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Abstract
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names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.
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India’s manufacturing sector has undergone many spa-
tial adjustments since 1989, including, for example, the 
organized sector’s migration to rural locations, the power-
ful rise of informal manufacturing within cities, and the 
development of intermediate cities for manufacturing. This 
paper investigates the impact of these spatial adjustments 
for electricity usage in India’s manufacturing sector. Strik-
ing spatial differences in energy usage exist, and whether 
spatial adjustments exacerbate or alleviate energy consump-
tion strains is important for issues ranging from reducing 
India’s power blackouts to stemming rising pollution 
levels. Using detailed surveys for the organized and unor-
ganized sectors, the analysis finds that electricity usage per 
unit of output in urban plants declined steadily during 

1989–2010. In the rural areas, by contrast, electricity con-
sumption per unit of output for organized sector plants 
peaked in 2000 and thereafter declined. Decomposing the 
observed trends in aggregate electricity usage from 2000 
onwards, the paper finds that most reductions in electricity 
usage per unit of output came from reductions in exist-
ing sites of activity (defined through state-industry-urban/
rural cells). The second biggest factor leading to reduced 
usage was lower usage in fast-growing sectors. By contrast, 
spatial movements of manufacturing activity across India 
did not significantly change usage levels and may have 
even increased them. This appears to have been in part 
because of the split nature of the mobility, with organized 
and unorganized sectors migrating in opposite directions.
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I. Introduction 

India ranks fourth in the world in energy consumption, placed after United States, China, and 

Russia. India is not well endowed with abundant energy resources, making questions of energy 

security and sustainability a matter of national importance. Of course, as the world’s second-

largest country, how India manages its industrialization and urbanization process is a matter of 

global importance. These processes and India’s energy usage will directly impact worldwide 

energy prices, pollution levels and climate change, and much beyond.  

India is slowly working towards sustainable equilibrium in its energy consumption patterns.
1
 For 

instance, the energy intensity of GDP in India, defined as the energy input associated with a unit 

of GDP, has declined from 1.09 kilogram unit of oil equivalent (koe) per USD in 1981 to 0.66 

koe per USD in 2011 (Planning Commission, 2012; also see Prayas, 2009). Using GDP at 

purchasing power parity, India’s energy intensity drops to 0.19, which is at par with the world 

average, but higher than most of the European countries. Specifically, China’s energy intensity is 

roughly 1.5 times that of India (World Energy Outlook, 2011).
2
  

These aggregate trends and their future trajectories are comprised of spatial and industrial 

developments in energy usage within India. This study charts out these detailed and localized 

patterns of electricity consumption for India’s manufacturing sector. We specifically consider the 

formal and informal manufacturing sectors in India and a time span stretching from 1989 to 

2010. Understanding these patterns from a cross-sectional or static perspective is important so as 

to identify areas of best potential for improvement (e.g., heavy consumption industries, leading 

vs. lagging states). While such detail is important, assembly of data surrounding energy usage is 

difficult for a host of reporting factors depicted below. A very important part of this project is the 

development of a comprehensive data platform to provide metrics on these levels of activity.     

Beyond these static depictions, however, lies our real focus on the dynamics of India’s electricity 

usage and how they relate to India’s changing economic geography. India’s manufacturing sector 

                                                           
1
 For an overview of the power sector in India, see World Bank (2013), Abeberese (2013), and Alam (2013). 

2
 Recent estimates by McKinsey & Company (2014) suggests that India’s overall energy intensity at 0.56 koe/USD, 

which is high compared to even other developing countries like Brazil at 0.25 koe/USD or Malaysia at 0.40 

koe/USD, indicating significant improvement potential. 
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has been undergoing significant spatial transformations since the liberalizations began in the 

1990s. Recent research shows that the organized sector is transitioning out of urban areas and 

towards rural locations within districts, while the unorganized sector, by contrast, is transitioning 

towards urban areas within districts (Ghani et al., 2012). Looking across districts, the organized 

sector is increasingly locating in sites along major infrastructure projects like the Golden 

Quadrangle highway network (Ghani et al., 2014). This has activated medium-density 

intermediate cities to be an important part of India’s manufacturing growth, an area where India 

has struggled (e.g., Desmet et al., 2013). Several studies show the importance of new entrants in 

these spatial dynamics, and Ghani et al. (2013) describe how the location of plants by urban vs. 

rural settings impact their material input usage and associated productivity. 

This study examines these forces through the unique lens of the efficient use of energy. To begin, 

very little is known about whether the electricity usage per unit of output is higher or lower along 

the following dimensions:  

 Urban vs. rural settings within districts  

 Advanced vs. economically backward locations  

 Purchased energy vs. own-firm provision  

 Older vs. younger plants  

 Organized vs. unorganized sectors  

While we may instinctively rank order some of these dimensions, the trends discussed above are 

hard to add up. For example, we might often suspect urban settings reduce the cost of electricity 

use per output level due to denser customer bases and more-efficient plant sizes for local energy 

producers, but the largest plants in India are moving towards rural locations, often provisioning 

some of their own energy, and building new plants in this process. We do not know how these 

forces add up and whether these migrations are tending to increase or decrease overall energy 

consumption.  
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The study begins by developing estimates of electricity consumption for the Indian 

manufacturing sector in multiple years from 1989 to 2010 using the information collected on the 

plant-level surveys included for the formal sector through the Annual Survey of Industries (ASI) 

and for the informal sector through the National Sample Survey Organisation (NSSO). The 

following survey years are included for both the sectors: 1989-90, 1994-95, 2000-01, and 2005-

06, while the year 2009-10 is included for ASI and the 67
th

 round of NSS spanning from 2010-

2011 is included for the unorganized sector. 

Our baseline results suggest that that electricity consumption per unit of output in organized and 

unorganized urban plants has declined during 1989-2010. In the rural areas, by contrast, 

electricity consumption per unit of output for organized sector plants peaked in 2000 and 

thereafter it declined. These results broadly confirm the findings of Sengupta (2012) who 

compares four alternative scenarios of economic growth (8% growth vs. 6% growth) and energy 

prices (no increase vs. 3% increase) and argues that energy intensity in India will likely continue 

declining in the next two decades.
3
 This result comes out even stronger during periods of high 

economic growth and energy price increases.
4
  

Beneath these aggregate figures lies much heterogeneity. We evaluate the differences in usage 

levels that exist between leading states in India and those that are economically less developed. 

Our results suggest that the usage of electricity per unit output is remarkably high in states such 

as Madhya Pradesh and Orissa throughout the five surveys, in some cases twice the level of India 

as a whole. By contrast, states like Delhi and Haryana display electricity consumption levels that 

are consistently lower than the national average. We show more broadly a strong link of lower 

electricity consumption levels per unit of output in more developed states, although we discuss 

why the sorting of manufacturing plants over locations limits the strength of these conclusions. 

                                                           
3
 Increased electricity costs in many developing countries are driving the declining trend in energy usage. See, for 

example, Fischer-Vanden et al. (2013) for the case of China and Prayas (2009) for the case of India. Abeberese 

(2013) contends that this may not necessarily be good for overall productivity of the sector because high electricity 

prices may force firms to switch to less technologically intensive products/production processes, which require less 

electricity for production but lowers their productivity. 
4
 For an analysis of the impact of electricity price on the efficiency of using electricity in a developed country like 

the United States, see Davis et al. (2008). Other papers that examine the determinants of electricity prices in 

developed country markets include Davis et al. (2013) and Joskow and Wolfram (2012). 
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We also specifically analyze the differences in electricity usage patterns that exist between 

various industries in India and those that are especially intensive in energy. World Bank and 

Government of India (2011) broadly classify the industrial sector as energy-intensive industries 

(e.g., iron and steel, fertilizer, petroleum refining, cement, aluminum, and pulp and paper) and 

light industries (e.g., food processing, textiles, wood products, printing and publishing, and metal 

processing). The energy-intensive industries account for a bulk of the energy consumed in the 

sector. Our results mirror the findings in several studies that industry has recorded greater energy 

efficiency improvement since the late 1980s (e.g., Roy, 2007; Sengupta, 2012). Many factors 

account for this trend, including greater competition following the liberalization of the economy 

in the early 1990s, rising energy prices starting in the late 1990s, and the promotion of energy 

efficiency schemes since the introduction of the Energy Conservation Act in 2001 (World Bank, 

2013). Nonetheless, various industries are inefficient by either national or international 

standards. Gupta and Ramprasad (2012) find that there is substantial potential for energy saving 

in energy intensive industries, ranging, for example, from 46%-88% for textiles, 43%-94% for 

paper and pulp, to 51%-92% for iron and steel.  

With the background of these baseline estimates and trends, we next use empirical 

decomposition techniques to assess the degree to which the various spatial transformations noted 

above have influenced the aggregate energy consumption of the sector. Following the 

productivity growth decomposition work of Baily et al. (1992), Griliches and Regev (1995), and 

Foster et al. (2001), we decompose the observed changes in the aggregate electricity 

consumption per unit output from 1989 to 2010 and from 2000 to 2010. Decomposing the 

observed trends in aggregate electricity usage from 2000 onwards, we find that most reductions 

in usage came from lower usage in existing sites of activity (defined through state-industry-

urban/rural cells). The second biggest factor for promoting lower usage was the lower usage 

levels among fast-growing sectors. By contrast, spatial movements of manufacturing activity 

across India did not significantly reduce electricity consumption per unit of output and may have 

even increased it. This appears in part due to the split nature of the mobility, with organized and 

unorganized sectors migrating in opposite directions. 

Given multiple challenges in India’s energy sector and limited resources, a better understanding 

of the spatial patterns of energy usage can help in defining a focused and targeted energy policy. 
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For instance, our work suggests that organized sector is moving to rural regions and that most 

organized plants located in rural areas utilize self-generation of electricity at least in part. 

Governments worldwide are focusing on the development of clean cities and efficient urban use.
5
 

For India, our work suggests that effective policy may need to extend beyond urban regions and 

also consider the incentives and regulations that govern self-production of electricity. 

It is important to also clarify from the outset a boundary of this project. We are attempting to 

trace out usage patterns, not establish efficiency levels. Usage is an important component of 

efficiency, and, all else being equal, using less electricity to achieve a given level of output is 

more efficient and positive. But, for many reasons, we should not label every increase in 

electricity cost per unit of output as a bad thing. In a context where electricity supply is often 

incomplete and uncertain, efficiency can involve increased usage levels as it unlocks better 

production techniques (e.g., uses less labor and greater mechanization). Throughout this paper, 

we discuss points about efficiency as we are able, and we hope to continue clarifying these two 

dimensions in future work. 

While our paper is principally about the measurement of energy use within Indian 

manufacturing, we document some comparable figures for land and building usage. This work 

draws heavily on the Duranton et al. (2014) study of misallocation of land in India. India’s policy 

makers are frequently framing their thoughts in terms of which input to industrialization—e.g., 

land, energy, labor—is the biggest bottleneck for India’s advancement. While it is beyond the 

scope of the paper to conclusively answer this question, our comparison of land and energy 

indicates that land and building access is likely the more pressing constraint for India’s 

manufacturing than energy. This is most evident in plots of simple costs shares over time, and it 

holds in more rigorous frameworks too. This is not to downplay the importance of further 

progress in India’s energy sector, where we describe below ample room for improvements to 

world levels. But it does provide greater context for our work and encouragement in the energy 

trends evident, echoing the extensive review conducted by Pargal and Banerjee (2014).
6
 

                                                           
5
 For example, http://www.worldbank.org/en/news/feature/2014/07/03/urban-energy-efficiency-key-to-mexicos-

ambitious-goals-for-energy-and-low-carbon-growth. 
6
 It is also important to emphasize the multi-faceted nature of energy challenges. Roughly 20% of the world’s 

population lack energy access, many of which are in India, and this in turn can have severe health consequences due 

to indoor pollution when using poor cooking materials. This widespread and worrisome energy poverty (e.g., 
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The paper beyond this point is organized as follows: Section II discusses the related literature 

and provides additional background on India’s energy usage. Section III provides a background 

of the data used. Section IV devotes specific and lengthy attention to trends in electricity usage, 

and this discussion spends extra time on the imputation procedures for missing energy values 

that are important for creating time-consistent metrics. These data elements are an important 

output of this work and hopefully have applicability in other contexts. Section V provides our 

analytic work on India’s electricity usage in manufacturing, including the descriptions of the 

sector’s heterogeneity in usage levels and our decomposition exercises. Section VI provides 

comparisons against land and building usage. The final section concludes and discusses 

important areas for future research.  

 

II. The Energy Sector in India 

Access to reliable energy supply is fundamental for economic development (World Bank, 2010). 

India is still home to about 350 million people who lack access to electricity, more than 25% of 

the worldwide total of 1.4 billion people without electricity. Although the current installed 

capacity of India’s power system is the fifth-largest system in the world after China, the United 

States, Japan, and Russia, it is nonetheless insufficient to meet India’s demand. The deficit 

continues to remain around 10% of energy (World Bank, 2013). Electricity consumption in India 

is only around 566 KWh per capita, compared to the world average of 2,782 KWh per capita. 

Electricity shortages are frequent in India and are estimated to cost the country around 7% of 

GDP (World Bank, 2010). Heavy dependence on fossil fuels, low access to modern technology, 

and weak sector institutions and utility governance are crippling the energy sector as well as 

India’s growth.
7
  

                                                                                                                                                                                           
http://www.iea.org/newsroomandevents/news/2011/march/name,19787,en.html) sits alongside inefficient use within 

industrial firms. Improvements in the latter can aid the former household development goals.   
7
 Renewable energy makes up a negligible share (0.36%) of total primary commercial energy supply, while 96.9% 

of such supplies come from fossil fuels and 2.76% from hydro and nuclear resources. The non-commercial 

combustible biomass and wastes which contributes to the extent of 24.5% of the total energy supplies are excluded 

in this balance (Sengupta, 2012). 
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There are problems at all levels of electricity provision in India, ranging from production, 

transmission, and distributional difficulties.
8
 Supply of electricity in India is highly unreliable, 

and outages and voltage fluctuations are frequent (Chakravorty et al., 2013). Since electricity is 

an essential input in production, it is thus natural that about 35% of plants in Indian 

manufacturing insure themselves against outages by self-generating or otherwise substituting 

away from grid electricity (Alcott et al., 2014; World Bank, 2013). The situation is similar in 

other developing countries where unreliable energy supply forces firms to invest in self-

generation capacity at the expense of more productive capital, outsource part of the production 

process, or expand firm size (e.g., Alam, 2013; Alby et al., 2013; Fisher-Vanden et al., 2013; 

Foster and Steinbuks, 2009; Reinikka and Svensson, 2002; Zuberi, 2012). 

Captive generations, in most cases, are based on non-renewable sources such as coal (World 

Bank, 2013; Sengupta, 2012). Furthermore, India’s grid electricity system also remains 68% 

based upon coal, and the addition of renewable generation capacity has only slightly accelerated 

over the past two decades for both grid and off-grid generation.
9
 In 1990, grid-interactive 

renewable energy capacity was 18 MW, a miniscule proportion of the total. In March 2013, it 

was 25,856 MW, growing to 12% of the total. In this context, the World Bank’s International 

Finance Corporation, in collaboration with other agencies, has launched Energy Service 

Companies, or ESCOs, to support smaller businesses throughout India to reduce their energy 

demands and costs. Implementations of such programs are essential to any urban development 

strategy. A major milestone was the Energy Conservation Act of 2011, which mandated building 

codes, standards, and labels for appliances, and the act stipulated industry norms. The results of 

our analysis should help initiate a discussion on the policy for spatial provision of energy-

efficient infrastructure for enhancing the growth in Indian manufacturing. The strategy mainly 

applied so far by the energy sector in India focuses on universal coverage—new, large 

infrastructure investments that will connect every entity to the grid. Our analysis provides 

insights into how to achieve these universal goals and also more focused objectives. 

The impact of electricity shortages and substitution towards self-generation on productivity and 

output growth is quantified in recent studies. For instance, World Bank (2006) investment 

                                                           
8
 Other works that focus specifically on the efficiency of delivering electricity services in India include Ryan (2013), 

Cropper et al. (2011), Chan et al. (2014), and Pargal and Banerjee (2014). 
9
 Also see McKinsey & Company (2009).  
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climate assessment indicated a 7% loss in production or merchandise value due to power outages 

or surges from the public grid.
10

 Alcott et al. (2014) argue that shortages reduce average output 

by about 5%, but because most inputs can be stored during outages, productivity losses are much 

smaller. The result is different for plants without generators, who have much larger losses, and 

because of economies of scale in generator capacity, shortages more severely affect small plants. 

Similarly, Hulten et al. (2006) find that about 50% of productivity growth in Indian 

manufacturing between 1972 and 1992 is attributable to the growth of roads and electric 

generation capacity. Khandker et al. (2012) and Rud (2012a,b) study the impact of rural 

electrification in India. 

The organization of the energy sector also explains many of the problems with the sector. First, 

planning for electricity supply in India is managed centrally by the Planning Commission, but its 

implementation is split across different ministries. Second, subsidies, such as that on agriculture, 

introduce significant inefficiencies in the allocation of electricity.
11

 Third, there have been 

substantial losses in transmission and distribution, rising from 5% in 1997-1998 to 30% in 1999-

2000, vis-à-vis neighboring countries where such losses are close to 10% (Modi, 2005). 

The Electricity Supply Act of 1948 marked the importance of electricity policy in post-

independence India. This act established the Central Electricity Authority (CEA) as an advisory 

body on national power planning, policy making, and monitoring progress, and created state 

electricity boards (SEBs)—state-level vertically-integrated utilities responsible for power 

generation, transmission, and distribution, and for setting most tariffs. India’s power sector has 

seen extreme changes in the last few decades. A slew of policies and regulations followed the 

Electricity Act of 2003 to facilitate an accelerated growth in the sector. The process started with 

the restructuring of power distribution utilities, with some states corporatizing the functional 

entities for power generation, transmission, and distribution. The states of Orissa and Delhi went 

a step further by privatizing the distribution sector. Another important aspect is to provide clean 

and convenient “lifeline” energy, critical for the well-being of deprived. Meeting the energy 

                                                           
10

 Similar results are found in Lall and Mengistae (2005) who use the World Bank’s investment climate survey data 

to argue that power shortages severely hold back productivity of Indian manufacturing firms.  
11

 More generally, fuel subsidies are common in India and amount to around 2% of GDP. While often motivated by 

a desire to help the poor, they can prove otherwise given the majority of fuel consumption by richer households 

(http://blog-imfdirect.imf.org/2013/06/24/for-richer-not-poorer-energy-subsidies-in-india/). 
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challenge is of fundamental importance to India’s economic growth imperatives and its efforts to 

raise its level of human development. Within all of this, policy makers must balance important 

objectives like limiting pollution and environmental degradation with the expansion of energy 

resources to producers and consumers.
12

 

Economic growth often drives energy consumption in many developing countries, but there is 

variation. Within the South Asian region, annual data for Pakistan during the period 1960-2008 

connects growth in output in commercial, manufacturing, and agricultural sectors to increased 

electricity consumption (Jamil and Ahmad, 2010; Asghar, 2008). Similar are the cases of Sri 

Lanka and Bangladesh, where growth has given way to larger electricity consumption and total 

energy consumption (Asghar, 2008). For India, however, Asghar (2008) does not find a causal 

connection between growth and energy consumption at an aggregate level. To the extent that this 

difference from India’s neighbors is confirmed, interpretations remain tricky (e.g., growth of 

consumption could be constrained by a weaker ability to expand supply).   

In general, energy consumption has been critical for paving the way for economic growth and 

especially so for high-income countries (Chontanawat et al., 2006; Borozan, 2013). Recent 

evidence, however, suggests the existence of a unidirectional causality running from electricity 

consumption to economic growth in the case of developing countries like Bangladesh 

(Masuduzzaman, 2013), Brazil (Pao and Fu, 2013) and Cameroon (Fondja Wandji, 2013) . In 

cases where there have been no association or causality from energy consumption to economic 

growth, some observers of the industry attribute it to a lack of efficient planning and increased 

investment in electricity infrastructure development (see Akpan and Akpan, 2012, for the case of 

Nigeria), as highlighted above. In sharp contrast is the case of China, where Zhang and Yang 

(2013) find the existence of a negative bi-directional Granger causality running from aggregated 

energy consumption to real GDP. They propose that this negative relationship might be 

attributed to the growing economy production shifting towards less-energy-intensive sectors and 

excessive energy consumption in relatively unproductive sectors. For the specific case of India, 

the disaggregated causality analysis in Abbas and Choudhury (2013) suggests a bi-directional 

causality between the agricultural electricity consumption and the agricultural GDP in India. 

                                                           
12

 World Bank (2013) provides a detailed timeline of energy policy and major legislation for India. Gillingham et al. 

(2009) provide a comprehensive conceptual background on energy efficiency considerations in policy. 
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Overall, such country-specific results suggest that energy and environmental policies should 

recognize the differences in the energy consumption-growth nexus in order to maintain 

sustainable economic growth in a given country. 

Our study contributes to the literature through its particular focus on the intersection of economic 

geography and electricity usage patterns. Beibei et al. (2010) consider China’s spatial patterns of 

energy production, but this type of work is in general quite rare. Our analyses and 

decompositions provide novel insight on how patterns of regional development impact aggregate 

electricity usage, which is often lost in macro-level tests. Second, by building up from plant-level 

surveys, we provide a foundation for understanding and evaluating the heterogeneity that exists 

below the aggregate figures. These contributions help policy makers consider the energy usage 

consequences of other policies that they may wish to pursue, which is key for avoiding or at least 

mitigating unintended consequences of otherwise well-motivated policy choices. 

  

III. Data Description 

 

Data Sources 

This project draws upon five surveys from two major sources of data: the Annual Survey of 

Industries (ASI) and National Sample Survey Organization (NSSO). ASI is a survey of the 

organized sector undertaken annually by the Central Statistical Organization (CSO), a 

department in the Ministry of Statistics and Program Implementation, Government of India. 

Under the Indian Factory Act of 1948, all establishments employing more than 20 workers 

without using power or 10 employees using power are required to be registered with the Chief 

Inspector of Factories in each state. This register is used as the sampling frame for the ASI. The 

ASI extends to the entire country, except the states of Arunachal Pradesh, Mizoram, and Sikkim 

and Union Territory (UT) of Lakshadweep.  

The sampling design followed in in most ASI surveys is a stratified circular systematic one. All 

factories in the updated frame (universe) are divided into two sectors: Census and Sample. 

Census Sector are comprised of industrial units that belong to the six states/UTs that are less 
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industrially developed: Manipur, Meghalaya, Nagaland, Tripura, Sikkim, and Andaman & 

Nicobar (A&N) Islands. For the rest of the states/UTs, the Census Sector includes (i) units 

having 100 or more workers and (ii) all factories covered under Joint Returns. All other units 

belonging to the strata (state x four-digit industry of the NIC-04 framework) having four or 

fewer units are also considered as Census Sector units. Finally, the remaining units, excluding 

those of Census Sector, called the Sample Sector, are arranged in order of their number of 

workers and samples are then drawn circular systematically considering a sampling fraction of 

20% within each stratum (state x sector x four-digit industry) for all states. An even number of 

units with a minimum of four are selected and evenly distributed in two sub-samples. 

ASI is the principal source of industrial statistics for the formal manufacturing sector in India. It 

provides statistical information to assess changes in the growth, composition, and structure of 

organized manufacturing sector comprising activities related to manufacturing processes, repair 

services, gas and water supply, and cold storage. As noted in Ghani et al. (2012), organized 

manufacturing contributes the substantial majority of India’s manufacturing output, while the 

unorganized sector accounts for the substantial majority of employment for Indian 

manufacturing workers. 

Manufacturing activity undertaken in the informal sector, such as households (own-account 

manufacturing enterprise, OAME) and unregistered workshops, is covered by the NSSO. 

Following the first Economic Census 1977, small establishments and enterprises not employing 

any hired worker (that is, OAME) engaged in manufacturing and repairing activities were 

surveyed on sample basis in the 33
rd

 round of NSSO during 1978-79. Subsequent surveys 

covering OAEs and Non-Directory Manufacturing Establishments (NDME) were conducted in 

the 40
th

 and 45
th

 rounds of NSSO during 1984-85 and 1989-90, respectively. In 1994-95, a first 

integrated survey on unorganized manufacturing and repairing enterprises covering OAMEs, 

NDMEs, and DMEs was undertaken during the 51
st
 round of NSSO. Subsequently, surveys of 

manufacturing enterprises in the unorganized sector were conducted in the 56
th

 (2000-01), 62
nd

 

(2005-06), and 67
th

 (2010-11) rounds.
13

 

                                                           
13

 Thus surveys on unorganized manufacturing enterprises usually covered: (a) manufacturing enterprises not 

registered under Sections 2m(i) and 2m(ii) of the Factories Act,  1948; (b) manufacturing enterprises registered 

under Section 85 of Factories Act, 1948; (c) non-ASI enterprises engaged in cotton ginning, cleaning, and baling 
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As for the sample design in the unorganized sector, a stratified multi-stage design has been 

adopted. The first stage units (FSU) are the census villages in the rural sector and Urban Frame 

Survey (UFS) blocks in the urban sector. The ultimate stage units are enterprises in both sectors. 

In case of large FSUs, one intermediate stage of sampling is the selection of three hamlet-

groups/sub-blocks from each large rural/urban FSU. Two frames were used (as per the 62
nd

 

round survey): List frame and Area frame. List frame was used only for urban sector and that too 

for selection of manufacturing enterprises only. For unorganized manufacturing enterprises, a list 

of about 8000 big non-ASI manufacturing units in the urban sector, prepared on the basis of the 

data of the census of manufacturing enterprises conducted by Development Commissioners of 

Small Scale Industries in 2003, was used as list frame for surveys in 2005-06 and 2010-11. Area 

frame was adopted for both rural and urban sectors. The list of villages as per census 2001 was 

used as the frame for the rural sector, and the latest available list of UFS blocks was used as 

frame in the urban sector. The relevant year’s economic census was used as frame for the towns 

with population 10 lakhs or more (as per Census 2001). 

The survey years from both formal and informal sectors that are included in our study are: 1989-

90, 1994-95, 2000-01, 2005-06, and additionally 2009-10 from the ASI for the formal sector is 

studied while 2010-11 from NSSO for the informal sector is also incorporated. For sake of 

simplicity, we normally refer to the sample year by the starting year—for instance, the sample 

survey in the year 2005-06 is referred to as the 2005 survey. We likewise use 2010 in the tables 

and text to refer to the years 2009-10 for ASI data and years 2010-11 for NSSO data. As 

depicted above, the NSSO data provide the maximum possible coverage in terms of included 

years for the unorganized sector. Our development procedures below will seek to address 

changes in internal organization of surveys as well to the extent they exist. 

 

                                                                                                                                                                                           
(NIC-2004, code 01405); and (d) non-ASI enterprises manufacturing bidi and cigar (those registered under bidi and 

cigar workers (condition of employment) Act, 1966, as well as those un-registered). Some of the surveys (such as 

2010-11) covered trading enterprises and services establishment, but we exclude them for the purposes of our paper. 

Additionally, the NSSO excluded: (a) repairing enterprises not falling under Section ‘D’ of NIC-2004; (b) 

departmental units such as railway workshops, RTC workshops, government mint, sanitary, water supply, gas, 

storage, etc. in line with ASI coverage; (c) units covered under ASI; and (d) public sector units. 
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Information on Energy Consumption 

Both ASI and NSSO provide information on energy consumption by establishment. In the 

organized sector, several sections relate to information on energy consumption. A section on 

“Fuels, electricity and water consumed” in the 1989 and 1994 ASI surveys asks establishments 

to report separately their consumption of (in quantity and value terms) for each of the following: 

coal, lignite, liquefied petroleum gas, coal gas, natural gas, petrol, diesel, furnace oil, other fuel 

oil, firewood including charcoal, biomass, electricity, lubricating oil, and water. In these survey 

years, there is also a separate section in the survey on the quantity of electricity generated, 

purchased, consumed, and sold. Finally, in the output and receipt section, the value of electricity 

sold is also recorded.  

In the year 2000, the ASI survey remained as detailed with respect to registering the 

consumption of various energy sources as the 1989 and 1994 surveys. In fact, items related to 

energy consumption were repeated in the “Input items (indigenous items consumed)” section of 

the survey. In this section, specific questions were asked on the consumption of the following 

energy items: electricity own generated (quantity); electricity purchased and consumed (value 

and quantity); petrol, diesel, oil, and lubricants (value); coal (value and quantity); and other fuels 

(value). In the year 2000 and the following survey years, however, the separate section on the 

quantity of electricity generated, purchased, consumed, and sold was dropped. 

In the following surveys considered for our work, that is, 2005 and 2010, the ASI questionnaire 

is not as disaggregate with respect to the consumption from various sources of energy. The 

section on “Fuels, electricity and water consumed” was dropped and the “Input items 

(indigenous items consumed)” section became the single most important source for an 

establishment’s energy consumption and evaluation. See Appendix Table 1 for the exact wording 

and details of the questions pertaining to energy consumption in the ASI surveys considered for 

our study. 

The NSSO survey of the informal sector is coarser than the survey used in the formal sector. In 

the earlier years, such as 1989, the survey was slightly more disaggregated and respondents were 

asked specific consumption details of coal/coke, lubricants, electricity, and other fuels. However, 

in 1994 and in the following surveys, the establishments are asked to only separately provide the 
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expense on electricity and fuels. There is no question pertaining to the quantity of these energy 

sources consumed and neither is there any further disaggregation on the sources of fuels 

consumed by the establishment. In addition to this, starting from the year 2000, there is binary 

information available for each establishment as to whether non-availability of electricity 

connection and/or power-cuts was one of the problems faced by the establishment during the 

reference year. Finally, in the latest 2010 NSSO survey of informal establishments, there is a 

separate question on the fuel consumed by accommodation and food service activities. Appendix 

Table 2 provides the exact wording and details of questions pertaining to energy consumption in 

NSSO surveys, and Appendix Table 3 contrasts sizes of the sectors by industry. 

The outcome of this data coverage can be summarized as follows. First, there is a consistent path 

to considering electricity usage across years for both unorganized and organized sectors. As 

such, we focus exclusively on this component of energy usage in this report, and we describe 

next the many steps undertaken to bring together the related questions and effectively utilize the 

contained information. In theory, one could also consider fuels in a similar manner over the 

1989-2010 period. Although the collected information is somewhat weaker and there exists more 

variance in the underlying questions, analyses of these data would be a useful exercise for future 

research. Likewise, while not uniformly possible for the full sample period, a separation of prices 

and quantities for electricity could be conducted. Finally, and somewhat unfortunately, the most 

detailed energy data are collected for the period before 2000, and thus the most detailed studies 

would need to rely only on the first half of our sample period. We have chosen a data 

development route focused on electricity to maximize the duration studies and consistency across 

sectors. 

 

Data Preparation and Observation Counts  

After reading the raw data from the surveys, we have 262,911 ASI observations and 955,234 

NSSO observations. For the ASI, we retain only establishments indicating that they are open and 

operational, leaving 216,898 observations in the formal sector. Next, we drop observations for 

establishments outside of the manufacturing sector. Such industries may relate to mining and 

quarrying, fishing and aquaculture, or services sectors as depicted above. This yields 203,031 
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ASI observations and 655,571 NSSO observations. Finally, we drop observations with any of the 

following properties: (a) null, missing, negative, or extremely large values of output, output per 

worker, or employment
14

, (b) NSSO observations from states that are not surveyed by ASI, and 

(c) observations missing state indicators. These drops results in a final sample of 169,814 ASI 

observations and 651,808 NSSO observations. A detailed table of these cleaning procedures and 

sample composition consequences is available from the authors upon request.  

Cutting the observations across rural and urban locations, we present the count of plants in each 

year, sector, and location in Panel A of Table 1. The observation counts are fairly similar over 

surveys for the organized sector, with a dip in 2000. The unorganized sector has significantly 

more data collected in 1994 and 2000 than in other years. Aggregating over all five surveys, 63% 

of our data observations for the organized sector come from urban locations, while 48% of the 

unorganized sector plants studied in our sample come from an urban location.  

In Panel B, we apply sample weights to the plants surveyed by ASI and NSSO surveys. This 

panel reiterates and extends India’s urbanization story noted in Ghani et al. (2012)—over time, 

the organized sector in India is migrating to rural locations with the share of urban plants falling 

from 72% to 62% from 1989 to 2010.
15

 In contrast, the unorganized sector is urbanizing, with 

the share of urban plants increasing from 21% to 42% during the same period. These sample 

weights also identify clear trends in the growth of each sector and demonstrate the much larger 

underlying plant count in the unorganized sector. 

Panel C of Table 1 presents the output by sector and location for each of the years considered in 

our sample. These numbers suggest a compound annual growth rate in output of 5% from 1989-

2010 for plants in the organized sector located in urban regions, vis-à-vis 8% growth rate for 

their rural counterparts. In contrast, in the unorganized sector, we note an average 10% per 

annum growth during 1989-2010 in output in the urban locations relative to 6% growth in rural 

regions. The diverging trends noted in plant counts with respect to urbanization are also present 

in output, with the urban output share for the formal sector declining from 68% to 54% during 

1989 to 2011, while the corresponding figure for the informal sector rises from 46% to 66%. 

                                                           
14

 Maximums thresholds for a plant are US$ 1 billion in output, US$ 1 million in output/worker, and 500,000 

employees. 
15

 Ghani et al. (2012) also describe in greater detail the urban/rural classifications the India employs. 
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These figures also emphasize the earlier point about the organized sector’s disproportionate share 

of output levels. Appendix Table 4 contains complete tabulations in these regards. 

  

IV. Calculations of Electricity Usage Trends 

 

Basic Data Steps Prior to Imputation 

For the formal sector, the electricity consumption of an establishment is calculated as the value 

of the electricity purchased plus the value of electricity generated minus the value of the 

electricity sold. We do not observe the value of the electricity generated in all years, only the 

quantity. Nonetheless we have both the quantity and the value of electricity purchased in all 

survey years. Summing across the value and quantity of electricity purchased for a given year 

and district by reporting plants, we deduce the local price of electricity as: sum of value of 

electricity purchased / sum of quantity of electricity purchased. The value of electricity generated 

is then calculated as: local price x quantity of electricity generated. In cases where electricity 

price cannot be inferred at a district-year level, state-year prices are used. Additionally, for some 

plants, we observe the quantity of electricity purchased but not the value of their expense on 

electricity purchased from outside sources. We use the same average electricity price as deduced 

above to assign the value of electricity expense.  

For the informal sector, the question on electricity expense is directly asked in the survey 

questionnaire. Plants in the unorganized sector are too small to generate their own electricity. 

Thus, naturally, there is no question on the value or quantity of electricity generated or sold. 

After obtaining observation counts noted in Panel A of Table 1, we note that not all 

establishments report a non-zero electricity expense. Panel D of Table 1 reports the observation 

count of plants that report a non-zero electricity expense, and Panel E calculates the percentage 

of reporting plants by sector, location, and year. These panels suggest that 99% of urban 

organized plants and about 95% of rural organized plants report a non-zero value of electricity 

expense. This is, however, not the case in the unorganized sector and especially so in the rural 

areas. In the years 1989 and 1994, about 60% of the informal urban and 23% of informal rural 
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plants reported a non-zero value of electricity expense. Although non-zero reporting among 

plants in the informal sector dramatically increased by the 67
th

 round of NSS survey, the shares 

remained below 75% in rural regions and 90% in urban regions.  

In the case where plants do not report a non-zero electricity expense, it could be true that the 

establishment does not use electricity. However, missing values of electricity expense in our data 

are observationally equivalent to assigned zero values. This creates important challenges for 

calculating consistent trends given that the surveys vary in size across years and the introduced 

or dropped plant observations are unlikely to be random in this process. For example, the 

average energy values for the NSSO data are likely to be biased by the doubling of the rural 

sector sample size in 1989-1994. 

As one approach to learning about this issue, we explored in the ASI and NSSO data the degree 

to which the data strictly adhered to the definitional requirement that the ASI include all plants 

with (a) 10 or more employees if they use electricity and (b) 20 or more employees if they do not 

use electricity. In tabulations available from the authors, we found this definition did not hold 

well, with many deviations evident (e.g., ASI plants with 15 employees that are not reporting 

electricity, NSSO plants with 15 employees that are reporting electricity). The conclusion from 

this exercise was that we could not use a single approach to the zero values or missing values, 

but that we would need to consider several reasonable alternatives to learn if a consistent pattern 

emerged that was robust to these considerations. 

  

Raw Electricity Consumption Rates 

Table 2a presents the raw electricity usage per plant observed in the data. Panel A presents the 

raw averages for reporting plants using sample weights, Panel B imposes a 1% winsorization to 

cap extreme values, and Panel C presents unweighted median values. Panels D and E repeats 

Panels A and B in an unweighted format. We report these last two panels for completeness but 

do not believe their trends are very informative given the sample changes over time and surveys. 

Plants in the organized sector, not surprisingly, consume substantially larger amounts of 

electricity than reporting unorganized sector plants (even among plants with non-zero reported 
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consumption). These differentials in levels are often 500x or greater, although they shrink some 

with median values reflective of the very large consumers in the organized sector.  

More novel, is that the average electricity consumption is larger among formal plants in rural 

regions than in urban regions. This deviation is growing over time and is opposite of the pattern 

observed in the unorganized sector. With one-third of rural India lacking access to electricity, a 

large share of this electricity is self-generated. For instance, 36% of the plants generating 

electricity are located in rural areas and were responsible for 61% of total electricity generated 

by the organized sector in 2010. These basic findings are true independent of the approaches 

taken in Panels A-E. 

 

Assignment or Imputation of Missing Electricity Expense Values 

Given the large presence of missing values in the informal sector and especially in rural 

locations, we are mindful that small plants may not have necessarily have access to electricity. 

Thus, we follow a two-pronged approach for dealing with missing values.  

In the first approach, we assign a value of US $0.1 to all values on electricity consumption that 

are either missing or are below US $0.1. In Table 2b, we repeat the descriptives from Table 2a 

after imposing this minimal value of electricity consumption. As would be expected, the 

averages in both the sectors are lower relative to that in Table 2a. This is especially true for 

plants in the unorganized sector located in rural areas. Nevertheless, the basic patterns 

highlighted previously are still evident. 

A second, and perhaps more formal, approach for addressing missing values is to impute the 

expected consumption based upon the observed consumption of reporting plants and the 

similarities of underlying traits in plants that do not report electricity consumption. To do this, 

we use the following regression methodology:  

(i) We regress reported electricity expense on the following plant traits: a dummy 

variable for the plant being in an urban location; total plant output and its squared 

value; total plant employees and its squared value; months of operation; and a dummy 
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variable for the plant being less than four years old. The variables predict plant usage 

based upon plant activity itself. As local conditions may also be important, we model 

district level traits: median manufacturing wage (weighted by employment); percent 

of plants in a district that are located in urban sites; population density; percent of 

villages in a district with telecom, power supply, paved roads, and safe water access 

(separate variables); distance of the district centroid to the closest of the largest three 

cities of India; percent of households with telecom; percent of villages with electricity 

available for agricultural use; percent of villages with electricity available for 

domestic use; and percent of households with electricity access in a district. These 

traits correspond to the year 2000, which is the mid-point of our sample. Most of 

these variables are taken from the 2001 Census survey, except for the median wage 

and urban plant shares that are constructed directly from the ASI and NSSO surveys. 

(ii) The imputation regression is run separately for each “cell” composed of sector 

(informal vs. formal), year (1989, 1994, 2000, 2005, 2010), industry (two-digit NIC 

codes, 15-36), and states (30 different states). Due to the localized nature of the 

regressions, the reported results use unweighted imputation regressions, and we have 

separately confirmed alternative approaches using sample weights for regressions. 

(iii) Missing or zero-valued electricity expenses are replaced with the predicted values 

based upon their traits and the appropriate regression coefficients for their given 

sector, industry, year and state. However, in some cases, only a few establishments 

are sampled in a given cell, due to both small local representation and/or sampling 

procedures noted above. If the reporting number of establishments for a given cell is 

below 20 in any year, we instead run the imputation procedure at the national level 

using sector, industry, and year data. This alternative calculation is applied in every 

year for a given cell to ensure a consistent approach, even if the establishment count 

described above is only below 20 reporting plants for one or two survey years. 

(iv) Since predicted values can be negative, we note the occurrence of negative values in 

predicted electricity expense. We replace any value of electricity expense below US 

$0.1, either in predicted or in raw data, by US $0.1. 

 



22 

 

Table 3 provides an illustration of the imputation regression. In this version, we simply run a 

regression of reported raw electricity expense by plant on the set of covariates included in our 

imputation analysis. Instead of doing this cell by cell, we aggregate the data for illustration and 

include year, industry, state, and sector fixed effects. (We later show values from these fixed 

effects when describing state and industry heterogeneity.) In this format, we generally prefer the 

weighted estimations given the combination of observations over many different sectors and 

years, but Column 2 shows similar patterns when using sample weights in the imputation 

regression.  

Table 3 shows that plants in rural areas, those with larger output levels, those more distant from 

nearest big city, and those operating a greater number of months in the year consume higher 

levels of electricity. Plant output is by far the strongest predictor, with every US $100 of increase 

in output corresponding to US $5 increase in electricity usage. Perhaps more surprising, younger 

plants show greater usage conditional on output levels. This may reflect that newer plants have 

been equipped to use more electricity than older plants in their production processes or that 

younger plants are using newer technologies that require higher electricity usage. But, we cannot 

rule out alternative explanations (e.g., the plant is charging a lower price for its output as it builds 

customer demand, which artificially raises the consumption ratio from true technical 

efficiency).
16

 Interestingly, the reported plant level traits dominate predicted energy usage, with 

all local covariates being not statistically associated with usage levels in multivariate analysis. 

Plants showing the above traits are more likely assigned a positive and high value of electricity 

expense if the value is found to be missing. 

From an economic geography perspective, three outcomes embedded in these regressions are 

important to highlight. First, plants in urban areas generally use less electricity conditional on the 

many covariates modeled. Second, greater distance from larger cities is generally associated with 

higher electricity usage per output level. Third, the coefficient on population density is not 

predictive, suggesting in part that intermediate cities may not be behaving differently with 

respect to energy usage once urbanization and spatial positioning are accounted for. 

                                                           
16

 Anecdotally, many informal businesses use older and second-hand machinery that can be energy intensive for its 

level of output. Our data do not allow direct assessment of capital vintages. 
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Table 4 repeats the statistics outlined in Table 2a after we use the imputation steps. The 

difference between these statistics and those presented in Tables 2a is minimal for the organized 

sector, given that a large proportion of plants in the formal sector already report a non-zero 

electricity expense. Even in the unorganized sector, where reporting a non-zero electricity 

expense is uncommon in rural regions, the differences in averages are modest, ranging from as 

low as -1.6% (indicating lower average consumption value post-imputation) to -31%. These 

modest deviations are in contrast to the first approach where we applied a floor of US $0.1 to all 

missing or lower than US $0.1 values on electricity expense. The imputation approach scales the 

reported values to match the traits for non-reporting plants, and thus its impact on the statistics is 

substantially smaller than inferring zeros for missing values. 

 

Basic Trends in Electricity Usage Levels 

Table 5a presents the total electricity consumption by plants using the four alternatives now 

possible for our data: (a) no imputation, no winsorization in Panel A; (b) no imputation, 

winsorization in Panel B; (c) imputation, no winsorization in Panel C; and (d) imputation, 

winsorization in Panel D. In all these panels, it is evident that the electricity consumption among 

plants in the organized sector located in rural areas has overtaken the usage in its rural 

counterparts, while the opposite is true in the informal sector.  

Table 5b and Figures 1a and 1b present the trends in electricity consumption per unit of output 

by sector and rural and urban locations. We present separate trends for each alternative. 

Electricity consumption per unit output in the organized urban plants has declined from over 5% 

to below 3% during 1989-2010, when considering base or imputed data. In the rural areas, 

electricity consumption per unit output peaked in 2000 and thereafter it declined. By contrast, the 

unorganized plants in urban areas show a linear declining trend in electricity usage since 1989, 

while their rural counterparts show a declining trend only if we consider the data with 

imputations. In all the sectors and locations, the trend from base and imputed values go hand in 

hand, except in the informal sector plants located in rural regions, where a large percentage of 

plants do not report electricity expense.  
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V. Analysis of Electricity Usage Patterns 

 

State and Industry Heterogeneity 

Table 6a presents the trends in electricity consumption per unit of output by states. Of the 28 

states considered in our sample, the usage of electricity per unit output is remarkably high in 

some states throughout the five surveys (e.g., Madhya Pradesh, Orissa). In some of the years, the 

consumption per unit output is in double digits and often twice the national average ratio. By 

contrast, in states like Delhi and Haryana, electricity consumption per unit of output remains 

consistently below the national average ratio. Table 6b provides the underlying count of plants 

by state for reference. The table then documents the fixed effects from the weighted imputation 

regression in Column 1 of Table 3.  

Figure 2a displays the underlying district heterogeneity in average consumption values.
17

 The 

regional differences from Table 6a are reflected at the district level, with regional patterns being 

especially prominent in the unorganized sector (the bottom two panels). In the organized sector, 

the local heterogeneity within states is as large as the heterogeneity across states in the top two 

panels. More formally, state-level differences account for 5%-6% and 22%-56% of the district-

level variations in average usage levels for the organized and unorganized sectors in Figure 2a, 

respectively. Figure 2b shows similar patterns when displaying changes in electricity 

consumption levels. State-level differences account for 2% and 9%-15% of the change variations 

for the organized and unorganized sectors in Figure 2b, respectively. 

Figure 3 shows that long-term usage levels are linked to state development. The horizontal axis 

in all four panels is state GDP per capita in 2000-01 (constant prices, 1999-2000 series in 

Rupees). The vertical axis in Panels A and B is average electricity usage divided by output 

levels. Panel A provides values without winsorization and imputation, while Panel B imposes 

both. Exact values for each data point are included in Tables 6a and 6b. With either data 

                                                           
17

 Figures 2a and 2b are currently suppressed due to legal issues within the World Bank regarding borders. 
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approach, there is a clear negative relationship, with electricity consumption per unit of output 

being lower in leading states. 

The first two panels do not control for any differences across states in terms of their industrial 

base, the level of informality among manufacturers, the traits of plants, or similar. Panels C and 

D consider the relationships after these differences are removed. In Panel C, the vertical axis is 

the state fixed effect value, measured relative to Andaman and Nicobar (A&N) Islands, from the 

imputation regression using sample weights utilized. This pattern again finds lower conditional 

electricity usage in leading states. For completeness, Panel D shows the pattern that excludes 

sample weights from the imputation exercise. We do not observe the relationship here and the 

slope is positive, although we again note that we are skeptical of the illustrative imputation 

regression that does not include weights. 

With either of the techniques shown in Table 6a, there has been a substantial convergence across 

states in terms of electricity usage per unit of output. As one calculation, the correlation between 

state-level changes in consumption from 1989 to 2010 and the initial consumption levels of 

states in 1989 is -0.65 when using the data without winsorization and imputation. The correlation 

is -0.54 when using winsorized and imputed data. Similar correlations are observed when 

looking at the declines from 1989-1994 to 2005-2010 to remove aberrant values. The variance in 

the underlying distributions has likewise declined about 50% during the sample period. Initial 

differences across states in electricity consumption per output unit are rapidly declining. 

To summarize, we observe substantial heterogeneity across states in terms of electricity usage. 

Usage levels are consistently lower in leading states, and over time convergence in usage levels 

appears to be happening for India. We must stress that one should be very cautious in the 

interpretation of these patterns. For example, observation of higher electricity consumption per 

output unit for a given state may indicate inefficient usage. However, it could also indicate 

greater available supply of energy in the local area or the sorting of plants that need electricity to 

places where the electricity can be readily provided. Our analyses (especially the conditional 

regressions) tend to suggest that the latter scenarios are not very likely, but we do not make 

definitive statements in this regard. 
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Tables 7a and 7b repeat this set-up for industry heterogeneity. Of the 21 industries at the two-

digit NIC level, textiles, paper and paper products, basic metals, and non-metallic mineral 

products display the largest consumption per unit output. At the other end of the spectrum are 

tobacco products and office, accounting and computing machinery, which have low usage of 

electricity per unit output. 

Differences in usage levels partly reflect the nature of industrial production processes and chosen 

scale that makes some industries generally more electricity intensive than others. With respect to 

scale however, Figure 4 shows that the usage levels are not closely linked to the degree to which 

the output level of the industry is concentrated in the formal sector. Also, we generally observe 

again a convergence over time in usage levels across industries. In fact, the convergence 

correlations at the industry level are as high as they are at the state level (-0.78, -0.57). This is as 

much through growth in consumption levels for some industries (e.g., office, accounting and 

computing machinery) than declines in other industries (e.g., textiles). 

Tables 7c and 7d present industry-level differences in electricity usage for establishments in 

urban and rural areas. Establishments in rural areas generally consume more electricity per unit 

of output, but there is substantial heterogeneity across industries. Most important, the heaviest-

using industries (e.g., basic metals, paper and paper products) tend to have the largest deviations 

between rural and urban usage rates. If one forms an industry-level ratio of rural-to-urban usage 

levels, such that higher values indicate relatively larger rural usage, the correlation to average 

electricity consumption levels in the industry is about 0.5. This pattern would align with 

anecdotes of larger plants moving to rural areas, building their own generation facilities, and 

potentially taking advantage of weaker regulations regarding production and pollution. 

 

Decompositions of Electricity Usage Trends 

Following the productivity growth decomposition work of Baily et al. (1992), Griliches and 

Regev (1995), and Foster et al. (2001), we decompose the observed changes in the aggregate 

electricity usage per unit output in Table 8. This table focuses on the changes from 2000 to 2010, 
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which fall after some of the data challenges for 1989 and 1994 evident in Figures 1a and 1b and 

discussed above. Appendix Table 5 provides calculations for the full sample period. 

We undertake these calculations with a cell defined to be state-industry-urban/rural area. 

Conceptually, these techniques then decompose the national change in electricity usage per unit 

of output into three terms. The first is the “within” changes in electricity usage per unit output for 

cells, with cells weighted by initial output shares for the Indian economy. Positive values 

indicate that cells tended to have increasing electricity usage per unit of output when weighted 

by initial output.  

The second term is the “between” changes across cells in activity. The between component 

represents changes in shares across cells interacted with the initial deviation of cells from the 

national electricity usage ratio. Positive values indicate that output tended to be reallocated 

towards cells that had higher initial electricity usage ratios. Given our construction of cells along 

state-industry-urban/rural lines, this term captures multiple movements—migrations between 

urban and rural areas, spatial movements of manufacturing across states, and changes in industry 

mix. By its design, however, the decomposition does not include migration over districts within 

states if these migrations retain the same industry and urban/rural composition. 

The “covariance” component is the third term. Positive values for this term indicate that fast-

growing cells also experienced rising electricity consumption shares. Fast-growing cells in this 

context represent urban and rural parts of state-industry pairs that have shown particularly strong 

growth in output. This term is only separately calculated in the Bailey et al. (1992) approach, 

while it is subsumed into the first two terms in the Griliches and Regev (1995) approach. As a 

consequence, the former technique is our preferred decomposition. 

The three components by definition sum to the total change in consumption share for India, with 

some minor deviations due to panel composition changes. Panel A presents the aggregate share 

change using a balanced panel of state-industry-urban/rural areas employed in the 

decomposition. Column headers indicate the sector and metric considered. Electricity usage per 

output unit decreased between 2000 and 2010, for India as a whole and within each sector. These 

trends are found whether we consider the data with or without imputation and winsorization. 
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In the decompositions of these changes, we find that most reductions in usage came from lower 

usage in existing state-industry-urban/rural cells. The second biggest factor for promoting lower 

usage was the lower usage levels among fast-growing sectors. By contrast, spatial movements of 

manufacturing activity across India did not significantly reduce electricity consumption per unit 

of output and may have even increased it.  

While we cannot perfectly dissect all of the components aggregated into the between effect, the 

separation of the organized and unorganized sectors in Table 8 appears to suggest that the split 

nature of manufacturing mobility—with the organized and unorganized sectors moving in 

opposite directions with respect to urbanization—diminished the energy usage reductions from 

what might have otherwise occurred. When separated, the within component of both sectors is a 

stronger force for reductions in electricity consumption while the between effect acts to increase 

usage levels. Combining sectors washes out some of these within effects. Patterns of migration 

for sectors across states and industries also play a role.
18

 

 

VI. Comparison of Energy Usage Trends to Land and Building Usage Trends 

This study develops trends in energy usage by Indian manufacturers and spatial dynamics. 

Especially given the focus by Indian policy makers on the comparative importance of different 

factors of production and their relative scarcities—frequently phrased along the lines of whether 

“it is land, labor, or energy that is holding India back” —it is useful to quickly compare energy 

usage to land and building usage. This comparison principally highlights how land and building 

access appears to be the larger constraint for India than energy access. As noted in the 

introduction, this is not to say that India cannot make substantial improvements upon its current 

energy position—these steps are necessary and important. But it is important to set energy’s 

trends, and their encouraging aspects and progress made (e.g., Pargal and Banerjee 2014), in the 

broader context of India’s challenges.   

                                                           
18

 Metcalf (2008) undertakes a related decomposition linked to energy prices. We hope to undertake a similar 

analysis when separately-sourced price information can be established. This separation, in combination with panel 

data (e.g., Prowess), can help further identify whether changes in energy intensity are driven by entry and exit of 

efficient / inefficient firms or by efficiency improvements of existing firms. 
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In parallel work, Duranton et al. (2014) undertake an extensive preparation and analysis of land 

and building usage by Indian manufacturers. We do not repeat here all of the details of that 

study. We have replicated all of the tables and figures conducted in this present energy project 

for land and building usage. We highlight here some key features of this work to provide a 

comparison point for the energy trends. The complete empirical appendix is available from the 

authors upon request.
19

 

Appendix Figures 1a and 1b show that land and building costs per unit of output are rising for all 

sectors of Indian manufacturing, especially at the end of the 1989-2010 sample period. This trend 

is in sharp contrast to the broad-based declines in energy usage per unit of output documented in 

Figures 1a and 1b. Moreover, the differences in magnitude for the cost parameters is striking. 

Land and building usage per output unit for the organized sector is 2-3 times larger than 

electricity usage per output level; for the informal sector, land and building usage tends to be 5-

10 times larger than electricity usage. As the denominator is the same in both cases, this directly 

descends from greater raw expenditures. These levels and trend differences are important 

evidence that land and buildings are the more important constraint for Indian manufacturing 

compared to energy.
20

 

Interestingly, while the trends are in opposite directions, changes in energy and land usage 

patterns are both centrally due to within-cell phenomena, rather than broader spatial adjustments. 

Appendix Table 6 shows that most of the increases in land and building usage intensity since 

2000 are happening due to changes within districts, rather than adjustments across districts. Said 

differently, the trends and decompositions stress that the growing land and building constraints 

are not due to an exacerbated spatial dynamic like the organized sector’s migration to rural areas 

                                                           
19

 Our comparisons focus on the trends in the data and decomposition exercises. We do not report formal 

econometric comparisons for a technical reason. The Duranton et al. (2014) data development process uses the 

Sivadasan (2009) version of Levinsohn and Petrin (2003) to derive the most econometrically-sound productivity 

estimates of plants. This approach however limits our ability to subsequently compare misallocation of energy vs. 

misallocation land and buildings given the use of energy in the production function estimation by procedures like 

Levinsohn and Petrin (2003). We provide some suggestive evidence through the comparisons of trends. 
20

 A close comparison of the figures would note that the imputation for land and buildings raises the average values 

of the series, whereas the energy impact was more muted and in some cases even lowered average values. The origin 

of this difference is straightforward. Many building and land rentals occur in urban areas that are expensive. Thus, 

when bringing these establishments into the sample, higher implied land and building values are established, as 

further described in Duranton et al. (2014). By contrast, much of the missing energy data are for smaller 

establishments with more marginal inputs. Thus, our imputation procedure needs in this case to fill in smaller values 

that are missing, effectively lowering average values. 
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and the opposite trend for the unorganized sector. Instead, the primary issues are found in local 

areas.
21

 This decomposition provides an important background setting for the Duranton et al. 

(2014) study of district-level determinants and consequences of land and building 

misallocation.
22

  

To summarize, to the extent that one can compare the two using the frameworks of this study and 

Duranton et al. (2014), land and building access appears the more critical constraint for Indian 

manufacturers, a topic further elaborated upon in Duranton et al. (2014). This gap is present in 

raw levels and appears to be worsening with time. Similar to energy movements, the land and 

building challenges are principally occurring within local areas rather than through spatial 

dynamics across the country as a whole. This rank ordering does not provide an excuse for 

delaying further improvements with respect to energy access and efficiency, but it does provide 

some praise for the progress made and baseline for policy priorities. 

 

VII. Conclusions 

This paper has investigated a number of aspects about the levels and trends of electricity usage in 

Indian manufacturing. India’s manufacturing sector has undergone many spatial adjustments 

since 1989, and our work measures their impact for electricity consumption. On the whole, we 

can conclude that the spatial dynamics have not reduced India’s electricity consumption per unit 

of output. If anything, these dynamics have increased usage levels, and this is partly due to 

countervailing movements between the organized and unorganized sectors. Most of the 

aggregate declines in consumption levels have instead come from reductions within sites of 

existing activity. There has also been substantial convergence in usage levels for states and 
                                                           
21

 It is noteworthy that the two key trends of spatial movement noted—the organized sector’s movement towards 

rural areas, the unorganized sector’s movement towards urban areas—are not do some obvious “deal” in terms of 

land and buildings. In both cases, the migration is towards places with at least as high cost shares as the places from 

which the migration is occurring, and the cost shares at the destination points are rising. 
22

 In terms of the other analyses undertaken in this paper, plant-level traits explain 54%-76% of the variation in land 

and building usage, which is an order of magnitude higher than what one can explain in terms of energy usage. Land 

and building consumption shares do not link to the economic development of states in that way that we observe for 

electricity consumption, but we do observe similar (in fact, stronger) convergence across locations with time. 

Industries do not display convergence respect to land and building consumption. There is no clear correlation 

between industry-level difference in rural-urban ratios and how important land and buildings are to industries. This 

contrasts with electricity, where the heaviest-using industries (e.g., basic metals, paper and paper products) tend to 

have the largest deviations between rural and urban usage rates.   
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industries. Reallocation of activity across sites has not sped up these declines and may have 

slowed them. 

There are several important directions to take this work. Most essential, and the subject of 

current research, is to understand further how energy constraints within India compare to 

constraints faced by manufacturers on other dimensions like land and labor access. We began 

this work in the present study and will extend it to further understand joint efficiency issues. For 

example, if migration of the organized sector to rural areas is mainly prompted by better land 

access and results in major efficiency gains, then the slower declines in energy usage may be part 

of a healthy gain in spatial allocative efficiency. On the other hand, absent such benefits, higher 

usage rates may not be desirable. Likewise, if the unorganized sector in rural areas is precluded 

from energy access but can become more productive with it, then the movement to urban areas 

by informal manufacturing may have gains that exceed costs.  

Important in all of this is defining better the extent to which energy conditions and electricity 

access impact some firms more than others. Not only do firms pay higher prices for power in 

India than elsewhere in the world, they also face much greater uncertainty of supply. Where 

these local constraints have their greatest bite is important to define and not obvious ex ante. As 

one example, it would be important to clarify the conditions under which self-generation of 

power can mostly overcome these challenges and when it cannot. It might be, for example, that 

medium-sized plants have the most difficult time given that their modest plant scale does not 

justify extensive investments in self-provision capacity but their higher levels of operation make 

them more vulnerable to uncertainty than smaller plants. In this sense, access to power may even 

be a barrier to scaling businesses in India, limiting allocative efficiency (e.g., Hsieh and Klenow, 

2009). On the other hand, some parts of the country are serviced by larger providers of back-up 

power that would allow broader access through secondary markets.  

Second, there is an obvious linkage of this work to evaluation of India’s pollution levels, about 

which we have been silent in our study. To the extent that electricity production standards and 

pollution emissions are homogeneous across India, then our results (positive and negative) can 

be mostly translated into associated pollution outcomes. However, there are many reasons to 

believe the creation of energy has different pollution emissions across India, especially the self-
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generation of electric power. We hope to develop data about these pollution properties to say 

more about how these spatial dynamics connect to pollution outcomes. This would provide better 

insights into whether a trade-off exists between productivity gains for individual firms from self-

production of power and greater pollution as a result. This would be informative for regulatory 

purposes and the design of possible carbon pricing schemes. 

Finally, we hope in future work to connect this study to specific projects like the Golden 

Quadrangle upgrades that we have studied elsewhere. Our analysis in this paper includes some 

mobility due to government-led projects like the national highway upgrades. The analysis also 

includes many movements made by the private sector without any particular government 

stimulus. Providing greater insight into these components will be useful. The former analysis in 

particular would also be beneficial for predicting the energy usage impact of other infrastructure 

projects. It would also be interesting to study the potential relationship between infrastructure 

development and the movement of heavy-use industries towards areas with electricity subsidies, 

which are quite common across India.     
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A.  Estimates without winsorization and imputation C.  Estimates without winsorization and with imputation

B.  Estimates with winsorization and without imputation D.  Estimates with winsorization and imputation

Figure 1a: Estimated total electricity usage per output unit for manufacturing plants

Notes: See Table 5b. The vertical axis in all panels is the value of electricity usage divided by output.
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A.  Organized sector, urban areas C.  Unorganized sector, urban areas

B.  Organized sector, rural areas D.  Unorganized sector, rural areas

Figure 1b: Estimated total electricity usage per output unit for manufacturing plants

Notes: See Table 5b. The vertical axis in all panels is the value of electricity usage divided by output.
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A.  Estimates without winsorization and imputation C.  State fixed effect from imputation analysis, weighted

B.  Estimates with winsorization and imputation D.  State fixed effect from imputation analysis, unweighted

Figure 3: Estimated state-level electricity usage per output unit for manufacturing plants

Notes: See Table 6a. The horizontal axis in all panels is state GDP per capita in 2000-01 (constant prices, 1999-2000 series in Rupees). The vertical axis in Panels A and B is 

average electricity usage divided by output levels. Panel A provides values without winsorization and imputation, while Panel B imposes both. In Panel C, the vertical axis is 

the state fixed effect value, measured relative to A&N Islands, from the imputation regression using sample weights. Panel D excludes sample weights from the imputation 

exercise. 
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A.  Estimates without winsorization and imputation C.  Industry fixed effect from imputation analysis, unweighted

B.  Estimates with winsorization and imputation D.  Industry fixed effect from imputation analysis, weighted

Figure 4: Estimated industry-level electricity usage per output unit for manufacturing plants

Notes: See Table 7a. The horizontal axis in all panels is share of output in the sector produced by organized sector plants. The vertical axis in Panels A and B is average 

electricity usage divided by output levels. Panel A provides values without winsorization and imputation, while Panel B imposes both. In Panel C, the vertical axis is the state 

fixed effect value, measured relative to food products and beverages, from the imputation regression using sample weights. Panel D excludes sample weights from the 

imputation exercise. 
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1989 1994 2000 2005 2010

A.  Raw count of data observations after basic pruning

Organized sector, urban areas 22,899 29,024 15,296 20,379 19,323

Organized sector, rural areas 10,457 13,625 10,275 14,722 13,754

Unorganized sector, urban areas 40,584 53,262 131,652 40,062 49,818

Unorganized sector, rural areas 53,846 102,081 87,116 41,012 52,375

Total 127,786 197,992 244,339 116,175 135,270

B.  Estimated number of plants in India using sample weights from Panel A

Organized sector, urban areas 54,675 64,921 62,835 63,044 72,750

Organized sector, rural areas 20,767 28,114 36,266 41,537 45,400

Unorganized sector, urban areas 2,823,783 2,967,126 5,048,512 4,901,061 7,396,214

Unorganized sector, rural areas 10,451,079 9,059,888 11,830,554 11,932,791 10,283,594

Total 13,350,303 12,120,050 16,978,167 16,938,433 17,797,958

C.  Estimated aggregate output in India using sample weights from Panel A

Organized sector, urban areas 2.0E+11 2.5E+11 2.8E+11 3.7E+11 5.8E+11

Organized sector, rural areas 9.2E+10 1.4E+11 2.2E+11 3.3E+11 4.9E+11

Unorganized sector, urban areas 2.1E+10 4.7E+10 9.7E+10 1.1E+11 1.6E+11

Unorganized sector, rural areas 2.4E+10 2.8E+10 5.1E+10 5.7E+10 8.1E+10

Total 3.3E+11 4.6E+11 6.5E+11 8.7E+11 1.3E+12

D.  Raw count of data observations from Panel A that report electricity

Organized sector, urban areas 22,617 28,761 15,173 20,195 19,185

Organized sector, rural areas 9,873 13,148 9,852 13,937 13,073

Unorganized sector, urban areas 22,941 31,968 96,467 30,436 43,747

Unorganized sector, rural areas 12,480 23,040 35,595 20,046 37,028

Total 67,911 96,917 157,087 84,614 113,033

E.  Share of data observations from Panel A that report electricity

Organized sector, urban areas 99% 99% 99% 99% 99%

Organized sector, rural areas 94% 96% 96% 95% 95%

Unorganized sector, urban areas 57% 60% 73% 76% 88%

Unorganized sector, rural areas 23% 23% 41% 49% 71%

Total 53% 49% 64% 73% 84%

Table 1: Electricity data for Indian manufacturing plants

Notes: Descriptive statistics taken from Annual Survey of Industries (ASI) and National Sample Statistics (NSS).



1989 1994 2000 2005 2010

A.  Average electricity consumption for reporting plants using sample weights

Organized sector, urban areas 192,110 180,071 247,166 236,602 276,676

Organized sector, rural areas 198,843 316,658 461,587 519,301 501,730

Unorganized sector, urban areas 414 685 701 684 574

Unorganized sector, rural areas 285 477 355 334 270

B.  Average electricity consumption for reporting plants using sample weights and 1% winsorization

Organized sector, urban areas 80,339 114,212 186,437 184,534 220,294

Organized sector, rural areas 127,179 193,544 333,154 327,287 389,255

Unorganized sector, urban areas 333 575 567 663 466

Unorganized sector, rural areas 282 452 263 292 210

C.  Median electricity consumption for reporting plants in unweighted format

Organized sector, urban areas 8,319 13,163 33,204 33,442 47,254

Organized sector, rural areas 13,549 24,774 70,408 57,742 82,260

Unorganized sector, urban areas 112 136 150 164 164

Unorganized sector, rural areas 59 53 55 98 93

D.  Average electricity consumption for reporting plants in unweighted format

Organized sector, urban areas 417,076 356,117 779,645 555,408 742,208

Organized sector, rural areas 361,452 531,426 1,280,884 1,192,100 1,218,314

Unorganized sector, urban areas 457 685 1,062 2,834 644

Unorganized sector, rural areas 358 585 724 2,415 757

E.  Average electricity consumption for reporting plants in unweighted format and 1% winsorization

Organized sector, urban areas 162,592 209,434 532,343 397,992 532,135

Organized sector, rural areas 219,077 320,881 827,685 652,153 851,613

Unorganized sector, urban areas 397 600 833 1,986 521

Unorganized sector, rural areas 333 465 540 1,643 453

Table 2a: Electricity usage per plant in raw data formats

Notes: See Table 1.



1989 1994 2000 2005 2010

A.  Average electricity consumption using sample weights

Organized sector, urban areas 190,100 178,416 244,971 236,704 277,094

Organized sector, rural areas 187,948 296,163 443,618 495,324 486,794

Unorganized sector, urban areas 206 407 493 493 497

Unorganized sector, rural areas 36 65 98 108 161

B.  Average electricity consumption using sample weights and 1% winsorization

Organized sector, urban areas 78,643 112,992 184,070 182,045 217,753

Organized sector, rural areas 118,999 180,697 318,256 307,386 363,931

Unorganized sector, urban areas 148 306 373 470 385

Unorganized sector, rural areas 35 59 71 92 121

C.  Median electricity consumption in unweighted format

Organized sector, urban areas 8,063 12,909 32,578 32,681 46,195

Organized sector, rural areas 11,387 22,034 59,632 47,351 67,797

Unorganized sector, urban areas 14 17 61 82 129

Unorganized sector, rural areas 0.1 0.1 0.1 0.1 41

D. Average electricity consumption in unweighted format

Organized sector, urban areas 412,254 352,914 773,453 557,555 746,551

Organized sector, rural areas 341,302 513,076 1,232,195 1,144,368 1,209,129

Unorganized sector, urban areas 258 411 778 2,153 564

Unorganized sector, rural areas 83 132 296 1,180 534

E.  Average electricity consumption in unweighted format and 1% winsorization

Organized sector, urban areas 158,734 207,180 525,491 392,306 525,572

Organized sector, rural areas 204,500 309,166 789,728 614,119 804,237

Unorganized sector, urban areas 207 324 568 1,347 440

Unorganized sector, rural areas 74 95 205 717 301

Table 2b: Table 2a with minimum electricity amounts for non-reporting plants

Notes: See Table 2a. Plants with missing, zero, or miniscule reported values are assigned an electricity consumption value of US$0.1.



Reported electricity 

expense, weighted 

estimation

Reported electricity 

expense, unweighted 

estimation

(1) (2)

(0,1) plant in urban area indicator -1238.8++ -3.84e+04

(485.9) (2.50e+0.4)

Plant output level 0.050+++ 0.055+++

(0.006) (0.007)

Plant employment level 332.6 300.8

(573.8) (587.0)

Population density 0.041 3.526

(0.166) (6.922)

Distance from closest of India's three largest cities 861.6++ 1.89e+04

(349.1) (1.41e+04)

Months of operation 258.4+++ 5197.8++

(93.3) (2468.1)

(0,1) young plant indicator 1606.7++ 4.04e+04

(718.1) (4.63e+04)

Additional covariates Yes Yes

Sector fixed effects Yes Yes

Industry fixed effects Yes Yes

State fixed effects Yes Yes

Year fixed effects Yes Yes

Observations 517,950 517,950 

Adjusted R-squared 0.056 0.056

Table 3: Illustrative imputation procedure

Notes: Estimations illustrate imputation procedure at aggregate level.  Unreported plant-level covariates include squared values of 

output and employment levels. Unreported district-level covariates include median manufacturing wage, share of plants located in 

urban areas, local infrastructure indicators, share of households with telecom access, share of households with electricity access, 

share of villages with electricity for agriculture use, and share of villages with electricity for household use. These additional 

covariates are not statistically significant determinants of electricity usage level conditional on the reported covariates.  Fixed 

effects are included for sector (organized/unorganized), two-digit NIC industry, state, and year.  In the true imputation, separate 

regressions are run with these covariates for each sector-industry-state-year cell.



1989 1994 2000 2005 2010

A.  Average electricity consumption using sample weights

Organized sector, urban areas 190,497 178,923 245,920 237,285 279,052

Organized sector, rural areas 190,703 297,549 447,478 500,482 494,012

Unorganized sector, urban areas 285 521 602 582 528

Unorganized sector, rural areas 346 430 257 322 250

B.  Average electricity consumption using sample weights and 1% winsorization

Organized sector, urban areas 79,040 113,499 185,018 182,626 219,711

Organized sector, rural areas 121,754 182,083 322,116 312,544 371,149

Unorganized sector, urban areas 231 459 475 546 422

Unorganized sector, rural areas 299 400 217 306 207

C.  Median electricity consumption in unweighted format

Organized sector, urban areas 8,219 13,074 32,995 33,046 47,031

Organized sector, rural areas 12,990 24,120 64,634 51,130 77,663

Unorganized sector, urban areas 79 85 124 131 153

Unorganized sector, rural areas 53 43 44 78 86

D.  Average electricity consumption in unweighted format

Organized sector, urban areas 412,808 353,380 774,968 558,547 749,005

Organized sector, rural areas 344,101 514,616 1,236,136 1,149,311 1,215,930

Unorganized sector, urban areas 342 501 867 2,285 598

Unorganized sector, rural areas 247 501 501 1,438 644

E.  Average electricity consumption in unweighted format and 1% winsorization

Organized sector, urban areas 159,287 207,646 527,006 393,298 528,026

Organized sector, rural areas 207,299 310,706 793,669 619,062 811,038

Unorganized sector, urban areas 293 454 658 1,450 480

Unorganized sector, rural areas 229 431 348 980 401

Table 4: Electricity usage per plant after imputation

Notes: See Tables 1-3.



1989 1994 2000 2005 2010

A.  Estimates without winsorization and imputation

Organized sector, urban areas 1.0E+10 1.2E+10 1.5E+10 1.5E+10 2.0E+10

Organized sector, rural areas 3.9E+09 8.3E+09 1.6E+10 2.0E+10 2.1E+10

Unorganized sector, urban areas 5.8E+08 1.2E+09 2.5E+09 2.4E+09 3.7E+09

Unorganized sector, rural areas 3.8E+08 5.9E+08 1.2E+09 1.3E+09 1.7E+09

Total 1.5E+10 2.2E+10 3.5E+10 3.9E+10 4.7E+10

B.  Estimates with winsorization and without imputation

Organized sector, urban areas 4.3E+09 7.3E+09 1.2E+10 1.2E+10 1.6E+10

Organized sector, rural areas 2.5E+09 5.1E+09 1.2E+10 1.3E+10 1.7E+10

Unorganized sector, urban areas 4.7E+08 1.0E+09 2.0E+09 2.3E+09 3.0E+09

Unorganized sector, rural areas 3.7E+08 5.6E+08 8.6E+08 1.1E+09 1.3E+09

Total 7.7E+09 1.4E+10 2.6E+10 2.8E+10 3.7E+10

C.  Estimates without winsorization and with imputation

Organized sector, urban areas 1.0E+10 1.2E+10 1.5E+10 1.5E+10 2.0E+10

Organized sector, rural areas 4.0E+09 8.4E+09 1.6E+10 2.1E+10 2.2E+10

Unorganized sector, urban areas 8.1E+08 1.5E+09 3.0E+09 2.9E+09 3.9E+09

Unorganized sector, rural areas 3.6E+09 3.9E+09 3.0E+09 3.8E+09 2.6E+09

Total 1.9E+10 2.5E+10 3.8E+10 4.2E+10 4.9E+10

D.  Estimates with winsorization and imputation

Organized sector, urban areas 4.3E+09 7.4E+09 1.2E+10 1.2E+10 1.6E+10

Organized sector, rural areas 2.5E+09 5.1E+09 1.2E+10 1.3E+10 1.7E+10

Unorganized sector, urban areas 6.5E+08 1.4E+09 2.4E+09 2.7E+09 3.1E+09

Unorganized sector, rural areas 3.1E+09 3.6E+09 2.6E+09 3.7E+09 2.1E+09

Total 1.1E+10 1.7E+10 2.8E+10 3.1E+10 3.8E+10

Table 5a: Estimated total electricity usage for manufacturing plants

Notes: See Tables 1-3.



1989 1994 2000 2005 2010

A.  Estimates without winsorization and imputation

Organized sector, urban areas 5.3% 4.7% 5.5% 3.9% 3.5%

Organized sector, rural areas 4.2% 6.1% 7.3% 6.2% 4.4%

Unorganized sector, urban areas 2.8% 2.6% 2.6% 2.2% 2.4%

Unorganized sector, rural areas 1.5% 2.1% 2.3% 2.3% 2.0%

Total 4.6% 4.7% 5.4% 4.5% 3.6%

B.  Estimates with winsorization and without imputation

Organized sector, urban areas 2.2% 3.0% 4.1% 3.1% 2.8%

Organized sector, rural areas 2.7% 3.7% 5.3% 3.9% 3.4%

Unorganized sector, urban areas 2.2% 2.2% 2.1% 2.1% 1.9%

Unorganized sector, rural areas 1.5% 2.0% 1.7% 2.0% 1.6%

Total 2.3% 3.1% 4.0% 3.2% 2.8%

C.  Estimates without winsorization and with imputation

Organized sector, urban areas 5.3% 4.7% 5.5% 4.0% 3.5%

Organized sector, rural areas 4.3% 6.2% 7.4% 6.3% 4.6%

Unorganized sector, urban areas 3.8% 3.3% 3.1% 2.6% 2.5%

Unorganized sector, rural areas 14.8% 13.7% 5.9% 6.7% 3.2%

Total 5.6% 5.5% 5.8% 4.9% 3.8%

D.  Estimates with winsorization and imputation

Organized sector, urban areas 2.2% 3.0% 4.1% 3.1% 2.8%

Organized sector, rural areas 2.7% 3.8% 5.3% 3.9% 3.4%

Unorganized sector, urban areas 3.1% 2.9% 2.5% 2.5% 2.0%

Unorganized sector, rural areas 12.8% 12.7% 5.0% 6.4% 2.6%

Total 3.2% 3.8% 4.3% 3.5% 2.9%

Table 5b: Estimated total electricity usage per output unit for manufacturing plants

Notes: See Table 5a.



1989 1994 2000 2005 2010 Average 1989 1994 2000 2005 2010 Average

A & N Islands 1% 1% 1% 1% 1% 1% 1% 1% 2% 1% 1% 1%

Andhra Pradesh 3% 5% 6% 5% 4% 4% 3% 4% 5% 4% 3% 4%

Assam 2% 4% 6% 6% 3% 4% 2% 3% 5% 5% 3% 3%

Bihar 7% 4% 6% 5% 5% 5% 7% 13% 7% 9% 6% 8%

Chandigarh 1% 2% 5% 3% 3% 3% 1% 2% 3% 3% 3% 2%

Dadra & Nagar Haveli 2% 2% 3% 3% 3% 2% 2% 2% 3% 3% 3% 2%

Daman & Diu 2% 1% 2% 2% 2% 2% 2% 1% 2% 2% 2% 2%

Delhi 2% 2% 3% 2% 2% 2% 2% 2% 3% 2% 2% 2%

Goa 2% 3% 4% 3% 2% 3% 1% 2% 4% 3% 2% 3%

Gujarat 5% 5% 7% 7% 4% 6% 3% 4% 5% 4% 3% 4%

Haryana 3% 3% 4% 3% 2% 3% 2% 3% 4% 3% 2% 3%

Himachal Pradesh 3% 4% 7% 4% 3% 4% 4% 3% 3% 3% 3% 3%

Jammu & Kashmir 1% 1% 1% 1% 2% 1% 2% 1% 2% 1% 2% 2%

Karnataka 4% 8% 7% 4% 3% 5% 2% 3% 4% 3% 2% 3%

Kerala 3% 3% 3% 4% 2% 3% 2% 2% 3% 4% 2% 3%

Madhya Pradesh 5% 7% 11% 11% 8% 9% 3% 4% 5% 5% 4% 4%

Maharashtra 3% 5% 4% 3% 3% 4% 2% 3% 3% 2% 3% 3%

Manipur 0% 0% 0% 0% 1% 0% 2% 1% 1% 4% 1% 2%

Meghalaya 0% 2% 3% 4% 7% 3% 2% 2% 4% 8% 7% 4%

Nagaland 3% 1% 2% 2% 1% 2% 3% 2% 2% 5% 1% 3%

Orissa 6% 13% 10% 7% 9% 9% 7% 6% 8% 8% 5% 7%

Pondicherry 4% 6% 4% 5% 3% 4% 4% 6% 4% 4% 3% 4%

Punjab 3% 4% 5% 5% 4% 4% 2% 4% 5% 5% 4% 4%

Rajasthan 5% 6% 8% 6% 5% 6% 4% 4% 7% 5% 4% 5%

Tamil Nadu 12% 4% 6% 5% 3% 6% 3% 4% 5% 4% 3% 4%

Tripura 0% 1% 1% 1% 1% 1% 2% 8% 2% 2% 1% 3%

Uttar Pradesh 4% 4% 5% 3% 3% 4% 3% 4% 5% 6% 3% 4%

West Bengal 2% 3% 4% 4% 4% 3% 3% 4% 4% 8% 3% 5%

Nationwide 5% 5% 5% 5% 4% 5% 3% 4% 4% 4% 3% 4%

Table 6a: Electricity usage in manufacturing plants by state

Notes: Table provides state-level estimates of the value of manufacturing electricity consumption relative to output levels.

Average usage per unit of output with 

winsorization and imputation

Average usage per unit of output without 

winsorization and imputation



1989 1994 2000 2005 2009 Total

A & N Islands 382 558 597 225 273 2,035 Reference 26,469

Andhra Pradesh 10,666 17,883 19,386 9,356 12,451 69,742 1830.3 18,320

Assam 2,738 4,087 6,575 3,559 3,225 20,184 1159.7 13,545

Bihar 8,089 12,885 18,279 6,550 7,008 52,811 4310.5++ 7,111

Chandigarh 321 557 445 216 311 1,850 -1060.8 52,520

Dadra & Nagar Haveli 265 327 508 548 482 2,130 -1.47e+05+++ n.a.

Daman & Diu 128 359 519 643 565 2,214 -7.43e+04+++ n.a.

Delhi 1,829 3,217 2,721 1,376 2,788 11,931 4482.5++ 42,220

Goa 252 558 1,049 585 429 2,873 -5823.7++ 44,934

Gujarat 7,079 10,526 11,846 6,676 7,818 43,945 3545.8+ 20,827

Haryana 2,281 3,432 5,248 3,561 4,258 18,780 592.2 26,568

Himachal Pradesh 1,505 2,223 4,026 1,984 2,016 11,754 878.8 24,690

Jammu & Kashmir 2,696 1,431 6,010 2,856 2,182 15,175 844.5 16,145

Karnataka 6,288 9,892 10,066 5,285 5,870 37,401 2621.8 19,551

Kerala 5,631 7,104 11,081 5,064 6,260 35,140 1379.6 22,549

Madhya Pradesh 6,461 7,691 14,745 6,024 9,033 43,954 5376.5++ 12,459

Maharashtra 11,982 13,938 21,732 10,639 10,724 69,015 2406.4 25,228

Manipur 1,951 1,704 3,449 1,195 860 9,159 284.2 13,422

Meghalaya 532 673 1,069 598 427 3,299 4428.6+++ 16,440

Nagaland 349 1,079 1,584 759 759 4,530 1918.7 16,805

Orissa 4,305 8,368 7,314 3,844 4,008 27,839 5165.9++ 11,543

Pondicherry 388 327 756 636 672 2,779 -757.3 37,985

Punjab 5,587 6,171 10,973 5,476 5,189 33,396 4875.6+++ 28,714

Rajasthan 5,283 6,536 11,125 5,968 5,932 34,844 3826.5++ 14,504

Tamil Nadu 12,476 27,716 22,302 10,683 13,367 86,544 1118.7 22,846

Tripura 1,601 2,615 3,725 1,839 1,801 11,581 1099.1 16,143

Uttar Pradesh 16,070 25,196 28,552 11,877 15,642 97,337 1454.4 10,874

West Bengal 10,664 20,986 18,657 8,153 10,920 69,380 3067.8 17,607

Nationwide 127,799 198,039 244,339 116,175 135,270 821,622

Notes: See Table 6a.

Cell count 

Table 6b: Electricity usage in manufacturing plants by state, continued

State FE 

coefficient in 

imputation 

regression (Table 

3, Col 1)

State GDP per capita 

in 2000-01 (Constant 

prices, 1999-2000 

series in Rupees)



1989 1994 2000 2005 2010 Average 1989 1994 2000 2005 2010 Average

15 Food products and beverages 2% 2% 3% 3% 2% 2% 3% 3% 4% 3% 2% 3%

16 Tobacco products 0% 0% 1% 1% 1% 1% 1% 1% 1% 2% 1% 1%

17 Textiles 12% 6% 9% 9% 5% 8% 5% 6% 7% 6% 5% 6%

18 Wearing apparel; dressing and dyeing of fur 0% 1% 2% 2% 2% 1% 1% 1% 2% 2% 2% 1%

19 Leather tanning; luggage, handbags, footwear 1% 1% 2% 2% 2% 2% 1% 2% 2% 2% 2% 2%

20 Wood and wood products; straw and plating articles 1% 2% 2% 2% 2% 2% 7% 14% 6% 7% 3% 7%

21 Paper and paper products 7% 12% 13% 10% 6% 10% 4% 6% 8% 6% 5% 6%

22 Publishing, printing and media reproduction 2% 2% 3% 3% 2% 2% 2% 2% 3% 3% 2% 2%

23 Coke, refined petroleum and nuclear fuel 2% 2% 3% 2% 2% 2% 1% 2% 3% 2% 2% 2%

24 Chemicals and chemical products 6% 6% 7% 5% 4% 5% 2% 3% 4% 5% 3% 3%

25 Rubber and plastic products 2% 4% 5% 4% 3% 4% 2% 4% 5% 4% 3% 3%

26 Other non-metallic mineral products 8% 11% 12% 10% 8% 10% 5% 9% 8% 11% 5% 8%

27 Basic metals 8% 12% 12% 10% 9% 10% 4% 6% 8% 6% 6% 6%

28 Fabricated metal products, except machinery 2% 3% 4% 2% 2% 2% 2% 3% 4% 2% 2% 3%

29 Machinery and equipment, n.e.c. 1% 2% 2% 2% 1% 2% 2% 2% 2% 2% 1% 2%

30 Office, accounting and computing machinery 0% 1% 1% 2% 3% 1% 0% 1% 1% 1% 2% 1%

31 Electrical machinery and apparatus, n.e.c. 1% 2% 1% 2% 2% 1% 1% 2% 1% 2% 1% 1%

32 Radio, television, and comm. equipment 1% 1% 2% 2% 2% 2% 1% 1% 2% 2% 2% 2%

33 Medical, precision and optical instruments, watches 1% 2% 2% 2% 1% 2% 1% 2% 2% 2% 1% 2%

34 Motor vehicles, trailers and semi-trailers 2% 2% 3% 2% 2% 2% 1% 2% 3% 2% 2% 2%

35 Other transport equipment 2% 2% 3% 2% 2% 2% 1% 2% 3% 2% 2% 2%

36 Furniture, manufacturing n.e.c. 1% 1% 2% 1% 1% 1% 2% 2% 2% 1% 1% 2%

Nationwide 5% 5% 5% 5% 4% 5% 3% 4% 4% 4% 3% 4%

Notes: Table provides industry-level estimates of the value of manufacturing electricity consumption relative to output levels.

Table 7a: Electricity usage in manufacturing plants by industry

Average usage per unit of output without 

winsorization and imputation

Average usage per unit of output with 

winsorization and imputation



15 Food products and beverages 25,170 32,502 39,544 20,425 23,544 141,185 reference 

industry

0.777

16 Tobacco products 8,579 17,207 12,996 3,624 3,840 46,246 1879.9+++ 0.714

17 Textiles 23,289 45,945 35,806 11,246 11,625 127,911 4927.7+++ 0.796

18 Wearing apparel; dressing and dyeing of fur 1,760 2,475 42,254 19,855 31,952 98,296 3152.3+++ 0.646

19 Leather tanning; luggage, handbags, footwear 2,876 3,738 4,229 1,569 1,444 13,856 659.8 0.791

20 Wood and wood products; straw and plating articles 14,397 24,492 26,942 8,508 8,526 82,865 2321.9+++ 0.217

21 Paper and paper products 1,680 1,806 2,402 1,816 1,713 9,417 15262.5+++ 0.917

22 Publishing, printing and media reproduction 2,375 2,608 4,809 2,280 2,476 14,548 2105.4+++ 0.623

23 Coke, refined petroleum and nuclear fuel 344 476 353 373 130 1,676 -9.00e+04+++ 0.975

24 Chemicals and chemical products 4,385 6,285 5,685 4,780 3,869 25,004 5912.8 0.969

25 Rubber and plastic products 2,236 2,975 3,713 2,696 3,330 14,950 2534.5++ 0.876

26 Other non-metallic mineral products 8,797 14,356 13,906 8,692 7,928 53,679 18058.9+++ 0.803

27 Basic metals 2,569 3,163 2,882 2,798 2,505 13,917 1.24e+05+++ 0.967

28 Fabricated metal products, except machinery 7,107 8,751 14,346 6,924 7,619 44,747 1551.5+++ 0.687

29 Machinery and equipment, n.e.c. 6,031 8,060 6,069 4,443 4,480 29,083 -5592.0 0.883

30 Office, accounting and computing machinery 134 131 79 103 81 528 -9.54e+04+++ 0.921

31 Electrical machinery and apparatus, n.e.c. 1,647 2,151 2,501 2,725 1,614 10,638 -1.84e+04+++ 0.851

32 Radio, television, and comm. equipment 615 760 508 497 4,296 6,676 307.6 0.939

33 Medical, precision and optical instruments, watches 508 563 671 606 446 2,794 -1.08e+04++ 0.907

34 Motor vehicles, trailers and semi-trailers 679 955 1,387 1,206 1,481 5,708 -5.55e+04+++ 0.973

35 Other transport equipment 1,149 1,498 1,104 993 779 5,523 -2.48e+04+++ 0.944

36 Furniture, manufacturing n.e.c. 11,472 17,142 22,153 10,016 11,592 72,375 1901.2+++ 0.339

Nationwide 127,799 198,039 244,339 116,175 135,270 821,622 0.820

Notes: See Table 7a.

Cell count

Table 7b: Electricity usage in manufacturing plants by industry, continued

Industry FE 

coefficient in 

imputation 

regression (Table 

3, Col 1)

Average industry 

organized sector share 

in output, 1989-2010



1989 1994 2000 2005 2010 Average 1989 1994 2000 2005 2010 Average

15 Food products and beverages 2% 2% 3% 2% 2% 2% 2% 3% 3% 3% 2% 3%

16 Tobacco products 0% 0% 1% 1% 1% 1% 0% 0% 0% 1% 1% 0%

17 Textiles 16% 6% 7% 6% 5% 8% 4% 6% 10% 12% 6% 8%

18 Wearing apparel; dressing and dyeing of fur 0% 1% 2% 2% 2% 1% 0% 1% 2% 2% 2% 1%

19 Leather tanning; luggage, handbags, footwear 1% 1% 2% 2% 2% 2% 1% 1% 1% 2% 2% 1%

20 Wood and wood products; straw and plating articles 2% 2% 2% 3% 2% 2% 1% 1% 2% 2% 2% 1%

21 Paper and paper products 7% 11% 11% 10% 5% 9% 9% 12% 15% 10% 7% 11%

22 Publishing, printing and media reproduction 2% 2% 3% 3% 2% 2% 2% 3% 2% 2% 2% 2%

23 Coke, refined petroleum and nuclear fuel 3% 2% 3% 2% 3% 3% 1% 2% 2% 1% 1% 2%

24 Chemicals and chemical products 6% 6% 8% 5% 5% 6% 5% 5% 6% 4% 3% 5%

25 Rubber and plastic products 2% 5% 6% 4% 4% 4% 2% 3% 5% 3% 3% 3%

26 Other non-metallic mineral products 7% 10% 13% 10% 8% 10% 8% 12% 12% 10% 7% 10%

27 Basic metals 8% 10% 9% 7% 7% 8% 8% 16% 16% 13% 11% 13%

28 Fabricated metal products, except machinery 2% 3% 4% 2% 3% 3% 1% 2% 3% 2% 2% 2%

29 Machinery and equipment, n.e.c. 1% 2% 2% 2% 1% 2% 1% 2% 2% 1% 1% 2%

30 Office, accounting and computing machinery 1% 1% 1% 2% 3% 2% 0% 1% 0% 1% 1% 1%

31 Electrical machinery and apparatus, n.e.c. 1% 2% 1% 1% 1% 1% 1% 2% 2% 2% 2% 2%

32 Radio, television, and comm. equipment 1% 1% 2% 2% 2% 2% 1% 1% 2% 2% 2% 2%

33 Medical, precision and optical instruments, watches 1% 2% 2% 2% 2% 2% 1% 2% 2% 2% 1% 2%

34 Motor vehicles, trailers and semi-trailers 1% 2% 3% 2% 2% 2% 2% 2% 2% 2% 2% 2%

35 Other transport equipment 2% 3% 3% 3% 2% 2% 1% 1% 2% 2% 1% 1%

36 Furniture, manufacturing n.e.c. 1% 1% 2% 1% 1% 1% 1% 1% 2% 1% 1% 1%

Nationwide 5% 4% 5% 4% 3% 4% 4% 5% 6% 6% 4% 5%

Table 7c: Electricity usage in manufacturing plants by industry and urban/rural region

Urban - Average usage per unit of output 

without winsorization and imputation

Rural - Average usage per unit of output 

without winsorization and imputation

Notes: See Table 7a.



1989 1994 2000 2005 2010 Average 1989 1994 2000 2005 2010 Average

15 Food products and beverages 2% 2% 3% 3% 2% 2% 4% 4% 5% 4% 3% 4%

16 Tobacco products 0% 1% 1% 1% 1% 1% 2% 2% 2% 4% 1% 2%

17 Textiles 4% 5% 6% 5% 4% 5% 6% 6% 9% 7% 6% 7%

18 Wearing apparel; dressing and dyeing of fur 1% 1% 2% 2% 2% 1% 1% 2% 2% 2% 2% 2%

19 Leather tanning; luggage, handbags, footwear 1% 2% 2% 2% 2% 2% 1% 2% 1% 3% 2% 2%

20 Wood and wood products; straw and plating articles 3% 4% 3% 3% 2% 3% 9% 27% 7% 9% 3% 11%

21 Paper and paper products 3% 5% 6% 5% 4% 5% 6% 8% 11% 7% 6% 7%

22 Publishing, printing and media reproduction 2% 2% 3% 3% 2% 2% 2% 7% 2% 2% 2% 3%

23 Coke, refined petroleum and nuclear fuel 1% 1% 3% 2% 3% 2% 1% 2% 3% 2% 1% 2%

24 Chemicals and chemical products 2% 3% 4% 3% 3% 3% 3% 3% 4% 7% 2% 4%

25 Rubber and plastic products 2% 4% 5% 4% 3% 4% 2% 3% 5% 3% 3% 3%

26 Other non-metallic mineral products 5% 7% 8% 7% 4% 6% 5% 11% 8% 13% 6% 9%

27 Basic metals 4% 5% 7% 6% 5% 5% 4% 6% 9% 7% 7% 7%

28 Fabricated metal products, except machinery 2% 2% 4% 2% 3% 3% 3% 5% 4% 3% 2% 3%

29 Machinery and equipment, n.e.c. 1% 2% 2% 2% 1% 2% 2% 3% 2% 2% 1% 2%

30 Office, accounting and computing machinery 1% 1% 1% 1% 2% 1% 0% 1% 0% 1% 1% 1%

31 Electrical machinery and apparatus, n.e.c. 1% 2% 1% 1% 1% 1% 1% 2% 2% 2% 1% 2%

32 Radio, television, and comm. equipment 1% 1% 2% 2% 2% 2% 1% 1% 2% 2% 2% 2%

33 Medical, precision and optical instruments, watches 1% 2% 2% 2% 1% 2% 1% 2% 2% 2% 1% 2%

34 Motor vehicles, trailers and semi-trailers 1% 2% 3% 2% 2% 2% 1% 2% 2% 2% 2% 2%

35 Other transport equipment 2% 2% 3% 3% 2% 2% 1% 1% 2% 2% 1% 1%

36 Furniture, manufacturing n.e.c. 1% 2% 2% 1% 1% 1% 3% 4% 2% 1% 1% 2%

Nationwide 2% 3% 4% 3% 3% 3% 4% 5% 6% 5% 3% 5%

Table 7d: Electricity usage in manufacturing plants by industry and urban/rural region

Urban - Average usage per unit of output 

with winsorization and imputation

Rural - Average usage per unit of output with 

winsorization and imputation

Notes: See Table 7a.



Without 

winsorization and 

imputation

With winsorization 

and imputation

Without 

winsorization and 

imputation

With winsorization 

and imputation

Without 

winsorization and 

imputation

With winsorization 

and imputation

(1) (2) (3) (4) (5) (6)

   Share start 0.054 0.044 0.063 0.047 0.025 0.036

   Share ending 0.035 0.030 0.038 0.031 0.023 0.023

   Share change -0.018 -0.015 -0.024 -0.016 -0.002 -0.012

   Within component -0.018 -0.014 -0.022 -0.014 -0.002 -0.010

   Between component 0.001 0.001 0.001 0.021 0.009 0.013

   Covariance term -0.001 -0.002 -0.003 -0.023 -0.009 -0.016

   Total -0.018 -0.015 -0.024 -0.016 -0.002 -0.012

   Within component -0.018 -0.015 -0.023 -0.025 -0.007 -0.018

   Between component 0.000 0.000 -0.001 0.010 0.005 0.005

   Total -0.018 -0.015 -0.024 -0.016 -0.002 -0.012

C.  Decomposition: Griliches and Regev (1995)

Notes: Table decomposes changes in electricity usage per output unit for Indian manufacturing. Column headers indicate metrics and sectors. Panel A presents the share 

change using a balanced panel of state-industry-urban/rural areas employed in the decomposition. Decomposition technique follows Foster et al. (2001), Bailey et al. (1992), 

and Griliches and Regev (1995). For the Bailey et al. (1992) technique, the within component represents changes in shares within cells with cells weighted by initial output 

shares for the Indian economy. Positive values indicate that cells tended to have increasing electricity usage shares when weighted by initial output. The between component 

represents changes in shares across cells interacted with the initial deviation of cells from the national electricity usage ratio. Positive values indicate that output tended to be 

reallocated towards cells that had higher initial shares. The covariance component term represents the interaction of changes in shares for cells across the period with 

changes in shares for cells across the period. Positive values indicate that fast-growing cells also experienced rising electricity consumption shares. The three components by 

definition sum to the total change in consumption share for India, with some minor deviations due to panel composition changes.

Table 8: Decompositions of changes in energy usage per output unit, 2000-2010

Total Activity Organized Sector Unorganized Sector

A.  Sector change in electricity usage per output unit using balanced panel of state-industry-urban/rural areas

B.  Decomposition: Bailey et al. (1992)



Items Units Years

Value of electricity generated and sold Receipts in Rs. 1989, 1994, 2000, 2005, 2009

Electricity generated Kwh 1989, 1994

Electricity purchased Kwh 1989, 1994

Electricity consumed Kwh 1989, 1994

Electricity generated and sold Kwh 1989, 1994

Electricity own generated Kwh 2000

Electricity purchased & consumed Kwh 1989, 1994, 2000

Petrol & aviation petrol Litre 1989, 1994, 2000

Diesel oil Litre 1989, 1994, 2000

Furnace oil Litre 1989, 1994, 2000

Lubricating oil Litre 2000

Coal (inc. coke) Tonne 1989, 1994, 2000

Lignite Tonne 1989, 1994, 2000

Coal gas Cubic Metre 1989, 1994, 2000

Liquefied petroleum, gas KG. 1989, 1994, 2000

Natural gas Cubic Metre 1989, 1994, 2000

Other fuel oil Litre 1989, 1994, 2000

Firewood inc. charcoal Tonne 1989, 1994, 2000

Bio-mass (other than firewood inc. bio-gas) Tonne 1989, 1994, 2000

Solar energy Kwh 2000

Water purchased Kilo Litre 1989, 1994, 2000

Electricity own generated KWH, value 2000, 2005, 2009

Electricity purchased & consumed KWH, value 2000, 2005, 2009

Petrol, diesel, oil, lubricants consumed X 2000, 2005, 2009

Coal consumed 2000, 2005, 2009

Other fuel consumed X 2000, 2005, 2009

Section: Other incomes

Section: Electricity

Section:  Fuels, electricity and water consumption  

Section: Input items (indigenous items consumed)  

Appendix Table 1: Energy variables in ASI surveys by year



Items Units Years

Electricity  charges Receipts in Rs. 1994, 2000, 2005, 2010

Fuel and lubricant (etc.) Receipts in Rs. 1994, 2000, 2005, 2010

Fuels consumed Receipts in Rs. 2010

Nature of problems faced, if any, during the 

reference year (yes – 1, no – 2)

Non-availability of 

electricity connection 

2000,2005, 2010

Power cut 2000,2005, 2010

Coal/coke Receipts in Rs. 1989

Other fuels Receipts in Rs. 1989

Lubricants Receipts in Rs. 1989

Electricity Receipts in Rs. 1989

Appendix Table 2: Energy variables in NSS surveys by year

Section: Other operating expenses during the reference period: all activities

Section: Accommodation and food service activities

Section: Particulars of operation and background information

Section: Raw materials and fuels consumed during the reference period (including 

homegrown)



NIC Industry Description  Plants  Empl Output  Plants  Empl  Output 

15 Food products and beverages         21.4      1,261.4    1,234,459    1,743.6      4,622.3       392,886 

16 Tobacco products           2.2         475.2       103,597       169.7         485.8         16,820 

17 Textiles         12.3      1,245.9       773,018       724.5      2,034.3       149,788 

18 Wearing apparel; dressing and dyeing 

of fur

          2.8         329.2       141,507    2,018.0      3,257.1         93,687 

19 Leather; luggage, handbags, saddlery, 

harness and footwear

          2.2         135.7         88,793       130.5         287.3         22,159 

20 Wood and wood products, except 

furniture; straw and plating

          2.7           45.6         18,731    1,226.7      2,646.0         76,124 

21 Paper and paper products           3.2         176.1       178,617         59.6         189.9         17,998 

22 Publishing, printing and reproduction of 

recorded media

          3.0         116.7         53,516       109.4         382.3         36,042 

23 Coke, refined petroleum and nuclear 

fuel

          0.8           66.7       771,868           5.6           19.0           2,807 

24 Chemicals and chemical products           9.9         779.8    1,439,134         38.8         198.9         40,877 

25 Rubber and plastic products           6.4         251.1       258,618         50.5         216.3         42,320 

26 Other non-metallic mineral products         10.5         428.3       288,191       623.9      2,562.2       116,946 

27 Basic metals           6.5         551.0       820,940         15.5           73.1         28,293 

28 Fabricated metal products, except 

machinery and equipments

          7.9         292.6       181,534       282.1         797.0         80,883 

29 Machinery and equipment, n.e.c.           8.9         422.9       373,526         52.5         224.1         43,967 

30 Office, accounting and computing 

machinery

          0.2           17.1         36,757           0.2             0.9              309 

31 Electrical machinery and apparatus, 

n.e.c.

          3.7         229.0       237,760         35.8         183.6       283,943 

32 Radio, television, and communication 

equipment and apparatus

          1.0         109.1       166,577           4.0           25.7           2,995 

33 Medical, precision and optical 

instruments, watches and clocks

          0.9           58.8         42,137           4.7           19.3           3,511 

34 Motor vehicles, trailers and semi-

trailers

          2.5         257.3       389,512           9.3           45.9           9,931 

35 Other transport equipment           1.8         182.7       200,111           8.3           38.2           7,273 

36 Furniture, manufacturing n.e.c.           2.1         119.3       105,705       435.0      1,078.1         90,704 

Traditional 70.3       4,626.0    3,167,666  7,523.1  18,342.3  1,094,037  

Modern 42.8       2,925.5    4,736,939  225.1     1,045.0    466,225     

Appendix Table 3: Sizes of industries, 2000

Notes: Plants and employments are expressed in thousands. Output is expressed in millions of Rupees. "n.e.c." stands for Not 

Elsewhere Classified. Taken from Ghani et al. (2013).

Organized sector Unorganized sector



1989 1994 2000 2005 2010 1989 1994 2000 2005 2010

Organized sector, urban areas 0.4% 0.5% 0.4% 0.4% 0.4% 72% 70% 63% 60% 62%

Organized sector, rural areas 0.2% 0.2% 0.2% 0.2% 0.3% 28% 30% 37% 40% 38%

Unorganized sector, urban areas 21% 24% 30% 29% 42% 21% 25% 30% 29% 42%

Unorganized sector, rural areas 78% 75% 70% 70% 58% 79% 75% 70% 71% 58%

1989 1994 2000 2005 2010 1989 1994 2000 2005 2010

Organized sector, urban areas 12% 13% 10% 11% 13% 69% 68% 61% 57% 58%

Organized sector, rural areas 6% 6% 6% 8% 9% 31% 32% 39% 43% 42%

Unorganized sector, urban areas 20% 25% 30% 30% 37% 25% 31% 36% 37% 48%

Unorganized sector, rural areas 62% 55% 53% 51% 41% 75% 69% 64% 63% 52%

1989 1994 2000 2005 2010 1989 1994 2000 2005 2010

Organized sector, urban areas 59% 54% 43% 43% 44% 68% 65% 56% 53% 54%

Organized sector, rural areas 28% 30% 34% 38% 38% 32% 35% 44% 47% 46%

Unorganized sector, urban areas 6% 10% 15% 13% 12% 46% 62% 65% 66% 66%

Unorganized sector, rural areas 7% 6% 8% 7% 6% 54% 38% 35% 34% 34%

Appendix Table 4: Shares of activity by type

Distribution by sectorShare of total Indian mfg output

Notes: See Table 1.

Share of total Indian mfg employment

Share of total Indian mfg plants Distribution by sector

Distribution by sector



Without 

winsorization and 

imputation

With winsorization 

and imputation

Without 

winsorization and 

imputation

With winsorization 

and imputation

Without 

winsorization and 

imputation

With winsorization 

and imputation

(1) (2) (3) (4) (5) (6)

   Share start 0.046 0.029 0.049 0.024 0.021 0.063

   Share ending 0.035 0.030 0.038 0.031 0.023 0.023

   Share change -0.011 0.000 -0.010 0.007 0.002 -0.040

   Within component -0.010 0.002 -0.008 0.011 0.000 -0.036

   Between component -0.009 0.003 -0.011 0.002 0.005 -0.008

   Covariance term 0.008 -0.005 0.008 -0.006 -0.004 0.004

   Total -0.011 0.000 -0.010 0.007 0.002 -0.040

   Within component -0.005 0.000 -0.004 0.008 -0.002 -0.034

   Between component -0.005 0.001 -0.007 -0.001 0.003 -0.006

   Total -0.011 0.000 -0.010 0.007 0.002 -0.040

C.  Decomposition: Griliches and Regev (1995)

Notes: See Table 8.

Appendix Table 5: Decompositions of changes in energy usage per output unit, 1989-2010

Total Activity Organized Sector Unorganized Sector

A.  Sector change in electricity usage per output unit using balanced panel of state-industry-urban/rural areas

B.  Decomposition: Bailey et al. (1992)



A.  Estimates without winsorization and imputation C.  Estimates without winsorization and with imputation

B.  Estimates with winsorization and without imputation D.  Estimates with winsorization and imputation

App. Figure 1a: Estimated total land and building usage per output unit for manufacturing plants

Notes: The vertical axis in all panels is the value of land and building usage divided by output.
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A.  Organized sector, urban areas C.  Unorganized sector, urban areas

B.  Organized sector, rural areas D.  Unorganized sector, rural areas

App. Figure 1b: Estimated total land and building usage per output unit for manufacturing plants

Notes: The vertical axis in all panels is the value of land and building usage divided by output.
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Without winsorization 

and imputation

With winsorization and 

imputation

Without winsorization 

and imputation

With winsorization and 

imputation

Without winsorization 

and imputation

With winsorization and 

imputation

(1) (2) (3) (4) (5) (6)

   Share start 0.130 0.186 0.092 0.128 0.257 0.375

   Share ending 0.171 0.247 0.102 0.133 0.487 0.768

   Share change 0.041 0.061 0.010 0.005 0.230 0.393

   Within component 0.062 0.114 0.007 0.006 0.348 0.655

   Between component 0.010 0.016 -0.001 0.001 0.052 0.076

   Covariance term -0.031 -0.069 0.004 -0.003 -0.170 -0.339

   Total 0.041 0.061 0.010 0.005 0.230 0.393

   Within component 0.046 0.080 0.009 0.005 0.263 0.486

   Between component -0.005 -0.019 0.001 0.000 -0.033 -0.093

   Total 0.041 0.061 0.010 0.005 0.230 0.393

C.  Decomposition: Griliches and Regev (1995)

Notes: Table decomposes changes in land and building usage per output unit for Indian manufacturing. Column headers indicate metrics and sectors. Panel A presents the share change using a balanced panel of 

districts employed in the decomposition. Decomposition technique follows Foster et al. (2001), Bailey et al. (1992), and Griliches and Regev (1995). For the Bailey et al. (1992) technique, the within component 

represents changes in shares within cells with cells weighted by initial output shares for the Indian economy. Positive values indicate that cells tended to have increasing land and building usage shares when weighted 

by initial output. The between component represents changes in shares across cells interacted with the initial deviation of cells from the national land and building usage ratio. Positive values indicate that output tended 

to be reallocated towards cells that had higher initial shares. The covariance component term represents the interaction of changes in shares for cells across the period with changes in shares for cells across the period. 

Positive values indicate that fast-growing cells also experienced rising land and building consumption shares. The three components by definition sum to the total change in consumption share for India, with some 

minor deviations due to panel composition changes.

App. Table 6: Decompositions of changes in land and building usage per output unit, 2000-2010

Total Activity Organized Sector Unorganized Sector

A.  Sector change in land and building usage per output unit using balanced panel of districts

B.  Decomposition: Bailey et al. (1992)


