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Abstract: 
To increase energy efficiency in the energy intensive industries in a cost effective manner, the 
Bureau of Energy Efficiency (BEE) has launched a trading scheme in energy saving certificate 
known as Perform, Achieve and Trade (PAT) programme in 2012. The paper aims at 
estimating firm specific shadow prices (marginal cost) of meeting the desired energy 
efficiency standards for the six industrial sectors. We estimate industry specific marginal rate 
of technical substitution between capital and energy inputs as a proxy for the shadow price of 
per unit of energy saved at margin. We observe high variability among the estimates not only 
between the industries but also within the industries implying that the new scheme would 
necessarily lead to cost effectiveness. However, the scheme fails to meet some of the basic 
requirements for the success of a trading scheme such as creating a real scarcity of energy 
efficiency due to moderate energy efficiency standards and low penalty for non-compliance. 
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1. Introduction 
Energy security and climate change concerns are the main drivers of energy policy in the 
country. Commercial energy accounts for about 60 percent of the total energy consumption in 
the country. Rest of the energy demand is met through non-commercial sources of energy. In 
terms of Kilotonne of Oil Equivalent (ktoe) in 2010-11, India met 56.5% of coal and 81.2% 
of crude oil consumption demand through imports (CSO 2012) which is supposed to increase 
in the coming years and according to integrated energy policy 2006 the crude oil imports will 
accounts for about 95% of domestic oil demand. Note that in the energy consumption bundle 
of India coal is the prime source and it is going to stay as the main source in the future also. 
Moreover, low quality of Indian coal raises the production greenhouse gases in the country.  
 
Per capita energy consumption in India is one of the lowest in the world and yet about 40 
percent of its population have to get access to electricity. Growing population coupled with 
increasing income and ambitions is mounting demand for commercial energy. Given this 
scenario, it is essential for the country to find low carbon growth paths which in turn depends 
on finding ways of low commercial energy intensive paths. 
 
Indian government's approach towards pollution prevention and control and achieving energy 
efficiency standards has been mostly in the nature of legislation-based command and control 
measures and the actual use of fiscal incentives in the country has, however, been rather 
limited. In the last few years, the government of India has expressed the desire to use markets 
for control of pollution and enhancing energy efficiency in the country. To increase the energy 
efficiency in the energy intensive industries in a cost effective manner, the Bureau of Energy 
Efficiency (BEE) has launched a trading scheme in energy efficiency certificate known as 
Perform, Achieve and Trade (PAT) programme in 2012. 
 
The BEE has notified 478 designated consumers (DCs) in eight industrial sectors – thermal 
power, cement, iron and steel, pulp and paper, fertiliser, chlor-alkali, aluminium and textile 
plants – to comply with the energy conservation norms. The estimated annual energy 
consumption by the selected DCs is over 160 MMTOE. The aim is to achieve an 
approximately four per cent reduction (6.6 MMTOE) by the end of the first PAT cycle, in 
March 2015 relative to 2010 (BEE 2012). 
 
Market based instruments are supposed to obtain cost effectiveness in meeting the desired 
standards through the application of equi-marginal cost principle given the heterogeneity in the 
marginal costs. The paper aims at estimating firm specific shadow prices (marginal cost) of 
meeting the desired energy efficiency standards for the six industrial sectors (except thermal 
power sector and chlor-alkali). We estimate industry specific production function and 
calculate marginal rate of technical substitution between capital and energy inputs as a proxy 
for the shadow price of per unit of energy saved at margin. We observe high variability 
among the estimates not only between the industries but also within the industries implying 
that the new scheme would necessarily lead to cost effectiveness. The estimated shadow 
prices can be of importance in the planning of the targeted firms in meeting their standards 
either through the use of markets or domestic abatements. However, the scheme fails to meet 
some of the basic requirements such as creating a real scarcity of energy efficiency. During 
the period of 2000 to 2011, the energy efficiency in the Indian economy has increased at the 
rate of 2.7 percent per year (Source: enerdata) in the absence of any policy as against the 
target of 4 percent over the three years (2012 to 2015) relative to 2010 under PAT scheme. 
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The paper is organised as follows: the next section discusses on the market based instruments 
in the context of energy saving certificate. Description, in brief, of industrial energy use and 
the PAT scheme in India is presented in Section 3. Section 4 discusses the data used in the 
study and the methodology for the estimation of shadow prices of the energy saving 
certificates.  Estimated results are discussed in Section 5. The paper closes in Section 6 with 
some concluding remarks. 
 
2. Market based instruments and energy saving certificates 
Technically, energy intensity is defined as the amount of energy used to produce a given level 
of output and reduction in the energy input to output is known as improvement in energy 
efficiency. Note that there is gap in the used energy for a given level of output and the level 
of energy required when the most effective combinations of available technology are 
implemented.  The gap between the actual level of energy use for a unit of output and the 
required level of energy use at the technical efficient point is known as energy ‘efficiency 
gap’. The energy efficiency gap exists due to the existence of market barriers and 
imperfections. Market barriers and imperfections include heterogeneity, hidden costs 
(overhead costs in energy management), access to capital, risk, imperfect information, split 
incentives, power and status, adverse selection, principal-agent relationships, bounded 
rationality, form of information, credibility and trust, values and organizational culture 
(Sorrell et al 2000). Further Sorrell et al are of the view that the most common barriers are 
hidden costs and access to capital.  
 
Environmental economics literature talks about two kinds of policy instruments for control of 
pollution: command and Control (CAC) and market based instruments (MBIs). CAC 
measures offer little flexibility in the means of meeting the pollution targets since the 
involved firms are being to implement a given type of pollution control and have uniformly 
share the burden of pollution control. As a result, these measures may be effective in terms of 
achieving the targeted pollution level but can involve high costs because abatement control 
costs can vary greatly among firms. MBIs provide flexibilities to the firms in changing their 
production processes or redesigning their products and as a result same standards of 
pollution, at the aggregate level, could be achieved with lower costs. That is, MBIs provides 
cost effectiveness in comparison to CAC measures because market-based instruments 
equalise the marginal abatement costs across the firms (Tietenberg 1991, Stavins 2001, 
Portney 2003, Sterner 2003, Stavins 2004, Murty and Kumar 2004).  
 
Stavins (2001) defined the MBIs as “regulations that encourage behaviour through market 
signals rather than explicit directives regarding pollution control levels or methods” 
(Stavins, 2001:1). The definition highlights the overlaps and/or synergies between regulatory 
and economic incentives; which are highly applicable to the case of energy efficiency 
improvement schemes such as tradable while certificates or energy saving certificates. In the 
case of schemes like PAT, the cost effectiveness is realized as the firms equalize marginal 
cost of saving a unit of energy with the cost of purchasing a unit of energy. 
 
According to Stavins (2001) four types of market-based instruments can be distinguished: 
pollution charges, tradable permits, government subsidy reductions and market friction 
reductions. From this classification, and in light of the research, some aspects are worth 
mentioning. First, while government subsidy reductions address the removal of economically 
and environmentally inefficient subsidies (e.g. on fossil fuels), the provision of subsidies in 
other areas is not acknowledged (e.g. to support new energy efficiency and renewable 
technologies). However, it is argued that the provision of subsidies should be afforded equal 
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importance also in the context of energy for sustainable development (e.g. to internalise 
positive external effects, achieve specific objectives). Second, an important instrument 
missing from Stavins’ list, applicable to energy efficiency, is technology procurement. This 
policy instrument works through economic incentives and the setting of highly innovative 
technology requirements by major buyers or users (e.g., government agencies). Through the 
use of purchasing/negotiation power, these actors can accelerate technological innovation, as 
manufacturers compete for orders. Third, market friction reductions include liability rules and 
information programmes (e.g. product labelling).Unlike the resource approach, in which 
economic and informative instruments are presented as separate categories, the typology of 
market based instruments proposed by Stavins seems to acknowledge the fact that market 
signals are not exclusively related to purely economic incentives. 
 
Markets work for the commodities that are scarce, and the objective of introducing targets is 
creating scarcity for the energy saving certificates. Here it is assumed that the conditions on 
creditability and additionalities are satisfied so that no free riding can take place. Energy 
saving certificate price is defined as the value/cost of an additional unit of energy saved 
above the market price of energy; contrary to the cap and trade programmes for emissions 
where the emission certificate price is supposed to reflect the marginal cost of abatement. If 
the marginal cost of energy saved is equal to the market price of energy, then the user of the 
energy would be neutral between saving and using the energy unit at the margin. A firm 
would go for energy saving only if the value of saved energy in terms of marginal cost of 
substitution for that unit of energy at marginal is higher than the market price of the unit of 
energy. Through the trading of these certificates in the market, the cost effectiveness in 
meeting the standards are achieved. 
 
3. Industrial Energy Use in India and the PAT 
Growing population and economic growth drive a large increase in energy demand in India 
and put pressure on the energy security, reliability and affordability of energy supply in the 
country. The concerns about climate change further accentuate the challenges for energy 
policy makers in the country. Increasing energy efficiency is one of the major instruments in 
achieving the low carbon growth trajectory in the country. Industrial sector accounts for 
about 45 percent of the total commercial energy consumption in the country. Moreover, 
During the Copenhagen Conference government of India pledged to reduce carbon intensity 
in the country by 20-25 percent by 2020 which can be met only increasing the energy 
efficiency in the industrial sector in the country. 
 
Energy intensity in Indian industries is among the highest in the world. The manufacturing 
sector is the largest consumer of commercial energy compared to the other industrial sectors 
in India (GoI, 2007). In producing about a fifth of India's GDP, this sector consumes about 
half the commercial energy when the total commercial energy for industrial use in India is 
taken in consideration. The energy intensive industries represented 63% of the total energy 
consumed in the sector in 2005 (Figure 1) (Rue du Can et al 2009).  
 
Since year 2000, industrial GDP has been growing at the rate of 8.6% annually, whereas 
energy use in industry is growing at a comparatively lower growth rate of 5.8%. The lower 
rate of growth of industrial energy use can be attributed to many reasons. It has been 
observed that in recent years, industry has been choosing state-of-the-art technologies, which 
are more energy-efficient. Also, there have been many in-house efforts made by the industry 
to become more energy-efficient. Figure 2 presents the energy intensity in the country and 
compares it with the western world. The figure shows that over the period of time since the 
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early 1990s the energy intensity in the country is declining. Over the period of 2000 to 2011 
the per annum rate of decline in energy intensity in the country was of the tune of 2.7 percent 
which is higher than the world average and the European Union countries, however in recent 
years the rate of decline has been slowed down, for example in the last year (in 2011 over 
2010) it was mere -1.1 percent which is much smaller than the world average (-1.6 percent) 
and European Union countries (-4.8 percent) (Enerdata 2012). 
 
Goldar (2010) shows that the decline in energy intensity of Indian manufacturing in the post 
1992 period is attributable mostly to an improvement in energy use efficiency of energy 
intensive industries. Table 1 shows estimates of specific energy consumption for three energy 
intensive industries in India and compares it with some key countries. However, opportunities 
to reduce energy intensity still exist. While selected modern Indian units often display very 
high efficiency that approaches world best practice levels, the average intensity lags world 
best levels. An exact comparison between countries specific energy consumption would need 
to be adjusted for the country specific product and technology mix. For example, the 
recycling rate for steel scrap exceeds 60% in the US and 50% in the EU, which explains the 
lower energy requirement. In India the recycling rate for steel scrap is in the order of 5% (Rue 
du Can et al 2009). 
 
Moreover, some recent studies observer high variability in the energy intensity between and 
within industries and across regions (e.g. Goldar 2010, Sahu and Narayanan 2009). Goldar, 
using Annual Survey of Industries (ASI) data, makes a comparison of energy intensity across 
four-digit manufacturing industries for 2003-04 and finds that energy intensity is more than 
10% in 17 industries (in 4 cases exceeding 20%), between 5 and 10% in 22 industries, 
between 2.5 and 5% in 45 industries and less than 2.5% in 44 industries (some cases less than 
1%). He also observes that the industries in which the energy intensity is more than 10 
accounted for about 57% of total energy consumption in organized manufacturing (in value) 
and about 25% in value added and 22% in value of output in 2003-04. Similar trend was 
observed by Sahu and Narayanan using the Prowess dataset. Goldar (2010) attributes the 
variation within industry and between industries to technology (captured by R&D intensity, 
materials import intensity and technology import intensity) adoption, use of IT, size, vintage 
and location of the firms. Bigger size firms are found to be more energy efficient whereas the 
old firms are less energy efficient. 
 
Above discussion reveals three points: (i) though there has been a declining in the energy 
intensity in the country since the beginning of 1990s but the trend has been slowed down in 
recent years; (ii) the energy intensity of Indian industry is very high relative to the best 
practices available worldwide revealing a big scope for improvement in energy intensity by 
the Indian industry; and (iii) there is high variability in energy intensity between and within 
industries across the country. Based on the above assessment it can be said that for securing 
energy security and addressing climate change concerns India needs a policy framework that 
helps in improving energy efficiency in the country in a cost effective manner. Market based 
instruments such as taxes and tradable energy saving certificates can help in this direction as 
Goldar shows a strong negative relationship between energy intensity and energy prices in 
the industrial sector. 
 
In order to accelerate the energy efficiency in a cost effective way the Ministry of Power 
launched a scheme known as the Perform Achieve and Trade (PAT) on 30th March 2012. 
PAT is a market based mechanism to enhance cost effectiveness of improvements in energy 
efficiency in energy-intensive large industries and facilities, through certification of energy 
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savings that could be traded. The genesis of the PAT mechanism flows out of the provision of 
the Energy Conservation Act, 2001; Section 14 (e) of the Act empowers the Central 
Government to notify energy intensive industries, as listed out in the Schedule to the Act, as 
Designated Consumers (DCs). The DCs account for 25% of the national gross domestic 
product (GDP) and about 45% of commercial energy use in India The Ministry of Power 
(MoP) had notified industrial units and other establishments consuming energy more than the 
threshold in 9 sectors namely Thermal Power Plants, Fertilizer, Cement, Pulp and Paper, 
Textiles, Chlor-Alkali, Iron & Steel, Aluminium and Railways in March, 2007 as DCs. 
However, when on 30 March 2012 the PAT scheme was launched it covers only 8 sectors; 
railways is not covered by the PAT scheme. Table 2 presents the number of the designated 
consumers and their energy intensity which are regulated under the PAT scheme.  
 
PAT Booklet (BEE 2012) outlines the rules of the PAT scheme in details which are 
summarised here. Under the rules energy consumption by major industries are fixed for the 
targeted years based on initial year consumption. The compliance of the consumption norms 
and standards is to be achieved with in a period of three years from the date of the 
notification. The targets are fixed separately for each designated consumer (DC) (plant- 
because of different vintages). 
 
The energy consumption norms and standards shall be determined on the basis of: 
(i) average rate of reduction in specific energy consumption across all the designated 
consumer sectors' determined on the basis of the analysis of data of the last three years; and 
(ii) policy objectives of keeping the target of reducing the specific energy consumption a few 
percentage points above the average rate of reduction keeping in view the incentive provided 
through the issue of energy savings certificate. 
 
For the purpose of establishment of energy consumption norms and standards setting of a 
technical committee was proposed by the Bureau to calculate specific energy consumption of 
all form of fuel in the baseline year and in the target year into a single unit, namely, ton of oil 
equivalent using the conversion formulae specified in the Government of India, Ministry of 
Power notification number 8.0.394(E), dated the 12th March, 2007. 
 
Based on the report of the technical committee, The Bureau shall finalize its report containing 
its recommendation regarding the energy consumption norms and standards for each 
designated consumers' plant and submit its report to the Central Government which would 
then issue the Notification about the energy consumption norms and standards and their 
compliance. 
 
The assessment of performance of each consumer would be based on the report of 
compliance submitted by them within three months of the conclusion of the target year from 
the baseline year. The report is to include all necessary details about the energy savings 
measures implemented for compliance with the energy consumption norms and standards in 
covering the relevant cycle enclosing therewith, a brief about the year-wise energy savings 
measures, details of investment made, photographs in support of measures implemented in 
each year, if feasible, and percentage improvement in energy savings achieved in every year 
following the baseline year until the target year; 
 
Once the evaluation is done by the designated competent authorities with all checks and 
verifications of each activity undertaken by the designated consumer for compliance with the 
energy consumption norms and standards and entitlement or requirement of energy savings 
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certificate, the recommendation for issue of energy saving certificate may be made by the 
Central Government. 
 
The designated consumer may seek issue of energy savings certificates in proportion of its 
performance achieved during the first or second or target year with respect to compliance 
with the energy consumption norms and standards and the total amount of energy savings 
certificates recommended shall be adjusted against the entitlement on conclusion of the target 
year as per the predetermined formulae for each industry. The certificates of the required 
value may be issued by the Central Government in electronic form where the value of one 
energy savings certificates shall be equal to one metric ton of oil equivalent of energy 
consumed. The energy savings certificates may be sold through the power exchange.  Since 
the energy savings certificates issued in a cycle period shall remain valid till the completion 
of the compliance period of the next cycle, therefore the certificates issued during the current 
cycle may be used during the next compliance cycle. 
 
The energy consumption norms and standards achieved by the designated consumer on the 
completion of the target year shall be the baseline for establishment of new plant specific 
energy consumption norms and standards for designated consumers for the next cycle. 
 
It is expected that the designated consumers shall get the work of verification done through 
accredited energy auditors; and take all measures including implementation of energy 
efficiency projects recommended by the accredited energy auditor and good practices 
prevalent or in use in the concerned industrial sector so as to achieve the optimum use of 
energy in their plant. 
 
In all 478 DCs were identified who use 45% of the commercial energy use in India. Total 
target of reducing energy consumption by these DCs was 6.686 million ton of oil equivalent 
(toe) of which around 45% was to be by the power plants and the target was based on an 
objective and transparent objective (Figure 3).  
 
It was stipulated that those DC’s who achieve targets over and above the specified target 
savings would be issued energy saving Certificates ESCert which could be traded in two 
exchanges Indian Energy Exchange (IEX) and Power Exchange of India (PXIL). First of 
these certificates are expected to be delivered in 2013-14. It was expected that if a designated 
consumer achieve and surpass the target, it can sell its excess savings in the form of Energy 
Savings Certificates (ESCerts), and if it fails to achieve its targets, it must purchase the 
appropriate number of ESCerts to “meet” its energy savings targets. Moreover, the firms are 
allowed to use these earned ESCerts in the second cycle of the programme which is supposed 
to start in 2015, i.e., banking of the ESCerts is allowed. Thus the programme provides scope 
for meeting the conditions of dynamic efficiency also. 
 
The above discussion of the PAT rules reveals that the firms (DCs) under regulation can meet 
the prescribed standards either on their own and if they fail to meet the standards they can 
purchase the ESCerts from the market. Similarly, the firms which over-comply can earn 
ESCerts and sell in the markets those who are not able to meet the standards domestically. 
But to plan whether the firm should go for domestically meet the standards or take the help 
on market in realizing the prescribed standards need some indicative market price of the 
ESCerts. The present study aims to provide the indicative price for the certificates in terms of 
the marginal rate of technical substitution between energy and capital input. If the firms aim 
to save energy for producing the given level of output, it is supposed to do factor substitution.  
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4. Data and Methodology 
Energy Conservation Act identifies the designated consumers (DCs) across nine industries 
namely Thermal Power Plants, Fertilizer, Cement, Pulp and Paper, Textiles, Chlor-Alkali, 
Iron & Steel, Aluminium and Railways in March, 2007.  The Bureau of Energy Efficiency 
targets DCs across eight industries (except railways) for meeting the prescribed energy 
efficiency standards using the tradable energy saving certificates (ESCerts) on 30 March 
2012. In the present study we attempt to measure the shadow price of energy saved for six 
industries namely Thermal Power Plants, Fertilizer, Cement, Pulp and Paper, Textiles, Iron & 
Steel, and Aluminium using production function framework. Note that the firms that are used 
in the study are not the same which are targeted by the standards. 
 
Data: The main data source for the study is Ace Equity data base. Like other data base 
Capital Line and Prowess, Ace equity provides data for registered and unregistered corporate 
firms in India. The data has been mainly taken from the Profit and Loss account; Finished 
Product account and Power and Fuel account statements of the firms and covers the period 
from 2005 to 2010. The variables used are net sales (Rs crores); salaries, wages and bonus for 
labour (Rs crores); gross block for capital (Rs crores); raw material used during the year (Rs 
crores); and energy used (physical units). So while all other data series are in financial units, 
the energy variable is measured in physical units. 
 
Gross block has been defined as the sum total of value of all assets of the firm at their cost of 
acquisition. Raw material used is defined as raw material purchased during the year-opening 
balance + closing balance. Energy used by different firms varies in terms of type of energy 
and the reported units of measurement. Main energy sources used are electricity, coal, 
furnace oil, diesel, light speed diesel, high speed diesel and bio-mass. All of these have been 
converted into gross calorific value and is expressed as million Kcal. Conversion factors are 
provided in Table A1.  
 
All the variable series have been deflated and have base 2004-05. However, the material 
input series is deflated by the price indices which are based on computations using WPI 
indices for the Input-Output sectors. 
 
Methodology: We use the KLEM production function specification for estimation of shadow 
price of energy which is supposed to be the shadow value of energy substituted for the 
capital. Capital, labour and energy are taken as three inputs. Output is accordingly defined as 
total value of output. 
 
Let the production function be: 
 
� = �(�, �, �,	) (1) 
 
where K denotes capital, L labour, E energy, M material input and Y output. In the 
equilibrium the marginal rate of technical substitution between energy and capital is equal to 
their price ratio, i.e., 
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However, the firms being in short run equilibrium rather than long term may not be able to 
substitute energy by capital because of technological constraints. Capital, given the 
technology is almost fixed which makes it very difficult to have the flexibility of substitution 
between capital and energy. Thus the equilibrium in practice may be non-attainable.  In such 
a situation it may be possible that some of the firms in an industry and the industry as a whole 
may not find it feasible and economically attractive to change its energy intensity and could 
be quite insensitive to prices. 
 
Given the equilibrium, the marginal shadow value of energy is 
 

�� = ��(
��

��
)   (3) 

 
assuming that the market price of capital is the shadow price of capital. Marginal shadow 
value of energy above the market price of energy is supposed to be the market price of 
ESCerts.  
We estimate the production function using firm-level panel data for the six Indian 
manufacturing industries for the period 2005 to 2010, separately for each of the industry. 
 
 
5. Results 
 
Results of the Production Function estimation 
This study is an attempt to estimate the production function using panel data firm-level data 
for the Indian manufacturing industries for the six industries. Cobb Douglas Production 
function for each industry has been estimated using the panel data techniques of Fixed Effect 
and Random Effect and Hausman test has been applied to select the appropriate functional 
form. The results are summarized in Table 3 (a) for steel, cement and textile industry; and 
Table 3(b) for the remaining three; i.e. fertilizer, paper and aluminium. 
 
Table 3(a) shows that in all the three industries i.e. steel, cement and textile the fixed effect 
model is more appropriate than the random effect model. All the input coefficients including 
energy and materials are statistically significant mostly at 1% level of significance and have 
expected signs except capital coefficient for steel industry where it is negative for fixed effect 
model but positive for random effect model, and we use the random effect model in this 
particular context for computing shadow price of energy. 
 
Results for fertilizer, paper and aluminium industry in table 3(b) indicate that fixed effect 
model is the right choice for these industries also. However, in these industries not all input 
coefficients are statistically significant. While material input coefficient is significant in all 
three industries, the energy coefficient is significant only in fertilizer and paper and not in 
aluminium, which has the highest energy intensity with a very high variation within the 
industry indicating large variation in technology among firms. The interesting phenomenon is 
that there seems to be a high degree of substitution between capital and energy in these 
industries as seen from the fact that in aluminium industry though energy coefficient is not 
significant but the capital coefficient is significant and reverse is true in the other two 
industries fertilizer and paper. 
 
Our production function estimates are in conformity to other studies though a limited number 
of studies focus on estimating production function for more than three inputs and taking 
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energy as one of the important input for the production process of industries. Overall the 
production function estimation results reveal that there is high substitutability among the 
energy and non-energy inputs in all the six industries. This result corroborates with Goldar 
(2012). Goldar (2012), using a translog production function framework, finds that in the post 
1992 period in the Indian industry the decline in energy intensity is coupled with the increase 
in capital intensity implying possibilities of substitutability among energy and capital inputs. 
Similarly, Berndt et al. (1998) show that electricity is a weak substitute for both capital and 
labour in major Alabama industries and regulatory constraints are binding due to inelastic 
electricity demand. Mahmud (2000) finds very little substitution between energy and other 
inputs but weak substitution between electricity and gas in Pakistan manufacturing. Chang 
(1994) finds that energy and capital are substitutes. Ma et al. (2009) results suggest that 
energy is substitutable for capital regionally and for labour nationally. Capital substitutes for 
energy more easily than labour does. 
 
Results for energy intensity and shadow price of energy 
Based on the production function estimates we have computed shadow price of energy for all 
the firms in each of the six industries using equation (3). We present here the summary of two 
key variables computed from the data; namely the energy intensity as measured by ratio of 
energy to sales and shadow price for the six industries which are covered in the current study. 
 
The Table 4 depicts that mean ratio of energy used to net sales i.e. energy intensity differ 
among the six industries and it is lowest in the textile industry and highest in the aluminium 
industry.  It is also observed that energy intensity is low in fertilizer, steel and paper; but high 
in cement. However, the differences in energy intensity are large not only between the six 
industries but are also very stark among firms within the same industry- as high as maximum 
15.5 toe/million rupees to minimum of just 0.20 toe/million rupees in case of Aluminum with 
the similar pattern in other industries also. 
 
The behaviour of shadow price of energy depicts a similar picture of inter and intra industry 
large differences in its values. Table 4 shows how the different industries are expected to pay 
the shadow price of energy as an internal mechanism of substitution between energy and 
capital. It shows that while the shadow price of a firm in cement industry is only around Rs 
101 thousand, the same is as high as Rs 799 thousand for the fertilizer industry. It could 
imply that while cement and paper may be relatively more energy inefficient industries; the 
textile, steel and fertilizer are highly energy efficient and required large capital substitution to 
save one tonne of oil equivalent amount of energy. The relationship between these two 
variables is explored through graphs where we expect an inverse relationship between the 
two. Most of these graphs are showing an almost L-shaped relationship between the two 
variables supporting an inverse relationship but with concentration on the vertical arm for 
steel; textiles and fertilizers where the energy to sales ratio is low for most of the firms within 
that industry with few with very high energy intensity1. This may be due to technological 
lock-in problems and firms may be in short run equilibrium, i.e., due to technological 
constraints firms might not be able to substitute capital for energy and are insensitive to 
energy prices. 
 
The relationship between these two variables is explored through graphs where we expect an 
inverse relationship between the two implying that the firms which observe high energy 

                                                           
1
 Some of the firms with very high or very low energy intensity have been filtered in each industry before the results are 

obtained. 
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intensity or those who are less efficient in the energy use can save energy at lower 
opportunity cost relative to the firms which are better in the management of energy 
efficiency. Given the high variability in the opportunity cost of saved energy (marginal cost 
of energy saved), the PAT mechanism would help in achieving the targets at lower cost in 
comparison to command and control kind of framework.   
 
 
5. Conclusions 
The PAT scheme was launched by Government of India to improve energy efficiency of 
Indian industry on 30th March 2012 covering eight industries which together constitutes about 
45 percent of industrial energy consumption in the country. This is the first scheme of its own 
kind in the country as it seeks to utilise the markets for achieving the given target of saving 
energy use in the country of the tune of 6.69 million tonnes of oil equivalent energy over the 
period of three years, i.e., 2012 to 2015. It certifies the energy saved in eight large scale 
energy intensive sectors and the certificates can be traded in the market. This scheme targets 
the specific energy consumption (SEC), defined as the per unit use of energy, of the plants 
covered under the scheme. Plants exceeding their target energy efficiency will get the energy 
saving certificates known as ESCerts which can be sold to those plants which fail to meet 
their respective energy efficiency targets. Thus the cost effectiveness can be achieved through 
equalizing the marginal cost of per unit of energy saved (shadow prices) across the plants. 
But to plan whether the targets should be met domestically or by purchasing ESCerts from 
the market the firms need some idea about the market price of the ESCerts. 
 
In the present study an attempt is made to estimate firm specific shadow price of energy 
saved using a production function framework for the six industries using panel data for the 
period 2005 to 2010. The study finds a huge variability in the shadow price of energy saved, 
not only across the industries but also among the plants within an industry. Moreover it also 
finds that there is an inverse relationship between the unit shadow price of energy and energy 
intensity of a firm implying that the energy inefficient firms can reduce the energy 
consumption at lower cost in comparison to the energy efficient firms. Here it should be 
noted that the shape of the marginal cost of abatement curve (shadow price), though 
downward sloping for all the six industries, is not same across the industries. In some of the 
industries i.e. aluminium, steel and textile its shape is less rectangular relative to others 
implying that in these industries reducing further energy consumption per unit of output is 
relatively difficult. Thus it can be said, given the high variability of shadow prices and 
inverse relationship between shadow prices and energy intensity the PAT scheme will results 
in substantial cost savings if the markets for the ESCerts are working efficiently. 
 
The success of the scheme such as PAT depends on whether in the markets there is really a 
scarcity of the traded commodity and how strict are compliance norms and penalties. Figure 2 
shows that during the period of 2000 to 2010 the annual rate of improvement in energy 
efficiency in the economy was 2.7 percent, though it has declined in recent years. In the first 
phase of three years (2012-15), the targeted reduction under the PAT scheme is 4.3 percent, 
i.e., about 1.5 percent per year. It puts a serious question mark whether the scheme is able to 
create scarcity for the energy savings in the economy. To meet the compliance conditions the 
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BEE has designed a detailed monitoring and verification code and non-compliant firm has to 
pay upfront a penalty of rupees not exceeding one million and for continuing failure a penalty 
not less than the price of every metric ton of oil equivalent of energy.  Penalty would be in 
case of non-achievement of targets by the DCs at the end of 3 years and DCs would not be 
liable to pay before 3 years. The value of per metric ton of oil equivalent of energy consumed 
for the purpose of these rules was specified as rupees 10154 for the year 2011-12 and it shall 
be reviewed every year. But this penalty is too modest and perhaps not hard enough to 
motivate the DCs to adopt energy efficient measures, given the shadow value of capital 
required to reduce one tonne of oil equivalent of energy at the margin. 
 

Moreover, it should be noted that the scheme is applicable only for the 478 DCs of 8 
industries, though there are 15 industries which are energy intensive and large in scale in the 
country. Initially BEE had identified 714 plants to be covered by the PAT scheme. Energy 
audit is mandatory for the large firms in these 15 industries, so if all the 15 industries are 
allowed to take part in the trading scheme, on the lines of CDM, the cost effectiveness 
improves in meeting the standards even for the specified DCs. 
  
Given the low levels of energy efficiency targets, at present the PAT scheme does not create 
strong incentives in the economy for resource allocation. Overall industry targets could be 
achieved by each unit making small improvements and some trading taking place at the 
margin (Goldar and Bhalla 2012). By putting some stronger feasible targets, allowing more 
industries and firms which are large and energy intensive to participate in the trading and by 
allowing forward trading in the ESCerts coupled with some change in the design of PAT may 
help to achieve larger reductions in industrial energy use, which is being targeted now. 
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Table 1. Final Energy Intensity (GJ per Tonne) 

 
Source: Stephane de la Rue du Can, Michael McNeil, and Jayant Sathaye 2009 
 
Table 2: Minimum annual energy consumption and estimated number of Designated 
Consumers (DCs) in select sectors 

 
Source: BEE (2012) 
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Table 3(a): Model Estimates, explaining production function 
  Steel Pig Industry Cement Industry Textile Industry 

  Fixed effect 

  

Random effect 

  

Fixed effect 

  

Random effect 

  

Fixed effect 

  

Random effect 

  

Explanatory 
variable 

Coeffici
ent 

t-
ratio 

Coeffic
ient 

t-
ratio 

Coeffic
ient 

t-
ratio 

Coeffic
ient 

t-
ratio 

Coeffici
ent 

t-ratio Coeffici
ent 

t-
ratio 

llabour 0.116 4.42* 0.132 5.87* 0.101 2.55** 0.163 5.48* 0.133 5.07* 0.149 8.21* 

lcapital -0.068 -2.30** 0.055 2.38** 0.150 3.66* 0.213 5.80* 0.069 2.30** 0.122 5.31* 

lrm 0.573 17.30* 0.620 21.66* 0.436 13.76* 0.399 13.90* 0.554 24.68* 0.573 34.20* 

lenergy 0.084 3.15* 0.092 4.96* 0.202 7.00* 0.225 9.22* 0.083 5.25* 0.077 6.12* 

constant 2.283 7.29 1.341 7.39 0.676 2.09 0.042 0.22 1.255 8.95 0.968 10.20 

no of 
observations 

300   300   218   218   593   593   

overall R2 0.9382   0.9498   0.9555   0.9611   0.9592   0.9601   

F- 
value/Wald 
Statistics 
(p value) 

236.74 

(0.000) 

  2182.61(0.

000) 

  158.93 

(0.000) 

  1894.85(0.

000) 

  379.34 

(0.000) 

  5477 

(0.000) 

  

Hausman 
Chi square  
( p value) 

52.98 

(0.000) 

      20.38 

(.0004) 

      13.09 

(0.0109) 

      

 

*  Significant at 1% level 
**  Significant at 5% level 
**  Significant at 10% level 
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Table 3(b): Model Estimates, explaining production function 
 

  Fertilizer Industry Paper Industry Aluminum Industry 

  Fixed effect Random effect Fixed effect Random effect Fixed effect Random effect 

Explanatory 
variable 

Coeffi
cient 

t-
ratio 

Coeffic
ient 

t-
ratio 

Coeffic
ient 

t-
ratio 

Coeffic
ient 

t-ratio Coeffi
cient 

t-
ratio 

Coeffic
ient 

t-
ratio 

llabour 0.443 4.12* 0.265 3.54* 0.154 2.65* 0.174 3.92* 0.078 0.90 0.145 

1.80**

* 

lcapital 0.157 0.99 -0.009 -0.12 0.036 0.72 0.111 2.69* 0.217 3.16* 0.189 3.07* 

lrm 0.673 14.80* 0.724 20.22* 0.613 12.81* 0.576 13.58* 0.397 5.17* 0.487 6.89* 

lenergy 0.073 

1.70**

* 0.047 

1.70**

* 0.082 2.79* 0.095 3.88* 0.033 0.47 0.099 1.92** 

constant -0.254 -0.29 1.258 4.79* 1.140 3.88 0.779 3.58 2.138 3.37 1.169 2.92 

no of 
observations 118   118   189   189   64   64   

overall R2 0.9634   0.972   0.9491   0.9578   0.9616   0.9637   

F- 
value/Wald 
Statistics 
(p value) 

159.65 

(0.000)   

1623.18(0

.000)   

131.24 

(0.000)   

1361.27(0

.000)   

15.01 

(0.000)   

366.18 

(0.000)   

Hausman 
Chi square  
( p value) 

10.5 

(.0329)       

22.74 

(0.0001)       

106.33 

(0.000)       

*  Significant at 1% level 
**  Significant at 5% level 
**  Significant at 10% level 
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Table 4: Summary Statistics for Ratio of energy to sales (toe/million rupees) and Shadow price (thousand rupees) 
   Ratio of energy to sales Shadow price 

Industry Obs Mean Std. Dev. Min Max Obs Mean Std. Dev. Min Max 

Cement 201 2.678 1.207 0.06662 6.853 201 100.92 173.41 20.07 958.08 

Steel 300 0.061 0.095 0.00067 0.491 300 437.93 539.30 2.43 2911.55 

Textile 610 0.040 0.069 0.00507 0.830 610 505.02 494.05 11.95 2974.45 

Fertiliser 117 0.057 0.077 0.00020 0.334 117 799.04 1202.73 15.14 5083.14 

Paper 189 0.179 0.126 0.00785 0.552 189 118.05 151.14 9.89 912.62 

Aluminum 40 3.399 4.778 0.20301 15.478 40 238.24 119.64 84.57 457.39 

 
 
Table 4a: Descriptive Statistics of Energy Intensity (toe/million rupees) and Shadow Price (thousand rupees) for 2010 

  Energy Intensity Shadow Price 

Industry Obs Mean Standard Deviation Min Max Obs Mean Standard Deviation Min Max 

Cement 36 2.61 1.30 0.07 5.39 36 131.97 229.05 11.49 958.08 

Textile 125 0.09 0.48 0.01 5.32 125 599.70 1022.79 1.80 9211.92 

Paper 36 0.18 0.12 0.01 0.50 36 171.82 284.34 12.16 1378.92 

Aluminum 14 5.51 11.69 0.22 44.01 14 1577.43 4089.72 25.33 15600.00 

Fertilizer 25 0.07 0.11 0.00 0.39 25 1625.44 3175.59 9.66 12000.00 

Steel 68 10.16 80.43 0.00 663.54 67 458.33 926.67 0.00 5474.15 

 

Table 4b: Descriptive Statistics of Energy Intensity (toe/million rupees) and Shadow Price (thousand rupees) for 2010 for Big Energy Consumers 

  Energy Intensity Shadow Price 
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Industry Obs Mean Standard Deviation Min Max Obs Mean Standard Deviation Min Max 

Cement 18 2.62 0.81 0.92 4.04 18 60.25 29.69 11.49 106.99 

Textile 62 0.16 0.68 0.01 5.32 62 286.04 203.63 1.80 756.76 

Paper 18 0.25 0.11 0.09 0.50 18 59.39 44.50 12.16 193.87 

Aluminum 7 10.04 15.74 0.29 44.01 7 393.76 539.66 25.33 1553.35 

Fertilizer 13 0.13 0.13 0.00 0.39 13 433.97 931.96 9.66 3425.02 

Steel 34 20.30 113.67 0.00 663.54 33 182.90 309.07 0.00 1351.07 
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Figure 1: Industrial Final Energy Use by Sub-sector 

 
Source: Stephane de la Rue du Can, Michael McNeil, and Jayant Sathaye 2009 
 
Figure 2: Energy intensity of GDP at constant purchasing power parities (koe/$2005p) 

 
Source: Based on data from Enerdata Statistical Yearbook 2012 
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Figure 3: National Energy Saving Targets under PAT (%) 2012-15 

 
Source: PAT Booklet 
 
 
Figure 4(a) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Cement industry 
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Figure 4(b) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Steel industry 

 
 
 
 
Figure 4(c) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Textile industry  
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Figure 4(d) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Fertiliser industry 
 

 
 
Figure 4(e) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Paper industry 
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Figure 4(f) Relationship between shadow value of energy (thousand rupees) and energy 
to sales ratio (toe/million rupees) in Aluminium industry  
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Annexure 
 
Table A1: Energy Conversion Factors 

Product Calorific Value (Kcal) 

British Thermal 

Units (BTUs) KWh Unit 

Electricity (kwh) 859.85 3412.14 1.00 per kWh 

Coal 4000.00 15873.28 4.65 per kg 

Furnace Oil 10500.00 41667.36 12.21 per kg 

Diesel 10800.00 42857.86 12.56 per kg 

Light Diesel Oil 10700.00 42461.02 12.44 per kg 

High Speed Diesel 10600.00 42064.19 12.33 per kg 

Natural Gas 9350.00 37103.79 10.87 

per 

Nm3 

Biomass 3568.00 14158.97 4.15 per kg 

 


