity as the major 

determinants of CO2 emission intensity of Indian manufacturing firms. In addition 

capital and labour intensity of the firms are also related to the firms? emission 

intensity. Indian manufacturing industries play a significant role in the country’s 

economic growth. However, in global competitiveness in this sector has to upgrade 

the technologies and should achieve energy as well as emission efficiency. In 

addition, specific policy measures should be formulated to encourage medium sized 

and older firms to upgrade technology and invest in technology import and research & 

development pertaining to eco-innovation to reduce CO2 emission. In addition 

reducing fossil fuel consumption and adopting cleaner and green energy firms will  be 

able to become both energy and emission efficient. Summarizing the findings; R&D, 

technology sourcing, fuel switching, should be given due attention for green growth. 

The contribution of this paper lies in estimating CO2 emission at the firm level and 

analyzing the factors that explain inter-firm variation in CO2 emission.    
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