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Abstract

This study was carried out in the form a desk research to understand 
issues relating to Indian power sector.  The study highlights some key 
achievements of Indian power sector after establishing a link between 
power production and economic performance. While the 
achievements are noteworthy, the rate of electrification is neither fast 
enough nor is it reaching the poorest of the poor. India witnessed a 
percentage increase of households with no lighting in 22 states/Union 
Territories out of 35 listed during the period from 2001 to 2011. Key 
problems of the power sector are presented here. Wind energy is 
presented as an option that permits providing power at a low cost as 
compared to other renewable energy options. Further, India has great 
strengths in its use and would not depend upon external expertise or 
technology in tapping wind energy.  

Key Words: Electric power, T & D losses, Renewable energy, Wind 
energy

 Introduction

Power generation has a big impact on all societies on account of its role 
in different human activities. For a country like India, higher power 
generation causes the GDP to rise, improves our current account deficit 
by permitting production of exportable goods and employment 
potential of industry as well as agriculture. Fig. 1 below shows this 
linkage as regards Indian economy from 2002 to 2011 with a 
correlation of 0.99. 

Jitendra Shreemali
Assoc. Professor, 

SPS University, 

Rajasthan 



www.pbr.co.inwww.pbr.co.in

Pacific Business Review International

100

Source: “Power Sector in India”, Paper by IMC – Economic Research & Training Foundation

Power generation has an immediate impact on industry and 
various factors that impact growth. The Indian Daily, 
Hindustan Times, reported on 1st of August 2015 that a 
mere 0.2% annual growth in power generation in June 2015 
affected performance in the infrastructure sector, crude oil, 
natural gas, coal, steel and cement. Over the past decades, 
power generation in India has shown impressive growth 
from the time India became independent with the pace 
improving over time. From 2005-06 onwards the 

compounded annual growth rate has been 7.84% from 31st 
March 2006 till 31st March 2013 with actual installed 
capacity having jumped from 145.755 GW to 266.644 GW 
in this duration. The breakup of this increase is shown in the 
figure below with the graph clearly showing that thermal 
power accounts for most power generated in India (about 
67%). The most rapid annual increase of 14.71% was 
observed for thermal power generation in the period from 
2011-12 to 2012-13. 

Such increase in power generation requires big investments. 
The investment requirement of power sector, estimated by 

IEA in 2003, is given in the table below.
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Despite the successes achieved and planned for decades to 
come, access to power has shown big disparities in favour of 
urban users. Woolbridge, Sharma and Fuente (2011) present 
state as well as national-level household fuel expenditure / 
consumption data based on the National Sample Survey 61st 
Round (2004-05) to find that despite India's economic 
growth about 36% of Indian population (more than 400 
Million people) lack access to electricity while about 70% of 
Indian population (more than 725 Million people) continue 
to rely on biomass cooking fuels like firewood, cow-dung or 

farm waste. This disparity in energy consumption pattern 
shows in only about 10% of rural households in Bihar using 
electricity as the primary lighting source, the comparable 
figure being 100% in Goa. Figure 2 below gives the breakup 
of use of electricity and kerosene as the primary lighting fuel 
in different states in India. The graph shows that in 7 Indian 
states, over half the lighting comes through use of Kerosene. 
These states are Bihar, Uttar Pradesh, Jharkhand, Assam, 
Orissa (Odisha), West Bengal and Rajasthan. 

Source: Woolbridge, R., Sharma, M. and Fuente, D. (2011). Atlas of household energy 
consumption and expenditure in India. pp 2

Source: Singh, A. (2007). Policy, Environment and Regulatory Reforms for Private and Foreign Investments in Developing Countries: 
A Case Study of the Indian Power Sector citing IEA (2003), World Energy Investment Outlook, International Energy Agency, Paris.

Table 1: Investment Outlook for the Electricity Sector in Billion USD 
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This scenario was worse ten years back. Figure 3 below 
presents the scenario on access to electricity among Indian 

rural households in 2001. The performance has improved in 
almost all states. 

The improvement in electricity supply to rural households 
led to an all India average of 55% rural households being 
covered through electric power as per 2011 Census data, 
11% increase from an all India average of 44% in 2001. 

However, the benefits did not reach the poorest of the poor. 
The table below that presents data on rural households 
having no lighting. 
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The percentage of households with no lighting increased in 
22 states/Union Territories out of 35 listed during the period 
from 2001 to 2011. The all India percentage of rural 
households with no lighting increased from 0.31% to 0.53% 
clearly showing that the benefits of rural electrification 
programmes are not trickling down to the poorest. Even 
among the rest, an average all India increase of 11% (from 
44% to 55%) over a ten year period, though noteworthy, 
points to a need for increasing the pace of electrification as 
this pace would mean 100% rural electrification requiring 
several decades. A study of the graphs and tables above 
presents the essential motive and purpose of this study: To 
study the power sector scenario in India and propose cost 
effective solution to the problem of power availability in 

rural India. Several studies have been carried out in power 
sector in India but the researcher found few that integrate 
different power generation approaches with the unique 
strengths and experiences of Indian power sector. This study 
aims to fill that gap and will add to the body of knowledge 
available to decision makers for addressing the power 
crunch in India. 

Literature Review

Power generation in India has historically been carried out in 
a planned manner through the five year plans. These five 
year plans are further broken down to make the annual plans. 
The Table below gives the target and actual electricity 
generation in India from 2009-10 to April 2015-16.

Source: Ministry of Power, Govt. of India website http://powermin.nic.in/power-sector-glance-all-india 

Achievement has consistently been well above 90% from 
2009-10 onwards and exceeded 100% twice during the 
period from 2009-10 to 20014-15. It is important to establish 
a linkage between targeted production and actual 

requirement. Subsequently, it would be useful to establish 
how Indian households compare with their counter parts in 
different parts of the world. The Table below gives the power 
supply position in India from 2009-10 to 2015-16.

Source: Ministry of Power, Govt. of India website http://powermin.nic.in/power-sector-glance-all-india
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One feature that stands out from the two tables above is that 
the targeted generation has been below requirement 
suggesting inevitable deficit that is further accentuated by 
shortfall in achieving the target. The macro position shows 
improvement over the years with the deficit falling over the 
years. This is partly due to improved generation levels and 

also because the average power consumption in India 
remains much lower than what is observed in developed 
countries. The figure below gives the average household 
requirement in India compared to select other countries and 
shows that an average household in Canada consumes over 
13 times as much electricity as one in India.

Figure 5: Comparing household requirement in India with Select countries 

The difference is even more marked when one takes into 
account the fact that average Indian households include 
more individuals than many developed countries leading to 

a lower per capita consumption of electricity as shown by 
the figure below. Now the per capita consumption in Canada 
is over 36 timers what is observed in India. 

Source: http://shrinkthatfootprint.com/average-household-electricity-consumption

Figure 6: Comparing per Capita electricity consumption in India with same Select countries

Source: http://shrinkthatfootprint.com/average‐household‐electricity‐consumption  
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The improvement in electricity access in rural households 
occurred on account of various government initiatives. 
Given below is the improvement in access on account of 
Rajiv Gandhi Grameen Vidyutikaran Yojana (RGGVY) 
launched in 2005. The Table below gives year wise data on 

achievement in the 10th and 11th five year plans through 
implementation of RGGVY that demonstrated an 
improvement from 16.4% achievement in 2006-07 to an 
average of over 70% in the 11th Five Year Plan. 

The table below presents state wise data as regards rural 
households based on 2001 census. When compared to 2011 
Census data, the average percentage of rural households 
using kerosene for lighting fell from 56% to 43%, a 

decrease comparable to those using electricity for lighting 
purposes. This suggests a shift from kerosene or some other 
alternate source of lighting to electricity. 
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This data can be compared to the 2011 Census data to 
demonstrate significant and tangible improvement in 

electrification data in rural India.
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One of the biggest losses Indian Power Sector faces is the T 
& D Losses. These losses have not shown a reduction 
despite extensive focus on T & D (increased from 22% in 

1995-96 to 23.7% in 2010-11). The figure below presents 
these losses in 2010-11.

Thus the challenges of Power Sector include: 

(i) Increasing capacity at a suitable price to address 
needs of rural and poor India; 

(ii) Reducing T&D Losses; and 

(iii) Improving tariff realization. 

Data on tariff realization is summarized in the figure below 
for the period from 2009-10 to 2013-14. Again, there can be 
no denying of the improvement observed and also the need 
to continue the trend.
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The recovery of cost varies enormously from state to state as 
shown in the figure below. Thus recovery is over 90% in 
states like Karnataka, Maharashtra, Gujarat and Sikkim and 
less than 40% in states like Arunachal Pradesh, Manipur, 
Nagaland, Jammu & Kashmir and Bihar. These five state, 

naturally, report the highest T&D losses suggesting a need 
for improving and improvising appropriate collection 
mechanism and reducing power theft. An all India average 
of 66% indicates over 1/3rd of amount was not recovered in 
2010-11.
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Antmann (2009) discusses Technical as well as non-
technical losses (commercial, non-payment and 
administrative losses) in power distribution.  The study 
cites Handbook by PA Consulting Group for USAID in 
November 2004 to list critical conditions of success in 
sustainable reduction of electricity distribution losses. 
These include (i) Accountability of those responsible for 
actions; (ii) Ownership through participation with the 
government and utility desiring change in status; (iii) 
Holistic approach with all involved institutions working 
towards the same goal; and (iv) Communicating social 
benefits of loss reduction to society at large. 
Implementation plans must include: (i) Focusing on 
consumers who account for large losses even if they 
themselves be big customers; (ii) Publicize cases of 
electricity theft; (iii) Working with reliable MIS on theft and 
re-engineering operations, as required, to minimize losses; 
(iv) Ensuring that the mighty and powerful in society are not 
allowed to get away with electricity theft.       

From among the triad of challenges listed above, namely, (i) 
Increasing capacity at a suitable price to address needs of 
rural and poor India; (ii) Reducing T&D Losses; and (iii) 
Improving tariff realization, this study focuses upon the first 
challenge. Various known options are studied with the 
purpose of identifying the least cost option. 

Renewable Energy to Supply Power at Low Cost 

As per Ministry of New and Renewable Energy, 
Government of India, the nation's installed capacity of 
renewable energy as on 31st March 2015 was of the order of 
35.78 GW with wind power contributing about 65.5% of 
this capacity (23.44 GW). The total potential capacity for 
renewable energy in India is estimated by the Technical 
Assistance Program of PACE-D in 2013 at 3000 GW 
suggesting that just about 1.2% of the potential capacity has 
been installed so far. This 3000 GW comprises of primarily 
Wind and Solar power with Biomass and Small-hydro power 
contributive very small fraction to the total capacity. The 
figure of 3000 MW, however, appears to be on the higher 
side if one goes by governmental statistics. As per Indian 
government estimates, the total potential capacity of 
renewable power in India was about 147.615 GW on 31st 
March 2014. Of this, wind power is at the top with about 
70% (102.272 GW) being its potential followed by about 
13% (19.749 GW) in the case of small-hydro power 
potential, about 12% (17.538 GW) through bio mass and a 
little over 3% (5 GW) through bagasse based co-generation. 
The state-wise break up of this potential is given in the 
figure below.
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The total estimated capacity is not consistent across 
estimates. Given below is another estimated for the year 

2011 that differs significantly from the one above.

The question confronting any researcher looking at low cost 
energy is whether renewable energy costs are comparable or 
less than that from other sources and whether there is scope 
to increase energy efficiency in a given country (India). The 
Figure below presents such a comparison with respect to 
fossil fuel power cost range. IRENA (2015) demonstrates 
that the cost competitiveness of renewable power generation 

techniques has improved over the years with wind power, 
hydro-electric power, power from biomass and geothermal 
being capable of producing electricity at prices comparable 
to fossil fuels. The most impressive has been the case of 
solar photo voltaic cells where the levelised cost of 
electricity halved from 2010 to 2014 making it increasingly 
competitive at the utility scale too.    
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The prevailing costs and the cost advantages are not the 
same all over the world. The Figure below gives this 
comparison in terms of weighted average cost expressed in 

US Dollars/kWh for utility scale fossil fuel power and 
renewable technologies in 2013-14 for different regions of 
the globe.  

India being an Asian country is likely to see lowest costs in 
the case of energy from Bio-mass, hydro power and wind 
power with the costs of power from solar photovoltaics 
being higher as compared to fossil fuel power costs. This is 
further substantiated when one examines data relating to 

China and India. Once again power from biomass and wind 
energy (on shore) are seen to be the most competitive among 
all renewable technologies with hydroelectric power also 
being equally competitive in the China and India region.  
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The data compiled suggests that Indian could consider 
Electricity from Biomass, Hydroelectric power and Wind 
energy (onshore) as equally competitive sources of low cost 

electricity in the near future. This is also supported by the 
fact that India proven experience in renewable energy. 

With China making big investments in renewable energy, 
India can consider the proposition of investing in low cost 
options of renewable energy as an option for addressing the 
needs of the poor in India. As far as wind power is 

concerned, China is the world leader while India is at the 5th 
place in terms of cumul;ative installed capacity as shown in 
the figure below. 
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China remains at the top even in terms of net capacity addition to wind power in 2013 as shown below:

IRENA (2015) cites Blanco (2009), Estimates on Climate 
and Renewables (2013) and UNFCC, CDM database to 
show that the biggest cost for on shore wind power, turbine 
cost, can be 64-74% of installation costs. Further, wind 
power does provide a very wide range in terms of installed 

capacity with the cost going down as the installed capacity 
increases. Given below is the variation in installation costs 
observed in India for wind farms producing less than 5 MW 
power.
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Besides the cost benefits India enjoys in better utilizing 
wind power, Indian industry also needs to improved power 

efficiency as should by the Figure below:

In all the four industries, Indian's performance is below that 
of the other countries listed. Quite clearly, this is another 
area Indian industry needs to focus on if power scenario in 
the country has to improve. 

Conclusions and Proposed Solution

Despite great strides made by the Indian power sector, the 
following emerge as areas for improvement:

1. Per capita power consumption in India is far below 
that of developed countries. However the costs 
involved in raising per capita power consumption 
in India are very high;

2. Improved power generation doesn't appear to have 
benefitted the poorest of the poor Indians;

3. Transmission and Distribution (T&D) losses 
remain very high in several Indian states;

4. States with high T & D losses report poor cost 
recovery suggesting occurrence of power thefts;

5. The need is for low cost energy where India has a 
clear advantage of technology and experience; 

6. India has great strengths in the area of wind energy, 
bio-mass energy, hydro-electric power as well as 
solar power with wind energy emerging as one of 
the best options because of high potential, 
acceptable costs and learning from experience in 
India. These strengths need to be nurtured so that 
wind energy can be tapped for uplifting the poorest 
of the poor in rural India. However, wind power is 
not a panacea for all situations.  Ryan (2009) 
presents several disadvantages of wind power that 
include:

a. Lack of consistency in power generated by wind 
turbines as they are driven by wind that does not 
provide the same force at all times leading to 
situations where ;

b. While there is much flexibility in use of wind 
energy with the range stretching from small homes 
to large communities, large wind farms are needed 
for supplying power to the large communities. For 
eg. Considering that large wind turbines can supply 
power to 475 homes when running at full capacity, 
over 2000 such turbines would be required for a 
town of 0.1 Million homes. 

Limitations of the Study and Areas for Further Research

The following emerge as limitations of this study and areas 
for further research:

1. There is a need for data comparing trends from 
different renewable energy sources over the years 
so as to benefit from faster reducing costs among 
the different renewable energy sources;

2. There is a need for a detailed analysis of wind 
power costs at different levels of performance since 
wind velocity determines the effectiveness of wind 
turbines.
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