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Background to this type of empirical study
• The question whether the unbundling of power systems is 

economically justified has been receiving attention in recent 
years. 

• This is because the costs and benefits of power sector reforms 
can now be investigated empirically on the basis of nearly twenty 
years of experience around the world.  

• The case for reforming power sectors can no longer be based on 
an ideology of liberalization, privatization and competition, as 
during the 1990s. 

• The lessons of experience to date with power sector reform have 
been too hard and varied to accept now a one-size-fits-all 
prescription for reform.  

• Instead, reform programmes are expected to be designed 
specifically to suit the starting conditions of the host country and 
its power sector. 

2



Discerning the impact of unbundling in general
• Unbundling is not an end in itself, but rather an early stage in a 

series of reform stages.  
• Impacts are most evident from a combination of unbundling 

the supply chain – both vertical and horizontal, regulatory 
reform, private participation, and competition in the market.  

• The paper refers to experience in the United States and to 
other studies into the Indian experience of the impact on 
performance of coal-fired generation plants from unbundling 
and other reforms.  The experience of other countries, such as 
England and Wales, and Australia could also be relevant.  

• Note S. Korea (KEPCO) unbundled its generation plants into six 
companies by type of generation, including one thermal power 
genco, but KEPCO is considering rebundling these companies.  
Korea undertook the same sort of unbundling as in India – by 
function but not by ownership. 
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Some more background to unbundling of Indian SEBs
• Unbundling of SEBs generally involved vertical unbundling of G, 

T and D, horizontal unbundling of distribution, and separate 
gencos for hydropower and thermal power plants.  

• Unbundling of SEBs was accompanied by a new way for trading 
bulk power, whereby the state transco has taken on the role of 
single buyer and seller of wholesale power.  

• Gencos now sell power to the transco at arm’s length trading 
arrangements.  Gencos also sell directly to large users with 
third party access to networks.  

• The transco also buys bulk power from IPPs and the central 
power generators, who provide some competition for the state 
gencos when total available power supply is sufficient to meet 
demand and – important in the Indian context – power plants 
are dispatched according to merit order. 

RFF 2011 Energy Policy Symposium

4



The following two studies not mentioned in the paper 
benchmark the technical performance of thermal power plants:

• W.H.J. Graus, M. Voogt, E. Worrell. International comparison of 
energy efficiency of fossil power generation. Energy Policy 35 
(2007). 

• W.H.J Graus, E. Worrell. Trend in efficiency and capacity of fossil 
power generation in the EU. Energy Policy 37 (2009). 

Graus et al (2007) compared the energy efficiency of fossil-fired 
power generation for Australia, China, France, Germany, India, Japan, 
Nordic countries aggregated, South Korea, United Kingdom and 
Ireland, and United States.  Together these countries generate 65% of 
worldwide fossil power generation.  
The study calculated separate benchmark indicators for the energy 
efficiency of natural gas, oil and coal-fired power generation, based 
on weighted-average energy efficiencies.  In 2003, these efficiencies 
averaged 35% for coal, 45%, for natural gas, and 38% for oil-fired 
power generation over all the countries. India had the lowest average 
of about 30%. 
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Trends Efficiency of coal-fired power production for largest producers 1990-2003 

Source: W.H.J. Graus, M. Voogt, E. Worrell. International comparison of energy efficiency of fossil power generation. Energy 
Policy 35 (2007).
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Models that examine the impact on generation of unbundling
• The two models described in the paper use a group of plant level 

control variables that measure equipment characteristics (age, 
capacity), an unbundling dummy, and fixed effect variables for 
plants and time.  The second model also uses a variable to 
represent the time elapsed since unbundling.  

• Noticeable is the absence of variables representing the drivers of 
plant operational efficiency and availability, especially cash required 
for efficient fuel procurement and for financing investments to 
improve technical performance.  

• The absence of such variables may help explain the lack of impact 
of unbundling on plant technical performance that is reported in 
the paper.  
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Models that examine the impact on generation of unbundling, cont. 
These variables may include: 
• changes in the price of coal delivered to plant gate (major input), 

including transport cost and taxes, in constant price terms. 
• changes in the price paid for dispatched energy (output), in constant 

price terms;  
• the ratio of these prices could be used instead of separate price 

variables. 
• changes in the supply/demand balance for power to reflect competitive 

from central power producers and IPPs, as reflected in the following 
variables: 
• the growth rate of power sales to reflect need for the output (demand)
• the proportion of total bulk power in the state supplied from non-SEB 

plants, including central power suppliers and IPPs (supply).
• introduction of the Availability Based Tariff in 2002 to regulate supply of 

power to the power grid; stops out of merit order running of costly state 
thermal power plants, which reduces the load factors of these plants. 
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The impact of power sector reform on Indian state power supply 
is shown in another draft paper (to be published soon).  
• The paper measured the impact of reform on load factor of state 

thermal plants, T&D losses, generation of power, average electricity 
price, industrial electricity price, ratio of industrial to domestic 
electric prices, ratio of industrial to agricultural prices, industrial 
electricity consumption. 

• The paper used the following explanatory variables: presence of IPPs, 
autonomous regulatory agency, unbundling of G, T and D; the first 
tariff order; open access to the T&D network; and privatization of 
some of the distribution segment.  

• The paper found significant results.  Notably, power load factor was 
found to be positively significantly affected by unbundling, tariff 
orders, ratio of industrial to agricultural power prices, and to be 
negatively significantly affected by hydropower generation.  

• The paper concludes that reform has positive impacts once IPPs, 
regulator, and unbundling occur.  These impacts increase as more 
reform stages are undertaken beyond unbundling.  
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