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Preface 

Electricity plays a critical role in economic development and in reducing poverty. But the 
production and use of electricity also has the potential of generating adverse environment 
impacts if not managed properly. Recognizing the links between electricity development 
and the environment, the Bank, in cooperation with the Government of India and the state 
governments of Karnataka and Rajasthan, implemented assessments of environmental 
policies in the Power Sector in the Indian states of Karnataka and Rajasthan. This work is 
designed to examine and quantify a broad number of options for reducing the 
environmental impacts of power development in general and power reform in particular. 
The strategic objective is to provide the analytical basis for assisting the states of 
Karnataka and Rajasthan to develop power sector policies and strategies that are 
environmentally sustainable.  

These assessments are a follow-up to the broader study of Environmental Issues in the 
Power Sector (EIPS), funded by United Kingdom’s Department for International 
Development (UKDFID).  This work concluded, inter alia, that power sector reform is 
the most effective option to manage the adverse environmental impacts of power 
development because of the incentives it provides for improving efficiency in the 
production and use of power; and for implementing mitigation options in combination to 
maximize the impact.  The EIPS work was completed in 2000 with a set of dissemination  
workshops in several Indian states as well as in Delhi.  

While the main purpose is to present a long-term strategic options for the power sector 
that take into account environmental aspects, it is also meant to validate both the 
methodology developed under EIPS, and its main conclusions. While validating the 
robustness of the methodology developed under EIPS, the assessments reinforce the 
conclusion of EIPS that power sector reform and restructuring generate local and global 
environmental benefits in addition to the more generally recognized economic, financial 
and customer service benefits. These environmental benefits promote better health and 
improved quality of life. 

The conclusions were presented at workshops in Rajasthan and Karnataka that brought 
together a wide audience of stake-holders, including decision-makers, technical staff of 
the public sector energy and environment institutions, power regulator, the power 
utilities, and NGOs. The goal of the workshops was to raise awareness about the 
environmental impacts of power development in general and the reform program in 
particular; and about options to mitigate those impacts. The workshops also provided a 
forum for exchanging ideas about the possibilities and implications for implementing the 
findings of the work.  

Following the dissemination workshop, a short capacity building program was provided 
in both states.  This program introduced: the basic concepts involved in carrying out the 
environmental and economic analysis of power development, and the fundamentals of the 
analytical tools and process to conduct the analysis. It was attended by technical staff 
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representing the public sector energy and environment institutions, the power regulator, 
and the generation, transmission and distribution companies. 

The main counter-parts for the activity were the Energy Departments of the state 
governments of Karnataka and Rajasthan. The World Bank managed the work, with 
Mudassar Imran as the task manager; and contributed part of the funding through the 
South Asia Region.  The main source of funding was the Energy Sector Management 
Assistance Program (ESMAP). 
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Executive Summary 

 
1. This study of the long-term environmental impacts and policy options for 
power sector development in Rajasthan is one of a series undertaken by the World Bank 
in cooperation with the Government of India and state governments. It is a follow-up to 
the broader study Environmental Issues in the Power Sector (EIPS) completed in 2000 
(ESMAP/World Bank 1998).  

2. The general methodology developed for EIPS, described in detail in the 
EIPS Manual for Environmental Decision-Making (ESMAP/World Bank 1999), is used 
for this analysis. The primary distinguishing feature of the methodology is the application 
of rigorous tools for power systems planning to determine the least-cost configuration for 
a given scenario. Estimates of the environmental impacts are then based upon this 
configuration. For the Rajasthan case study, the EIPS methodology was implemented 
with Enviroplan, a model expressly designed for multi-attribute planning studies capable 
of examining large number of options and scenarios and tightly integrated with economic 
benefit-cost, financial, and multi-attribute trade-off analysis.  

3. The study begins by evaluating the impacts of the baseline reform scenario 
and then perturbs this scenario for the options examined, including a scenario of “stalled 
reform,” to enable assessment of the costs and benefits of reform. Because Rajasthan has 
already implemented significant reform measures, “no reform” (as used in the original 
1998 EIPS study) is not a useful scenario. Each of the options and scenarios is evaluated 
on the following attributes: 

• tariff (quantified as the average levelized tariff over the planning 
horizon) 

• economic efficiency (quantified as the net present value (NPV) of 
the net economic benefits) 

• reliability (quantified as the NPV of unserved energy) 

• environmental objectives (including minimization of greenhouse 
gas (GHG) emissions, acid rain precursors, health damage due to 
air emissions, and so forth) 

• consumptive water use (Rajasthan being a drought-prone state) 

• government revenue (magnitude of subsidies required, or 
dividends received) 

4. The environmental impacts are expressed both as physical attributes (for 
example, as particulate matter of 10 microns diameter or less emitted, or lifetime GHG 
emissions) and as environmental damage costs, assessed based on a recent World Bank 
study of Bombay (Lvovsky and others 2000). While the limitations of the benefit transfer 
method are recognized, the monetization of damage costs provides a useful additional 
dimension to the economic analysis. The critical insight of this study is that the damage 
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costs (expressed in rupees per kilogram) of emissions from grid-based fossil plants, 
which generally are located in remote locations and whose emissions are relatively easy 
to monitor and enforce, are between one and two orders of magnitude smaller than those 
of captive and self-generation units, emissions from which are essentially uncontrolled 
and occur in more populated areas at or near ground level. 

 

The long-term prospects 

5. If present trends continue, coal will provide the bulk of new capacity 
additions in Rajasthan, resulting by 2021 in a coal-based power sector as shown in Figure 
1. There are doubts whether even this can be achieved, however. The Kota and Suratgarh 
coal-based power stations are successful projects, but the long distances to coal mines 
and the increasing difficulties and costs of coal shipment by rail make further projects of 
this type unlikely. The cost of rail transportation to Rajasthan already exceeds the ex-
mine coal price; if this option therefore were to be excluded on the grounds of cost, 
realization of a coal-based future would mean the use of coal-by-wire via high-voltage 
direct current (HVDC) transmission, fed by mega-projects sited in eastern India. 

Figure 1. The long-term outlook for Rajasthan? 
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6. Such a coal future is described in various studies by the Central Electricity 
Authority (CEA) of the Indian Ministry of Power, but most notably in a 1999 study of the 
long-term future of the all- India power sector (CEA 1999). The study, conducted in 
connection with the 2,000MW Talcher Stage II project that provides for an HVDC link to 
Bangalore, identified three major HVDC links as being least-cost for India as a whole by 
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2015. One of these is a link from the coal-producing areas of Orissa and Bihar to Jaipur, 
which suggests a 5,800MW HVDC transfer to Rajasthan by 2015. The Talcher II project 
is underway but progress on the other projects has been slow. There are well-recognized 
problems associated with bringing such large projects to reality. 

7. The coal-by-wire option would shift from Rajasthan to the producing 
states the environmental impacts that are associated with coal generation. It may well be 
that the producing states will as a result have to impose much higher coal royalties 
(typical coal royalties are Rs 90/ton, or about 10 percent of the production cost of an F 
grade coal priced at Rs 870/ton).1  It is also likely that coal-producing areas would 
encounter water resource constraints: while Rajasthan is a drought-prone state for which 
the opportunity costs of consumptive use are higher than in the eastern states of Bihar and 
Orissa, it is unclear if mine-mouth projects in Bihar and Orissa could serve the bulk of 
the power needs of both southern and northern India in the decade 2010–2020.2 
 

Major findings 

8. The major findings of this study may be summarized as follows: 

• Power sector reform is the single most important step that may be 
taken to mitigate the environmental impacts of the power sector. 
The difference in emissions (and damage costs) between reform 
and stalled reform far exceeds the difference across all other 
options, such as DSM or the use of renewables (see Figure 2).  

• Figure 3 illustrates the findings of the distributional analysis done 
for each of the options and scenarios examined. Each bar 
represents the financial impact on the stakeholder, with taxes and 
transfer payments aggregated to yield the total economic benefit. 
The further addition of environmental benefits yields the social net 
benefit.3  Consumers are divided into two groups: those who pay 
the extant tariff, and pilferers. The only (significant) winners of 
stalled reform are the pilferers, who would benefit from the failure 
to further reduce non-technical losses. Unless the reforms progress 
to completion, all other stakeholders, including the environment, 
would lose. 

                                                 
1  For this reason, this study considers not just the environmental impacts of power generation within 

Rajasthan, but also of power projects in states that could serve Rajasthan. 
2  Part of the explanation is that stalled reform results in the failure to realize the benefits of variables 

such as no further decrease in rates of technical or non-technical transmission and distribution (T&D) 
loss reduction; no further changes in (real) tariffs; no independent power producers (IPPs) reaching 
financial closure; and no trading of short-term surplus/deficits with power trading corporations (PTCs). 

3  GHG emissions are valued on the basis of an avoided carbon cost of US$15/ton. 
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Figure 2. Environmental damage costs versus net economic benefits  
(net present value, in Rs 10 millions) 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

Figure 3. Stalled reform: Distribution of costs and benefits 

 
• Tariff reform is the second most important policy option for 

environmental sustainability. In most states, even with reform the 
projected tariff structure (that is, the relative price for each 
consumer category) would far from match the cost of supply. This 
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remains true even if the overall level of the tariff is increased to 
levels that restore creditworthiness. If price-elastic behavior is 
factored into a tariff structure reform in which the high-tension 
(HT) tariff is below the average tariff, industrial consumption 
increases and agricultural consumption decreases, improving the 
incentives for DSM and resulting in a shift to less water- intensive 
cropping patterns and water management techniques. This effect is 
multiplied by higher transmission and distribution (T&D) losses 
for low-tension (LT), even when T&D losses are at economically 
optimal levels. 

• Demand-side management is win-win. The priority for DSM 
should be in the subsidized sectors (agriculture and household), 
since every kWh that is not sold to these sectors implies a financial 
gain to the power companies. There is much potential for private 
sector participation through energy supply companies (ESCOs). 
Unlike other options such as the importation of coal or gas, which 
require actions and negotiations with other parties, initiating DSM 
programs furthermore is entirely within the control of decision-
makers in the individual states. 

• Over the long term, meeting peak power requirements will become 
the main issue. If reform is successful, the system load factor will 
actually decrease, meaning that the system will need a larger share 
of peaking and intermediate load plants than most states currently 
envisage. In the short term, the 2003 Electricity Act will improve 
the utilization of existing plants. Because Suratgarh performs 
substantially better than the national average, it will benefit from 
market liberalization by being able to export freely to other states 
or to the Power Trading Corporation (PTC) if asked to back down 
by Rajasthan. From a national perspective, better utilization of the 
more efficient plants is environmentally desirable. 

• Consumptive water use for thermal generation is a major issue in 
Rajasthan—the consumptive water use for thermal generation at 
Suratgarh, Kota, and the Rajasthan Atomic Power Plant (RAPP) is 
the same order of magnitude as the total municipal water supply 
consumption of Jaipur. Gas combined-cycle combustion turbines 
(CCCTs), which are attractive for their relatively low air 
emissions, significantly consume only one-third of the water that a 
steam-cycle project uses. 

• The fear of some officials that the open-access provisions of the 
2003 Electricity Act will permit captive units to increase their 
generation and to trade to third parties, thus eroding the revenue 
stream from the highest-paying customers and lead increasing 
environmental damage costs, is unfounded. As long as the national 
government maintains its diesel-pricing policy, the variable costs 
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of diesel-based generation will continue to exceed the HT 
industrial tariff.  

• Lignite development is economic, in part because it avo ids the 
high cost of domestic coal transportation. Its potentially high sulfur 
emissions—Rajasthan lignite has sulfur concentrations in excess of 
5 percent, which is significantly higher than those of lignite from 
south India—can be avoided through the use of fluidized bed 
combustion with limestone injection, a clean coal technology that 
has been demonstrated at a commercial scale in Gujarat. The 
remote location of lignite projects, which necessarily are mine-
mouth, in any event implies low environmental damage costs.  

• The Mathania solar thermal project, even if successfully 
implemented, is not economic. The Global Environment Facility 
(GEF) will cover part of the incremental costs, but even so the 
avoided externality costs do not make up the high costs of the 
project. Unlike the case of wind power, there is no large-scale 
global research and development and commercialization 
commitment to solar thermal technology, so Mathania is likely to 
be a one-off project that is unlikely to lead to a sustainable power 
sector development path. 

• Over the long term, Rajasthan is well placed geographically to 
benefit from any gas pipelines that originate in Iran, the Arabian 
Gulf, or the Central Asian region. If the price of gas can be 
decoupled from liquid fuel equivalence (to achieve a delivered 
price of around US$3.5/MBTtu), gas will be the preferred long-
term option. This is particularly true in the drought-prone 
Rajasthan, given the fact that the consumptive water use of gas-
fired CCCTs is much lower than that of lignite-based generation. 
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1 
Introduction 

Background 

 
1.1 The World Bank is implementing a study program of the environmental 
issues facing the power sector of India. The objective of the program is to identify 
environmentally sustainable development options for the sector and to demonstrate the 
linkages between policy choices and long-term changes in the environment. 

1.2 Comprehensive case studies of Andhra Pradesh (Administrative Staff 
College 1998) and Bihar (Scada 1998) were completed in early 1998, and a first synthesis 
report was published later that year as part of the World Bank Environmental Issues in 
the Power Sector (EIPS) study (ESMAP/World Bank 1998). A smaller study of Haryana 
that applied the EIPS methodology was completed in 1999 (IDEA 1999), and two further 
studies are being conducted in 2003: that of Rajasthan (described in this report) and a 
similar study of Karnataka. The Haryana, Karnataka, and Rajasthan assessments lack the 
comprehensive supporting background studies of the original AP and Bihar assessments.4  

1.3 The scope of EIPS and of this study is limited to assessment of the policy 
options for grid-connected electricity and of the environmental issues associated with 
these options. There are many related issues that undoubtedly are important, such as the 
environmental impacts associated with indoor air pollution from cooking fuels or 
kerosene lighting, but these lie outside the terms of reference agreed with the 
Government of India. The renewable energy options considered in this report are those 
whose main role is the supply into the grid (wind, solar thermal), rather than those that 
have a decentralized rural application, such as the use of biogas or the replacement of 
kerosene lighting by photovoltaic-based solar systems. 

1.4 The objective is to identify the major options for power sector 
development in Rajasthan and the main environmental concerns associated with each. 
This is not a study of the environmental problems at existing projects, nor is it a study of 

                                                 
4  For this reason the Haryana Assessment was termed a “rapid assessment.” The studies now underway 

for Rajasthan and Karnataka were also denoted rapid assessment in light of their similar approach. 
“Rapid Assessment” however has a specific meaning within the statutory process of environmental 
clearance, and we therefore avoid this term here. 
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the financial aspects of power sector reform and restructuring , nor of the institutional 
dimension of reform.  

1.5 This is a study of the long term, a perspective that is often lost in the 
debate over the short-term problems that currently beset the power sector. The sort of 
long-term strategic issues that are the focus of the study are best illustrated by example: 

• The 2003 Electricity Act introduces some fundamental changes 
into the power sector, notably through freeing generating 
companies to sell to third parties. This would allow, for example, 
generating companies such as Rajasthan Rajya Vidyut Utpadan 
Nigam Ltd (RRVUNL) to sell to the PTC or other state electricity 
boards (SEBs). Should payment from these potential customers be 
more immediately forthcoming than from the Rajasthan SEB or 
transmission company (TRANSCO), or should the demand pattern 
within the state require backing down, there is a clear likelihood of 
this happening.5  

• The Electricity Act also permits open access to the transmission 
grid. This will enable captive units to sell power to third parties 
without hindrance, thus introducing the likelihood that sales by the 
distribution companies (DISCOs) to the highest tariff industrial 
customers will fall. The extent to which this would occur in 
practice is strongly dependent upon the diesel fuel pricing policy of 
the GoI. 

• Rajasthan has few hydro resources. If a satisfactory thermal-hydro 
mix is to be maintained, shares in hydro projects in Himachal 
Pradesh (HP), Uttranchal, and Uttar Pradesh (UP) must be 
obtained, either as part of National Hydro Power Corporation 
(NHPC) projects or as independent power producers (IPPs). In the 
short term, the only other option for peaking power is liquid-fueled 
or gas-fueled combustion turbines. Since unconstrained system 
load factors are likely to be around 0.6, capacity additions need to 
be in an appropriate mix. The bulk of capacity additions cannot 
simply be in base load plants whose target plant load factor (PLF) 
is 80 percent or more. 

• Rajasthan is one of the most drought-prone states in India. Depths 
to groundwater tables are greater than elsewhere and are rapidly 
increasing, with the result that agricultural electricity use per unit 

                                                 
5  The key provision is Section 10 (2), which states that: 

A generating company may supply electricity to any licensee in accordance with this Act and the 
rules and regulations made thereunder and may, subject to the regulations made under subsection 
(2) of section 42, supply electricity to any consumer. 
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of water delivered is also higher than in other states.6 The 
generation of 1kWh by a steam-cycle power plant requires the 
evaporation in the cooling towers of about 3.75 liters of water, so 
the consumptive use of water for power generation clearly is a 
major issue. As noted in a recent World Bank study, the 
overexploitation of groundwater has become a critical issue: in 
several basins net extraction vastly exceeds resupply (World Bank 
2000). 

• Lignite is one of the few resources that is immediately available to 
Rajasthan, but the high moisture content of the state’s lignite 
mandates mine-mouth development. Rajasthan’s lignite is also 
characterized by an unusually high sulfur content of 5 percent.7  
Even if lignite generation were to be located far from Rajasthan’s 
major population centers, conventional technology is inadequate to 
bring sulfur emissions to acceptable levels. The use of fluidized 
bed combustion (FBC) technology does, however, present a way 
by which the state might utilize its lignite resources. This 
technology requires the direct injection into the combustion 
chamber of limestone; by converting the sulfurous oxides to 
gypsum FBC can reduce SO2 emissions by 80–90 percent without 
the need for post-combustion flue gas desulfurization (FGD). Two 
questions are raised: What are the environmental and economic 
consequences of developing this resource, and what are the 
implications for consumptive water use? 

• While short of water, Rajasthan has an outstanding solar insolation 
resource. Rajasthan, and specifically the Thar desert, is often 
identified as a potentially ideal location for thermal solar and even 
large-scale PV power generation. 8  Unfortunately, in the short  to 
medium term the economics of solar technologies are 
unfavorable—even as potential Global Environment Facility 
(GEF) projects or Clean Development Mechanism (CDM) projects 
of the Kyoto Protocol, their avoided costs of carbon are extremely 
high compared to those of other available options. Rajasthan in any 
case would struggle in the short and medium term to bear even 
modest incremental costs. It is arguable, in fact, that it is 
incumbent on the wealthier industrial countries such as Australia 
and the United States to first demonstrate solar technologies. Only 

                                                 
6  It is estimated that in the central areas of the state, average depths to the groundwater table declined 

from 3 meters in 1984 to more than 10 meters in 1994 (World Bank 2000). 
7  This is significantly higher than the sulfur content of the Neyveli lignite resources in Tamil Nadu, 

where sulfur contents are typically less than 1 percent. 
8  See, for example, Kurokawa and Kato (2003). The Thar desert is estimated to have a theoretical PV 

generation potential of 14,000GW. 
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in the longer term, say beyond 2015, will these technologies 
become commercially competitive. 

• There may be opportunities for Rajasthan to profit from a range of 
mechanisms related to climate change, including potential projects 
suitable for implementation under CDM, the Prototype Carbon 
Fund (PCF), or carbon trading. What are these opportunities for 
Rajasthan, and what are their costs and benefits? For example, 
while Rajasthan’s wind resources are relatively modest, the 
reduction of the capital costs of wind power generation is much 
more certain than is the reduction of the costs of thermal solar 
power, and in the short-term wind power may well be a more 
affordable renewable energy option than solar thermal. But unless 
the GoR undertakes a proactive role in seeking out such 
opportunities, however, they will pass to others. 

• Natural gas, despite perceptions of its high cost and limited 
availability, remains an important option for the long term. The Oil 
and Natural Gas Corporation (ONGC) has recently made 
encouraging gas finds in Rajasthan, although in general Rajasthan 
gas a calorific value that is less than 50 percent of that of most 
offshore gas finds. The natural gas picture for India as a whole has 
improved significantly with the large natural gas finds in the 
offshore Krishna-Godaveri basin of Andhra Pradesh, and supplies 
also may become available in the Hazira-Bijaipur-Jagdishpur  
(HBJ) pipeline. Rajasthan additionally bestrides the logical routes 
should gas ever be brought to northern India from Central Asia, 
Iran, or the Gulf states. Power generation from natural gas is an 
important option for environmental reasons, but above all also for 
its minimal water requirement: a modern gas-fired combined cycle 
plant uses only one-third of the water used by a coal or lignite 
steam-cycle plant. 

• It is widely understood that investment in transmission and 
distribution (T&D) has lagged behind investment in generation, in 
Rajasthan as elsewhere, and the upgradation and improvement of 
the subtransmission and distribution network is critical for the 
restoration of financial viability to the power sector. While most of 
the short-term emphasis is on remedial work and the reduction of 
commercial losses, what should be the long-term target for 
technical losses?  

• Although progress on demand-side management (DSM) options 
has been modest, many of these have low investment requirements 
and short gestation periods, and offer quick payback. Some of 
these DSM options require only a third of the capital investment 
per MW of new generation capacity.  
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• The domestic sector is also responsible for the evening peak, the 
culprit in this case being the ubiquitous incandescent light bulb. 
This consumes four times the power consumed by an equivalent 
CFL (compact fluorescent lamp), but continues to be favored, due 
largely to its low first cost. 

• Tube lights are popular in commercial applications and to a limited 
extent in domestic applications. Most of these tube lights use 
inefficient iron core chokes that consume 13–15W of power for a 
40W-tube light, thus raising the total consumption to about 54W. 
An electronic choke uses less than 1W and thus would save 13W 
for every tube light. Again, ignorance of the benefit of the more 
efficient alternative and the high first cost are the major issues 
constraining uptake. A concentrated policy to replace old chokes 
with new electronic chokes would significantly reduce the peak 
load. 

• Inefficient agricultural pump-sets constitute a well-known area of 
inefficiency, and the quantity of electricity used by this sector is 
high. The average pump efficiency is only about 20 percent, yet 
most pumps could easily be replaced by a smaller, 40-percent-
efficient pump that would deliver the same quantity of water. The 
problem in this case is that farmers receive essentially free power 
(or power charged at a flat rate for which cost is unrelated to 
consumption) and therefore have no incentive to adopt the more 
efficient pump. A way must be found to tap this potential energy 
saving, perhaps through third-party financing. 

1.6 The distinguishing feature of most of these issues is that their resolution 
involves trade-offs, although some may well be win-win. The purpose of this study is not 
to resolve the trade-offs, but to develop the information in a form, including the benefit of 
transparent and quantitative indicators, such that these trade-offs may be more easily 
made by policy-makers and government. 

1.7 However, although the emphasis in this study is the quantification of 
energy–environmental trade-offs, not all aspects of their resolution are quantifiable. The 
basic presumption of the analysis presented here is that environmental standards are and 
will be met, and that adequate monitoring and enforcement procedures are in effect. The 
fossil- fuel generating stations in Rajasthan are generally in environmental compliance, 
but other EIPS case studies have underscored the importance of the relationship between 
proper maintenance of pollution control equipment and the financial condition of the 
plant owner: generating companies that find themselves in acute financial stress rarely 
have the resources to put sufficient emphasis on environmental considerations. 
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Study methodology: overview 

1.8 The study methodology developed for EIPS is summarized in the 
synthesis report and elaborated in some detail in the Manual for Environmental Decision-
Making (ESMAP/World Bank 1999). Its distinguishing feature is the application of 
rigorous tools for power systems planning that determine the least-cost configuration for 
a given scenario, upon which are then based estimates of the environmental impacts.9  
Figure 1.1 shows the general scheme: the special studies shown on the left (A to G) were 
conducted in 1997 as part of the original EIPS study, while the steps on the right are 
implemented in each state case study. 

Figure 1.1. The EIPS methodology 

Source: EIPS 
 
1.9 The first step is to define the criteria by which the trade-off analysis is to 
be conducted, for which we have selected the following: 

                                                 
9  The question of the best methodological approach for EIPS and its case studies was discussed at a 

Seminar of Indian and International Experts in Delhi in late 1996. General equilibrium models were 
considered as the overall modeling framework, but the consensus view was that a bottom-up power 
systems optimization approach was preferable, given the specific focus on power sector policies at the 
state level. 
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• Economic efficiency. This is the traditional objective of power 
system planning, which attempts to find that power sector 
development path (or “capacity expansion plan”) that minimizes 
the economic cost of meeting a given load forecast over some 
planning horizon (usually quantified as net present value (NPV) at 
a discount rate set equal to the opportunity cost of capital).10  

• Financial burden on government. A primary objective of Indian 
power sector reform is to reverse the large government subsidies of 
the past. In the case of Rajasthan, it is estimated that reform will 
reduce annual (revenue) subsidies from Rs 15.78 billion in fiscal 
2001 to zero by fiscal 2009.11   

• Supply quality. The trade-off between reliability and cost is 
important even in traditional power systems planning, but in the 
context of power sector reform it is more important still. 
Improving the reliability of supply to the consumer is one of the 
main objectives of reform. 

• Tariff level. In the short run, the dominant tariff issues—among 
which the level of the agriculture tariff stands foremost—are how 
to balance the tariffs among the various consumer groups and how 
to reduce the extent of cross-subsidies between them. These are 
short- to medium-term issues that lie beyond the scope of this 
study, however. For the study we need a single measure that can 
capture the main impact on average tariff level, and for which we 
can calculate the revenue requirements (based on zero subsidy and 
16 percent return on equity) divided by units sold, and 
appropriately levelized.12  

• Local environmental impacts. In the original EIPS study design, 
local environmental impacts were captured by the simple proxy of 
emissions, assuming compliance with existing environmental 
standards. Thus emissions are calculated for total suspended 
particulates (TSPs), SO2, nitrogen oxides (NOx), and solid waste, 

                                                 
10  In the earlier EIPS studies, this objective was captured by the present value (PV) of system costs to 

meet a given load forecast. This ensures the economic optimum only if the level of benefits remains 
unchanged. When different options have different levels of unserved demand (which implies a change 
of consumer benefits), one must either adjust the PV of system costs by the change in benefits, or 
express the entire analysis in terms of economic benefits. This is discussed further in Section 3. 

11  According to PriceWaterhouseCoopers (PWC, 2002), the financial consultant to the State’s Reform 
program, the revenue deficit peaked in fiscal 2000 at Rs 16.78 billion, falling slightly in fiscal 2001 to 
Rs 15.78 billion and to Rs 12.53 billion in  fiscal 2002. 

12  Although we use the aggregate average levelized tariff as the main attribute, it should be noted that the 
model has a detailed representation of sales, tariffs, and non-technical losses disaggregated by major 
consumer class (domestic, commercial, low-tension industrial, high-tension industrial, agricultural, and 
so forth). 
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treated as separable attributes. However, attention increasingly is 
being given to the monetary valuation of the concomitant damage 
costs, and this study therefore also estimates these costs, and 
includes them in the economic efficiency criterion, using the 
indicative damage cost estimates of the World Bank “Six Cities” 
study (Lvovsky and others 2000). The Six Cities study included 
detailed estimates of the damage costs in Bombay. 

• Consumptive water use. Given the high opportunity costs of water 
in a drought-prone state, the total consumptive use of thermal 
generation within Rajasthan is calculated.13   

• Greenhouse gas (GHG) emissions. As an objective, the reduction 
of GHG emissions is quite different from the reduction of local 
environmental impacts. The economic damages that result from 
local air, water, and solid waste emissions in Rajasthan fall largely 
on Rajasthan itself (although in the case of the acid rain precursors 
SO2 and NOx, these damages to some extent also fall on other 
states, and are therefore critically dependent upon location). 
However, the damages caused by GHG emissions are independent 
of the location of their source, and therefore the simple attribute of 
lifetime GHG emissions serves as the relevant measure. 

Table 1.1 summarizes the way in which each of these attributes is quantified in this study. 
The issues of how some environmental costs are internalized, while others are accounted 
for as externalities, are discussed in Section 3. 
 
1.10   For this case study, the EIPS methodology is implemented with 
Enviroplan, a model expressly designed for multi-attribute planning studies capable of 
examining large number of options and scenarios, and is tightly integrated with benefit 
cost and multi-attribute trade-off analyses resident in the master spreadsheet. Enviroplan 
has been used in numerous applications over the past few years,14 including BC Hydro 
(Canada), Sri Lanka (GHG overlay study), Haryana (Economic Analysis of World Bank 
Reform Program), and Andhra Pradesh (USAID integrated resource plan and the World 
Bank economic analysis of the Power Sector Reform Program). Figure 1.2 provides an 
overview of the major building blocks of the model. 
 

                                                 
13  Coal plants may be assumed to consume 3.75 liters/kWh; nuclear plants 4.5 liters/kWh; and combined-

cycle plants 1.5 liters/kWh (since a typical 100MW CCCT has 60MW of combustion turbine and a 
40MW steam cycle unit). 

14  The best introductory documentation is “Introduction to Enviroplan, Workshop Workbook” (British 
Columbia Hydro 1996) or the published Appendix F of the 1995 BC Hydro Integrated Energy Plan 
(British Columbia Hydro 1995). The model is also described in Incorporating Environmental 
Concerns into Power Sector Decision-Making: A Case Study of Sri Lanka (Meier and Munasinghe 
1994). 
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Table 1.1. Attribute definition 

Attribute  Measure Discussion Where calculated in the 
modeling framework  

(see Figure 1.2) 
Economic 
efficiency 

NPV (economic 
benefits) 
 

See text, Section 3 ECONOMIC ANALYSIS 
MODEL 

Supply quality PV (unserved energy) While generation loss of load 
probability (LOLP) is often 
used to express generation 
reliability, unserved energy at 
the consumer is a better 
indicative criterion 
(particularly where most of 
the interruptions experienced 
by consumers are related to 
distribution system failures) 
 

DISPATCH MODEL 

Government 
subsidy 
 

PV (government 
subsidies required)  
 

This is calculated as the cash 
subsidy required to balance 
annual revenue requirements  

FINANCIAL MODEL 

Tariff level Levelized average 
tariff (Rs/kWh) 
 

 FINANCIAL MODEL 

Local air 
emission 
 

(i)Emissions (as PV of 
tons/year) 
 
(ii)PV of annual 
damage costs 
  

Damage cost estimates based 
on the World Bank Six Cities 
Study (see Section 3 for 
details) 

DISPATCH MODEL  
(damage costs in 
ENVIRONMENTAL 
ANALYSIS) 

Consumptive 
water use 

PV (quantity) as 
millions cubic 
meters/year 
 

 DISPATCH MODEL 

GHG 
emissions 

(i) undiscounted tons 
of carbon over the 
planning horizon 
 
(ii)discounted 
emissions 

Undiscounted emissions are 
used for consistency with 
GEF practice. However there 
are consistency problems 
with a criterion whose 
numerator is undiscounted 
and whose denominator is 
discounted. Results therefore 
are also displayed in 
discounted terms to permit 
valid comparisons with other 
(discounted) objectives. 

DISPATCH MODEL 
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Figure 1.2. The Enviroplan model 
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1.10 The modeling sequence begins with specification of existing DSM 
programs and renewable energy projects (analyzed in their own independent 
spreadsheets). These are considered as perturbations of the load curve; the load curve 
impacts are also assessed in a special spreadsheet. This information is passed to the 
demand forecast, which can take user-specified forecasts (such as that of the 2001 
Government Order) or can build its own forecast based on price and income elasticities 
(prices are passed in a feedback loop from the financial model). 

1.11 A major issue in load forecasting is the treatment of unserved grid 
demand, part of which is met by captive generation in the industrial sector or by inferior 
substitutes such as kerosene for lighting, or diesel self-generation in the commercial and 
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domestic sector, and part of which remains unserved (and which therefore entails loss of 
consumer surplus).15  

1.12 Reduction of unserved demand is also one of the main objectives of power 
sector reform: much of the present shortage can be attributed to insufficient generation 
because finance for new projects cannot be obtained in the state of crisis in which most 
SEBs find themselves. Reform leads to financially healthy sector institutions, which in 
turn removes many of the financing constraints, allowing the grid supply to serve the full 
demand. Since the environmental impacts of emissions from diesel self-generation are 
substantially higher than those from grid generation, it is necessary to model these details 
of unserved demand if the environmental benefits of reform are to be properly captured 
(see also Table 3.1). 

1.13 A model for optimization of the capacity expansion plan then determines 
the least-cost configuration of generation for the planning horizon, given a reliability 
target (specified either as reserve margin or as a loss of load probability (LOLP)).16  In 
the event of constraints occurring to withhold realization of planned generation, some 
part of the unserved demand would be met by self-generation, also assessed in this 
module. For example, in the case of stalled reform, demand would not be fully satisfied 
because the IPPs would be unable to obtain financial closure. 

1.14 The environmental analysis calculates the environmental residuals, such as 
air emissions, consumptive water use, and solid waste, based on the corresponding fuel 
consumption (and assumptions about pollution controls, heat rates, and so forth). 

1.15 One of the major methodological issues is the treatment of environmental 
effects associated with imports and exports. Clearly, for Rajasthan the most desirable 
option from an environmental perspective would be for the state to import all of its 
electricity from Orissa by HVDC line. This would not make for a very useful study if that 
were the main conclusion, however, and the EIPS methodology accordingly requires 
consideration of the environmental impacts of all electricity consumed by the state, even 
if the source of supply is out of state. The model therefore keeps track of imports and 

                                                 
15  The most important point to note, and one that is often ignored, is that the unserved demand is an 

output of the modeling process, not an input assumption. Where supply is constrained, the unserved 
demand thus emerges as the difference between the total demand and what can be supplied under 
extant financial constraints (such as the escrow capacity, in the case of potential IPP projects). The 
total unserved demand then has to be allocated across the demand sectors by some policy assumption, 
such as “no cuts to agriculture,” and the residual calculated for each. Assumptions are then necessary 
about how this demand not served by the grid is reconciled—captive generation, self-generation, or 
simply not met—which implies a change (loss) in benefits. Such unserved demand must be valued 
(most conservatively at the tariff, better at the estimated loss of consumer surplus), and added to the 
total system cost. Failure to make this calculation results in an underestimate of the economic benefits 
of reform. 

16  In the Bihar and AP case studies, the ASPLAN model (the commercial version of WASP, marketed by 
Analytical Solutions of New York) was used, with reliability constraints specified as an LOLP. The 
study of Haryana used the Enviroplan model, which optimizes the capacity expansion plan on the basis 
of minimization of the present value of system costs, based on an assumed cost of unserved energy.  
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exports of electricity and the location of generation, and the summary reconciliation of 
economic and environmental costs separately identifies out-of-state impacts. 

1.16 The financial model calculates the revenue requirements necessary to meet 
the investment program and operating costs of the identified supply configuration. It is 
assumed that revenue subsidies are phased out in some target year, after which the tariff 
is endogenously determined by apportioning the annual revenue requirements to the 
various tariff categories, and determining the tariff for each group by dividing by kWh 
sold. This requires additional information about the desired structure of the tariffs (that is, 
the relation of domestic to industrial to agricultural tariffs), while the level of the tariff is 
determined by overall revenue requirements and by assumptions about the equity returns.  

1.17 The financial situation of the Rajasthan electricity sector is complex, and 
subject to many uncertainties. Fortunately, detailed financial modeling of all of the 
unbundled corporations created in the first step of reform is unnecessary for our purposes, 
since much of the difficult detail relates to the management of past arrears, to resolving 
the problems of unfunded liabilities, securitization of liabilities, and how past liabilities 
are assigned to the various successor companies, and so forth. These are mostly balance 
sheet matters that do not directly affect the choice of expansion strategy for the future 
(although failure to resolve them in a timely manner would affect the implementation 
strategy). This detail of financial engineering is in any event outside our terms of 
reference, and we have therefore simply adopted the assumptions of the Financial 
Restructuring Program on these matters.17   

1.18 The economic analysis considers the economic flows, which are 
reconciled to the financial flows and summarized in the stakeholder analysis. The 
economic analysis calculates the conventional parameters of economic analysis (net 
present value (NPV) and economic rate of return (ERR) of the investment program, 
average incremental cost, long-run marginal cost (LRMC), and so forth). Finally, the 
various attributes (environmental, financial, economic) are displayed as trade-off curves 
and the efficient options identified. This whole sequence of calculations is embedded in a 
scenario and options analysis that permits easy sensitivity analysis and comparison of 
options. 

 

Scope of report 

1.19 Section 2 provides a brief overview of the Rajasthan power sector and the 
economic, financ ial, and environmental problems that it faces. Section 3 summarizes the 
main assumptions for the study. 

1.20 The main scenarios are described in Section 4, followed in Section 5 by a 
discussion of the various options. The environmental impacts are presented and compared 
in Section 6. Section 7 presents a sensitivity analysis, and the main conclusions are 
summarized in Section 8. 

                                                 
17  The assumptions are taken from the October 2002 spreadsheets of PriceWaterhouseCoopers (PWC 

2002). 



 

 

2 
The Rajasthan Power Sector 

The Reform Process  

2.1 Rajasthan is the largest state in India, but 60 percent of its land area is 
classified as arid or semi-arid. Its population as a result is comparatively low, at 56 
million people. In 2001–2002 per capita consumption of electricity was 305kWh/year, 
compared to the all India average of 350kWh. 

2.2 In 1981 Rajasthan’s power supply was largely hydro, although notably it 
included also the 150MW contribution of the Rajasthan Atomic Power Plant (RAPP). 
Since 1983 there have been no further major hydro increases (Figure 2.1): capacity 
additions have been mainly coal (at the Suratgarh and Kota thermal power stations). 
These two thermal power stations are well run and have consistently shown above-
average plant load factors (PLF). 

Figure 2.1. Rajasthan’s installed capacity                                                               
(including shares in central sector projects)  
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2.3 In common with many other Indian states, Rajasthan’s development of the 
demand and financial side of its power sector has been poor. By the late 1990s the annual 
revenue deficit had reached an unsustainable Rs 16.78 billion (Figure 2.2) as inadequate 
tariffs and insufficient investment in T&D, leading to high T&D loss rates, poor power 
quality, and high rates of non-technical losses, combined to weaken the Rajasthan State 
Electricity Board (RSEB). 

Figure 2.2. Revenue deficits (Rs 10 millions)   

 

 
 

         Source: PWC (2002)  
 
2.4 Also in common with the situation in many other Indian states, the 
combination of poor quality of service and sharply increasing tariff hikes for industrial 
consumers led to a decline in industrial consumption in Rajasthan (Figure 2.3). At the 
same time, the proportion of the most highly subsidized agricultural consumption 
increased during the 1990s from 31 percent to 40 percent (Figure 2.4). The resulting 
erosion of revenues from this highest-tariff industrial category further weakened the 
financial condition of the RSEB.  

Figure 2.3. Industrial tariffs and sales 

 
 

     Source: PWC (2002) 
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Figure 2.4. The changing consumption mix 

 
 
     Source: PWC (2002) 

 
2.5 Over the longer term, one of the key issues of tariff design—and one that 
is related to the environmental burdens of power sector development—is how to 
recapture self-generation once shortages are eliminated and the high-tension (HT) tariff is 
more reflective of the true cost of service. 

2.6 In light of the increasingly serious financial situation, in 1999 the 
Government of Rajasthan (GoR) embarked on an accelerated reform process that saw the 
state completely unbundle in a single step. In May 1999 the Cabinet approved the Power 
Sector Reform Policy Statement, and on 25 September the Rajasthan Legislative 
Assembly passed the Rajasthan State Power Sector Reform Bill, which also established 
the autonomous Rajasthan Electricity Regulatory Commission. 

2.7 On 19 July 2000 the entire business of the RSEB was transferred into five 
companies through a statutory transfer scheme enacted under the Rajasthan Power Sector 
Reforms Act, as follows: 

• The thermal generation assets of the RSEB—notably the large 
coal-fired stations at Kota and Suratgarh—were transferred to 
Rajasthan Rajya Vidyut Utpadan Nigam Ltd (RRVUNL). This 
generating company (GENCO) will be responsible for new power 
projects in the state, including the proposed lignite development at 
Giral. 

• The transmission and bulk electricity supply was transferred to 
Rajasthan Rajya Vidyut Prasaran Nigam Ltd (RRVPNL). 

• The distribution business was transferred to three distribution 
companies (DISCOs): Ajmer, Jaipur, and Jodhpur. 
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Environmental issues 

Solid waste 

2.8 For India as a whole, the EIPS identified ash disposal as one of the main 
environmental issues facing the power sector. Rajasthan has already made remarkable 
progress in the utilization of fly ash at its major projects, and 100 percent ash utilization 
at the Kota coal-fired station is a realistic target given the progress achieved (ash 
utilization rose from 13 percent in fiscal 1999 to 41 percent in fiscal 2002). There has 
been similar progress at Suratgarh. 

2.9 At Kota, ash is being provided free of charge to potential users. Dry fly 
ash is collected in a 200-ton silo, from which it is discharged directly to closed trucks for 
delivery to cement manufacturers and other ash-based product industries. This dry-
handling approach avoids the water consumption associated with conventional wet 
disposal methods. Table 2.1 shows the actual and planned ash utilization at Kota thermal 
power station. 

Table 2.1. Ash utilization at Kota 
(million tons) 

  utilization  

FY Fly-ash 
production 

cement bricks landfill other total %utilization 

1999 11.39      13(actual) 
2000 11.39      28(actual) 
2001 11.39 2.8 0.4 0.10 0.10 3.4 30(actual 
2002 11.39 3.6 0.6 0.13 0.13 4.4 39(actual) 
2003 12 4.5 0.7 0.16 0.16 5.5 48(plan) 
2004 14 5.3 1.0 0.25 0.25 6.9 57 
2005 14 7.6 1.1 0.27 0.27 9.3 66 
2006 14 8.6 1.3 0.31 0.31 10.5 75 
2007 14 9.6 1.5 0.34 0.34 11.8 84 
2008 14 10.7 1.6 0.38 0.38 13.0 93 
2009 14 11.5 1.7 0.41 0.41 14.0 100 
Source: RRVUNL 
 
Consumptive water use 

2.10 Rajasthan is a drought-prone state and the opportunity costs of 
consumptive water use are high. Table 2.2 shows the assumptions used in this report for 
consumptive water use at thermal projects, and the estimated use of water for power 
generation in fiscal 2002.  

2.11 It is useful to compare these quantities to the quantities of municipal water 
supplied in Jaipur, which consumes about 270 million liters/day, of which some 90 
percent is supplied by groundwater (World Bank 2000). This is equal to an annual 
consumption of 22,265 million gallons. The aquifer in Jaipur has fallen between 5 and 25 
meters in the past decade, and continued reliance on groundwater is not sustainable. The 
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project to supply Jaipur with water from the Bisalpur dam on the Banas River is 
estimated to cost US$200 million (Rs 9.6 billion).18  The implied cost per gallon to 
develop this supply is about Rs 0.06 per gallon.19  As shown in Box 1, this is about twice 
the cost of pumping water to the surface using a typical agricultural pump-set.   

Table 2.2. Present consumptive water use for power generation in Rajasthan 

  
Gallons/kWh 

2001 
Generation 

(GWh) 

Annual 
consumption, 

million gallons/ 

Nuclear (RAPP) (at 880MW) 1 5396 5396 
Lignitea 0.875 None  
Coal (1,250MW Suratgarh + 1045 MW Kota) 0.85 17,090 14,526 
Combined-cycle combustion turbine 0.33 None  
Open-cycle combustion turbine 0 None  
Total   19,922 
a. According to the Giral feasibility study, the full-load water consumption of 2 x 125MW is 900 m3/hour. At a load 
factor of 75 percent, annual water consumption is therefore 900 x 8760 x 0.75 = 5.9 million cubic meters, or 1,300 
million gallons. The corresponding net annual energy production is 1,486kWh (allowing for 9.5 percent auxiliary 
consumption): equivalent to 0.875gal/kWh 

  

Box 1. Groundwater pumping cost   

          The cost of water pumping may be calculated as follows:  
Water depth 43 Meters 
Annual operating hours 1800 Hours 
Pump-set consumption 5.1 kW 
Water pumped 52.91 Gallons 
Time required 200 Seconds 
Water pumping rate 0.265 Gallons/second 
Total water pumped 1,717,200 Gallons/year 
Units consumed 9,180 kWh 
Cost per kWh 3 Rs/kWh 
Cost of units consumed 27,540 Rs 
Average cost of pump-set 15,000 Rs 
Average life of pump-set 5 Years 
Average cost of rewinding once 3,000 Rs 
Rewinding rate 3 Per year 
Total fixed cost 12,000 Per year 
Total cost for one year 39,540 Per year 
Running cost of pumping 0.023 Rs/gallon  

                                                 
18  A further US$150 million is required for rehabilitation of the municipal water distribution system. 
19  This is likely to be a lower bound, as a proxy for the opportunity cost of municipal water supply, since 

it assumes annualization of the Rs 9.6 billion (Rs 1.28 billion per year at a 12 percent discount rate and 
20-year life), and is divided by the entire annual consumption of 22,265 million gallons. 
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The long-term outlook 

 
2.11 Figure 2.3 looks forward and back 20 years from this study’s base year 
2001. In 2001, power shortages resulted in significant self-generation and unmet demand, 
and a significant share of consumption is pilferage. Today hydro accounts for only about 
one-third of generation (since most of the central sector contributions are fossil-based).  

Figure 2.5. The long-term outlook? 
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2.12 If present trends continue, coal will provide the bulk of new capacity 
additions, resulting in the coal-based future of 2021 shown in Figure 2.3. There are 
doubts that even this can be achieved, however. While the Kota and Suratgarh coal-based 
power stations are successful projects, the long distances to coalmines and the increasing 
difficulties and costs of coal shipment by rail makes further projects of this type unlikely: 
already the cost of rail transportation to Rajasthan exceeds the ex-mine coal price. If this 
option is excluded, a coal-based future would mean coal-by-wire using high-voltage 
direct current (HVDC) transmission, with mega-projects located in the eastern parts of 
India.  

2.13 The coal future emerges from various studies of the Central Electricity 
Authority (CEA) of the central Ministry of Power, but most notably in a 1999 study of 
the long-term future of the all-India power sector that was conducted in connection with 
the 2,000MW Talcher Stage II project. The Talcher II project provides for an HVDC link 
to Bangalore (CEA 1999). This study identified three major HVDC links as being least-
cost for India as a whole by 2015: one of these is a link from Eastern India to , which 
envisages a 5,800MW HVDC transfer by 2015. Although the Talcher II project is now 
underway, progress on the other mega-projects has been slow. There are clear problems 
associated with bringing such large projects to reality. 

2.14 The coal-by-wire option shifts the environmental impacts associated with 
coal generation from Rajasthan to the producing states, and it may well be that these 
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states will in future impose much higher coal royalties.20  Typical coal royalties are Rs 
90/ton, representing about 10 percent of the production cost of an F grade coal, which is 
priced at Rs 870/ton. It is likely that coal-producing areas will encounter water resource 
constraints, however. While the opportunity costs of consumptive water use are higher in 
Rajasthan than in the eastern states of Bihar and Orissa, it is not certain that mine-mouth 
projects in Bihar and Orissa could serve the bulk of the power needs of northern India in 
the decade 2010–2020. 

2.15 This report examines the environmental, economic, and financial 
consequences of Rajasthan’s long-term power scenario. Do realistic alternatives to the 
long-term outlook portrayed in Figure 2.3 exist, and what is the balance of economic and 
environmental trade-offs associated with each? To what extent is it within the power of 
Rajasthan’s policymakers to determine and bring to realization these alternatives? 

  
 

                                                 
20  For this reason, this study considers not just the environmental impacts of power generation within 

Rajasthan, but also of power projects in other states that serve Rajasthan. 





 

 

3 
Assumptions 

This section presents the main assumptions for the study, including the assumptions for 
fuel prices, generation costs, emission coefficients, and load forecasts. It begins with a 
brief discussion of contentious issues in the economic analysis. 
 

Issues in Economic Analysis 

Interest during construction 

3.1 Interest during construction (IDC) is a transfer payment.21  
Notwithstanding its appearance in many generation planning studies (which are prepared 
mostly by engineering firms),22  IDC has no place in economic analysis, for all capital is 
priced at the assumed opportunity cost of capital, without regard to what is debt and what 
is equity. If in fact the financial cost of debt is different to the assumed opportunity cost, 
then in the reconciliation of economic and financial flows the difference is accounted as a 
transfer payment to or from lenders.  

3.2 The inclusion of IDC would be incorrect even in the case of a foreign-
financed private sector project. The economic costs of such a project should be captured 
as the flows of repatriated equity returns and debt service payments when they arise (or 
converted to a single NPV at the discount rate). In other words, the economic capital cost 
of a privately financed foreign IPP is the NPV of the actual equity and debt service 
payments, not the “capital cost” claimed by the IPP (which is frequently overstated). 

 

                                                 
21  See, for example, Handbook on Economic Analysis of Investment Operations (World Bank 1996), 

which states with respect to interest during construction:  

Sometimes lending institutions capitalize the interest during construction  ... whether the interest is 
capitalized or not, its treatment for purposes of economic analysis is the same: interest during 
construction is still a transfer and is omitted from the economic accounts. 

22  For example, the Ewbank Preece generation capacity expansion planning exercise of 1995 for UP 
(Ewbank Preece, 1996) uses a figure of 9 percent for IDC, as opposed to 12 percent for the discount 
rate—the difference being justified by what is claimed (incorrectly) to be “CEA’s practice.” Even if it 
were the same, inclusion of IDC is still incorrect.  



22 Environmental Issues in the Power Sector: Rajasthan 

 

Economic cost of coal 

3.3 The economic cost of coal is a key factor. The approach taken in past 
EIPS case studies of Bihar, AP, and Haryana is that the economic price of coal, expressed 
as rupees or dollars per unit of heat at any given mine location in India, is the border 
price of imported coal adjusted for (economic) domestic transportation costs. In the case 
of Rajasthan, the economic price is therefore taken as the cif (cost, insurance, and freight) 
cost of South African export coal received at a Gujarat port, plus rail transportation to 
Suratgarh. 

3.4 Although it is sometimes argued that a more appropriate measure would 
be the long-run marginal cost (LRMC) of domestic coal production, there is in fact no 
inconsistency. If LRMC is lower than the netback based on border price, then the 
difference is accounted as a resource rent. If the economic LRMC (or the financial FOB 
(free on board) cost) is higher than the netback value, then the difference is accounted as 
a subsidy. 

 
Benefits 

3.5 The usual power sector planning approach requires the optimization of the 
capacity expansion plan for some given load forecast—that is, determination of the least-
cost plan to meet the demand. This ensures an economically efficient plan without any 
express consideration of benefits: if benefits of electricity consumption are constant, then 
the economic optimum necessarily follows from the minimization of costs to supply that 
consumption. Different scenarios can be validly compared with each other given a 
constant level of benefits. 

3.6 When different scenarios provide for different levels of consumption, 
however, they can no longer be compared without express adjustment for the different 
level of benefits provided. For example, in a “no reform” scenario financial constraints 
on additional generating capacity may result in a given level of shortages. These 
shortages are either accommodated by self-generation capability or they are unfulfilled, 
representing a real loss of economic benefits. The total costs of electricity supply to meet 
some given demand must therefore include the costs of self-generation and the cost of 
lost benefits where shortages are not met by self-generation. The benefit of electricity 
consumption is captured by willingness-to-pay (in this case, the area under the demand 
curve of the foregone consumption), the minimum value of which is the tariff that the 
consumer would pay were the electricity available. However, actual WTP for the first 
tranches of consumption (and hence average WTP for the entire consumption) is likely to 
be significantly higher (as evidenced by the high costs of battery charging/rectifier sets 
used by domestic households). 

3.7 This study uses maximization of the PV of net economic benefits, rather 
than minimization of system cost, as the economic attribute. This has several important 
advantages, including primarily the following: 

• Explicit recognition of the benefit stream makes the analysis 
consistent in format with conventional benefit-cost analysis 
(BCA). This permits, for example, the direct calculation of the 
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economic rate of return (ERR) of the investment program 
associated with each option. 

• It provides for an easier reconciliation of the financial and 
economic flows, and permits a ready distributional analysis 
(identification of the beneficiaries). 

Environmental damage costs  

3.8  Many recent power sector studies conducted for the World Bank, 
including economic project appraisals as well as sector studies, have monetized damage 
costs from local air emissions.23  This study of Rajasthan uses the “Six Cities Study,” 
prepared by the World Bank’s Environment Department (Lvovsky and others 2000), as 
the basis for the damage cost estimates. The Six Cities study (of Mumbai, Shanghai, 
Bangkok, Krakow, Santiago, and Manila), derived representative damage cost estimates 
for power plant emissions of PM10, SO2, and NOx. The marginal damage cost estimates, 
by type of source, are shown in Table 3.1. 
 
3.9 Mindful of the cautions emphasized by the authors of the Six Cities study, the 
indicative marginal unit values shown in Table 3.2 may be used.  The result that is of 
greatest significance is that unit health damages from self-generation plants (domestic, 
commercial, and small industry plants that fall into the category “low stack”) are two 
orders of magnitude greater than the damages from power plants. This is because 
emissions from such self-generators are typically at or near ground level and in close 
proximity to population centers, in contrast to those from the generally more remote 
power plants equipped with high stacks. In the context of Rajasthan, it is clear that 1 ton 
of emissions from the coal- fired Suratgarh plant would have a significantly lower damage 
cost than the same 1 ton emitted from a self-generation plant in Jaipur. It follows that the 
total emissions of such pollutants is less important than the location in which these 
emissions occur. 

 

                                                 
23  For example, all of the World Bank power sector project appraisals for China since 1995 have used the 

benefit-transfer method to estimate damage costs for TSP, SOx and NOx, and included these values in 
the power system planning studies to identify social least-cost expansion plans. 
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Table 3.1. Marginal damage costs (US$/ton) 
 Power Plant 

(high stack) 
Large Industry 
(medium stack) 

Self -Generation 
(near ground 

level)  

Ratio(self -
generation: 
power plant 
generation) 

 [1] [2] [3] [4]=[3]/[1] 
Mumbai     
PM10 234 1,077 7,963 34:1 
SO2 51 236 1,747 34:1 
NOx 20 93 668 33:1 
Shanghai     
PM10 161 502 5,828 36:1 
SO2 36 112 1,295 36:1 
NOx 11 33 385 35:1 
Manila     
PM10 345 1,828 17,942 52:1 
SO2 61 324 3,183 52:1 
NOx 24 129 1,265 52:1 
Bangkok     
PM10 828 2,357 28,722 34:1 
SO2 147 417 5,087 34:1 
NOx 57 162 1,971 34:1 
Krakow     
PM10 97 682 13,255 136:1 
SO2 18 130 2,522 140:1 
NOx 4 29 560 140:1 
Santiago     
PM10 692 4,783 88,551 128:1 
SO2 132 911 16,864 127:1 
NOx 35 240 4,445 127:1 
Source: Lvovsky and others (2000) 

 
Table 3.2. Unit health damages 

(US$/ton per 1,000,000 population per US$1,000 of per capita income) 

1 ton change in 
emission of: 

High stack 
(power plants) 

Medium Stack 
(large industry) 

Low Stack  
(self -generation) 

PM10    
range for six cities 20–54 63–348 736–6,435 
average 42 214 3,114 
SO2    
range for six cities 3-8 10–56 121–1,037 
average 6 33 487 
NOx    
range for six cities 1–3 3–13 29–236 
average 2 9 123 
Source: Lvovsky and others (2000) 
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3.9  Damages from water pollution have not been monetized in this study, in 
large part because of the absence of relevant monetization studies upon which to draw. 
Some Indian damage cost studies do cover water pollution, but these relate exclusively to 
industrial sources, agricultural run-off (such as pesticide residues), and inadequate 
municipal wastewater treatment.24  For power plants, studies suggest that damages from 
local air pollutants outweigh those associated with water discharges by at least two orders 
of magnitude.25  Certainly in the case of India, where all new fossil plants in inland 
regions require evaporative cooling towers, the water issue is not so much that of the 
treatment of blowdown and wastewater streams as it is consumptive use. This finding is 
of obvious importance to a drought-prone state such as Rajasthan. 
 

Global Externalities 

3.10 The global damage costs from greenhouse gas (GHG) emissions are 
potentially very high, and have been debated at length by the Intergovernmental Panel on 
Climate Change (IPCC). The 1995 IPCC Working Group III report estimated these to be 
in the range of US$5–125/ton carbon, 26  and these figures form the basis for most of the 
comprehensive valuation studies of damage costs from electricity generation. For 
example, the Extern-E project, a study by the European Union of the externality costs in 
all EU countries, used a range of US$14–37/ton CO2or US$51–135/ton carbon).27 

3.11 A second approach is to use a value that is based on the likely global 
willingness-to-pay for carbon avoidance, for which the expectations of the Prototype 
Carbon Fund (PCF) may be used. The PCF has set US$20/ton as the target price outcome 
averaged across the PCF portfolio at the end of carbon purchase agreements entered into; 

                                                 
24  See, for example, R. Appasamy and others (2000) and Brandon and Hommann (1995). Brandon and 

Hommann found that industrial water pollution was the single most important source of health 
damages, responsible for US$5.7 billion out of a total of US$9.7 billion per year—about 4.5 percent of 
GDP at 1992 values. 

25  See, for example, the Extern-E studies prepared for all of the countries of the EU, which examined all 
environmental externalities associated with the entire fuel cycle of different technologies. These 
studies found the human health impacts associated with air pollution to account for more than 98 
percent of the total externality costs (excluding those associated with GHG emissions) Mortality and 
morbidity are by far the largest component of the damage costs for air pollutants. For example, in the 
French Extern-E analysis  of the coal fuel cycle (Spandaro and Rabl, 1998), total damage costs were 
estimated at €0.4924/kWh . Costs associated with mortality and morbidity, (€0.484/kWh) dominated 
this value, with crop damage and materials damage rated at only €0.0072/kWh and €0.0012/kWh, 
respectively. 

26  One of the main issues in calculating a single marginal damage cost value is the choice of discount rate 
(since damages arising from present emissions will occur many years from now). For example, the 
Extern-E study shows that a baseline rate of US$170/ton carbon using a 1 percent discount rate falls to 
US$60/ton using a 3 percent discount rate. There are further issues regarding the form of the damage 
cost function itself (linear v. nonlinear), and the problems inherent in using a single value when in fact 
damage costs (whatever they may be) vary by orders of magnitude from country to country, depending 
on geography, population, income, economic structure, and land use. We are not aware of a rigorous 
study of potential climate change damage costs in Rajasthan. 

27  See Spandaro and Rabl (1998). 
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the present emissions reduction cost screening criterion for PCF eligibility is US$10/ton 
carbon (PCF 2002).  

3.12 For the baseline calculations we use the second approach, with an average 
value of US$15/ton carbon. This can be taken as representative of an average price at 
which renewable energy developers may sell their carbon offsets, and is of immediate 
relevance to the negotiations between the transmission companies and the developers 
over revisions to the tariff (see Section 5). The potential implications of using damage 
costs rather than emission reduction costs are presented in the sensitivity analysis of 
Section 7. 

 

Environmental Costs versus Environmental Externalities 

3.13 How to define environmental costs and how to account for them is a 
crucial issue. A thermal power plant has a potentially large number of environmental and 
social impacts, many of which are required to be mitigated to some level by 
environmental regulation, others of which are mitigated by the intrinsic developments of 
technology. For example, flue gas desulfurization at a coal plant can be avoided by a 
range of options: by burning lower-sulfur coal; by blending the primary fuel with very-
low-sulfur coal (as is being contemplated for the 660MW Vijayawada extension in AP); 
or by adopting fluidized bed combustion, in which limestone is injected into the 
combustion chamber and SO2 is removed by the formation of gypsum (as is used in 
Gujarat and as is being proposed for lignite plants in Rajasthan). 

3.14 This study does not separately track the costs of pollution mitigation, but 
rather assumes that all new projects include in their capital costs such environmental 
controls as may be required to meet current Indian standards. Thus the capital costs of 
thermal projects include electrostatic precipitators (ESPs) to bring particulate emissions 
to the required levels. 

3.15 The main issue is the extent to which environmental damage costs are 
internalized (that is, reflected in the cost of building and constructing new plant) or 
treated as externalities.  Table 3.3 lists some of the environmental impacts of a power 
plant, and how they are accounted for in this study. 

3.16 The distinction to be made is between that which can be internalized and 
that which must be accounted for as an externality. For example, our estimate of the 
damage to agricultural productivity caused by air pollution is included in our air emission 
damage cost.  Similarly, the loss of agricultural production on land converted to power 
station use (for example, for the land areas needed for ash disposal) is internalized in the 
capital and operations and maintenance (O&M) cost of the project.  
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Table 3.3. Accounting for environmental costs 

Environmental impact How quantified in this 
study 

Issues 

Relocation and resettlement Internalized in capital 
costs 

While project-affected families 
may be compensated for their 
economic losses by the 
compensation package provided by 
the government, there may be 
some residual loss of amenity that 
cannot be internalized (for 
example, the value that individuals 
may give to living on ancestral 
lands) 
 

Cost of crop losses at land 
converted to power station use 

Internalized in capital 
costs 

The market value of land in private 
ownership reflects the stream of 
future earnings from the productive 
use of that land. There may, 
however, be issues where land is 
owned by the state 
 

Land degradation Internalized in capital and 
operating costs 

Operation and maintenance costs 
include provision for land 
reclamation after ash ponds are 
filled, and for the restoration of 
vegetation cover 
 

Water pollution Internalized in capital and 
operating costs 

Capital costs include allowances 
for lined ash ponds where there is a 
risk of groundwater pollution 
 

Cost of property and crop 
damage from air pollution 

Externality, included in 
our estimates of 
environmental damage 
costs 
 

 

Health impacts from air 
pollution 

Externality, included in 
our estimates of 
environmental damage 
costs 
 

See details as discussed above 

Loss of biodiversity Not quantified Lack of quantification is a major 
limitation of this studya 

a. Methods have been proposed to develop a quantitative biodiversity index, but these have yet to come into general use 
and the level of detailed information that is required lies outside the scope of this report. The only example in the 
(South Asian) literature is that of Meier and Munasinghe (1994), which derived a biodiversity index, based on the 
probability of encountering an endemic species in a habitat affected by a power project, in a multi-attribute analysis of 
Sri Lanka. This required a significant data collection effort on land use at all potential sites in the country. 
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Fuel Price Assumptions 

3.19  Past EIPS analyses used the economic prices derived in a 1997 study by 
the Tata Energy Research Institute (TERI 1997). The values of that study now require 
updating. One of the limitations of the study furthermore was the lack of a consistent 
framework for forecasting the relative international prices of coal, oil, and liquefied 
natural gas (LNG), linked to a single marker. These relationships experience their own 
temporary market fluctuations, but for a long-range planning study, as is presented here, a 
consistent framework is essential. Experience shows that even when prolonged 
perturbations from long-term averages occur, they generally presage a future market 
adjustment, and one that may be quite sudden. 
 
 
World oil price 

3.17 The approach taken in this study is to link all prices to that of the world oil 
price, with Brent as the marker crude, on the recommendation of a study of Asian oil 
markets(Horsnell 1997). Forecasting future oil prices is a hazardous business, particularly 
over short time frames: for example, the World Bank’s 1998 world oil price forecast 
(used in the previous EIPS studies) appears to have significantly underestimated oil 
prices over the short term (see Figure 3.1). The low and high forecasts represent the 70 
percent probability bounds, yet the early 2002 price (US$30/bbl) lies well outside the 
Bank’s range of US$11–25.5/bbl. This study uses a long-term equilibrium price of 
US$24/bbl. 

Figure 3.1. 1998 World Bank world oil price projection 
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3.18 The consequences of the power sector’s exposure to short-term fossil price 
volatility nonetheless constitute a separate policy issue that is of particular relevance to 
the renewable energy and DSM alternatives. Fossil fuel price volatility can be hedged by 
futures and swaps, but this comes at a cost—and one that is avoided by renewable energy 
and DSM options. The extent to which renewable energy generation options serve as a 
cost-effective hedge against uncertainty in developing countries is the subject of an 
ongoing World Bank study (World Bank 2003a); in the United States, the cost of hedging 
against natural gas price volatility has been estimated at US$0.005/kWh (Bolinger, 
Wiser, and Golove 2002). 

 
Coal prices 

3.19 Although coal prices do not exhibit the volatility of world oil prices, the 
longer-term averages show remarkable correlation. Figure 3.2 compares the annual 
average Brent and coal (FOB New South Wales) for the period 1981–2000. The trend 
line used for modeling purposes (bold line in the figure) is estimated as:28  

Coal[FOB NSW, US$/ton]=21.9+0.73[Brent, US$/bbl]; R2=0.854 
 
3.20 There have been two periods over the last 21 years when the general 
relationship between coal and oil prices has shown a significant deviation (Figure 3.2). 
The first was in the years 1983–1985, prior to the oil price collapse of 1986: this period 
was characterized by an artificially high crude oil price as OPEC tried to defend its 
posted pricing system for crude oil, despite falling product prices. This effort was not 
sustainable, leading to the spectacular fall in crude prices in late 1986. 

3.21 The second period of price aberration has been the past few years, when 
coal prices in the Asia-Pacific markets have been significantly below their normal values. 
This was a consequence of the aftermath of the financial crisis of 1997–1998 and the 
rapid growth of China’s coal exports, which depressed prices. Coal prices recovered 
somewhat in 2001 relative to the price of oil, but collapsed again in 2002 (Australian 
export coal spot prices falling to as little as US$22/ton) before recovering in late 2002 to 
more than US$30/ton.  

3.22 To derive the Indian border price requires that assumptions be made about 
ocean freight from the major coal export ports. These are taken from a recent Australian 
study (see Table 3.4) (Connell Wagner Pty Ltd 2001). Note that the difference in freight 
charges for vessels of different size (US$1.50/ton between Capesize and Panamax to 
Madras from NSW) is greater than the incremental difference in distance (US$0.70 
between Madras and Mangalore from NSW in Capesize vessels for the extra 500 nautical 
miles). For this study of Rajasthan, we assume the imported coal source to be South 
Africa, with costs to a Gujarat port roughly comparable to those to Mangalore (and taken 
here as US$7.40/ton). 

                                                 
28  This trend line (estimated by ordinary least squares) excludes the periods 1984–1985 and 1999–2001, 

for reasons discussed in the text. If these years are included, the relationship changes to 
coal=25.29+0.47[Brent] , with a significantly reduced R2 of 0.33. 
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Figure 3.2. Australian export coal and Brent oil prices 
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Source: World Bank (2000). 

Table 3.4. Ocean freight costs to India 

   Loading port 

Discharge port Units Indonesia 
Tanjung 

Bara 

Australia 
Newcastle 

NSW 

Australia 
Gladstone 

S.Africa 

Richard Bay 

China 
Qinhuang  

dao 
East Coast India       
Distance to 
  Madras 

Nautical miles 2,700 5,500 5,000 4,100 4,300 

Handymax US$/tonne 9.50 16.50 15.75 13.25 14.00 
Panamax US$/tonne 7.50 12.50 11.25 10.00 10.50 
Capesize US$/tonne 7.25 11.00 10.50 8.50  
       
West Coast India       
Distance to  
 Mangalore 

Nautical miles 3,200 5,700 5,200 3,700 4,800 

Handymax US$/tonne 10.50 17.00 16.25 11.90 15.50 
Panamax US$/tonne 8.50 13.00 12.60 8.80 11.00 
Capesize US$/tonne 8.00 11.70 11.10 7.40  

Source: Connell Wagner Pty Ltd (2001) 
 
3.23 Care is required when converting prices of internationally traded coals to 
that of Indian coal, because the latter is priced on the basis of Useful Heat Value (UHV), 
an attribute unique to India and which is quite different from the conventional measure of 
gross calorific value (GCV).29  For example, a coal with a UHV of 3,200kCal/kg (typical 
F grade) may have a conventional gross calorific value (GCV) of 4,300kCal/kg.  

                                                 
29  The formula for useful heat value (UHV), in kCal/kg, is  
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Table 3.5. Coal prices (Rs/tonne, effective 18 August 2002) 

Grade UHV (kCal/kg) Western 
coalfields 

Mahanadi 
coalfields  

D 4,200–4,940 956 566 
E 3,360–4,200 743 445 
F 2,400–3,360 620 351 
G 1,300–2,400 467 250 

 
3.24 Under this system the cost of coal within any grade can vary greatly; for 
example, in the F grade by 40 percent per kilocalorie (from Rs 0.13/kCal to Rs 
0.18/kCal). This gives rise to a bizarre relationship between the cost in Rs/kCal and the 
UHV in kCal/kg (see Figure 3.3). Suppliers clearly have a great incentive to supply coal 
at (or near) the lower end of the UHV band for each grade. The system has no parallel in 
international practice and cannot possibly survive market reforms.  

Figure 3.3. Price versus heat content (UHV) 
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3.25 Table 3.6 shows a comparison of the prices of coal delivered to Rajasthan 
locations. Imported South African coal would in principle be economic (on the spot 
market export coal prices FOB South Africa have in recent years been substantially 

                                                                                                                                                 
  UHV=8900-138 (A+M) 

Where A is the ash content as a percentage and M is the moisture content, also as a percentage. The 
formula in general use in India to calculate GCV (as kCal/kg) is  

  GCV= 8555.5 - 145.55M – 94.11A 
This gives values that are very close to conventional characterization as LHV. However, some 
companies (for example, APGENCO) use the alternative formula 

  GCV=33820 C –143050 (H-O/8)+9304 S 
Where O is the oxygen content, H is the hydrogen content, C is the carbon content, and S is the sulfur 
content. GCV is expressed in kJ/kg. 
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below the assumed cost of US$28/ton), but the imposition of customs duty makes Indian 
coal least-cost, in financial terms. 

Table 3.6. Coal prices in Rajasthan 

Coal type  Unwashed Washed  Imported  
GCV kCal/kg 4,300 4,778 6,500 
Price Rs/ton 870 870  
Royalty Rs/ton 90 90  
other charges  Rs/ton 3.5 3.5  
Total Rs/ton 963.5 963.5  
CST@4% Rs/ton 39 39  
Total ex-mine Rs/ton 1,002.5 1,002.5  
FOB US$/ton   28 
Freight US$/ton   7.4 
CIF Gujarat  US$/ton   35.4 
 Rs/ton   1,699.2 
Customs duty 
@29% 

Rs/ton   493 

Landed cost Rs/ton   2,192 
Washing cost Rs/ton - 92  
Freight  Rs/ton 1,200 1,200 1,200 
Delivered cost, 
financial 

Rs/ton 2,203 2,203 3,392 

 Rs/MCal 0.51 0.46 0.52 
Economic cost Rs/ton 2,070 2,162 2,899 
 Rs/MCal 0.48 0.45 0.45 

      Sources: RRVUNL; Connell Wagner Pty Ltd (2001). 
 

3.26 It is doubtless for this reason that the GoI, in an effort to protect Coal 
India, increased the rate of customs duty from 10 percent on CIF (the cost, insurance, and 
freight value) in 1998 to 20 percent in 1999 and to 35 percent in May 2000. In March 
2001 the duty was reduced to 29.5 percent. 

 
HVDC transmission 

3.27 The baseline assumes high-voltage direct current (HVDC) transmission 
from Eastern India.  This transmission distance is roughly the same as that of the Talcher 
–Bangalore line, for which the 1996 cost estimate was Rs 37.54 billion (say Rs 20 
million/MW at current prices for the 2,000MW Talcher II project).  

3.28 The advantage of HVDC coal-by-wire over railway transport is readily 
apparent (see Box 2 for calculations). From Table 3.5 we may take the rail transportation 
cost to Rajasthan as Rs 1,200/ton. The coal requirement for a 2,000MW project is 6.24 
million tons/year, generating an annual freight bill of Rs 7.71 billion and a NPV over 20 
years of Rs 40.98 billion. The corresponding cost of HVDC (at a 12 percent discount rate 
over 20 years), assuming a three-year construction period and operation and maintenance 
costs of 1.5 percent of the initial capital cost, would be Rs 35.18 billion, representing a 
saving of Rs 5.8 billion over the shipment of coal by rail. 
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Box 2. Rail versus HVDC   

Assumptions
instaled capacity MW 2000
PLF [     ] 0.75

GWh/year 13140
heat rate KCal/kWh 2200

10^6 KCal/year 3E+07
calorific value, GCV KCal/kg 4500

10^6 kg/year 6424
coal requirment mt/year 6.424
coal transportation cost Rs/ton 1200
annual cost CroreRs/year 771

Cost comparison
NPV -2 -1 0 1 2 3 4 5 6 7 8 9 10

cost of coal transportation 4098 771 771 771 771 771 771 771 771 771 771

capital costs HVDC 3199 1000 2000 1000
O&M costs @1.5% 319 60 60 60 60 60 60 60 60 60 60
total HVDC link 3518 1000 2000 1000 60 60 60 60 60 60 60 60 60 60
excerpt only: calculations done for 20 year time period  

 
 
Petroleum product prices 

3.29 To project petroleum product prices we apply the product price to crude 
price ratios derived by TERI (TERI 1997). The ratios are 130 percent of the crude price 
for naphtha; 66 percent for heavy fuel oil; and 135 percent for high-speed diesel oil 
(HSD). 

 
Gas 

3.30 Gas represents a potentially important option for Rajasthan over the long 
term. The Oil and Natural Gas Corporation (ONGC) has made a number of gas finds 
within the state; additional supplies may become available from the HBJ (defined above 
and in the Table of abbreviations) pipeline; and, over the longer term, gas from the Gulf, 
Iran, or central Asia may eventually find its way to northern India. Any major pipeline 
from these locations would likely cross Rajasthan. 

3.31 How much of this gas would be available to Rajasthan is a matter of 
speculation, as is its price. While it is possible that the pricing regime would be 
independent of international prices, for the purposes of this study we may assume that the 
economic cost at the various locations on the pipeline would be the netback based on 
LNG landed on the Gujarat coast.30   

3.32 Historically, LNG prices in the region have been benchmarked against 
those for Japan, the largest LNG importer in the Asia-Pacific region. These prices are in 

                                                 
30  Even if land pipelines from Bangladesh or Turkmenistan were to become reality, the proposition that 

the producing countries would export gas at substantially less than world market prices (on a delivered 
Btu basis) is fanciful. Where actual production costs are lower than the netback values based on 
international prices, these countries certainly would capture the implied resource rents themselves. 
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turn tied to crude oil prices (of the “Japan Crude Cocktail,” or JCC), with short-term 
volatility smoothed out. The average annual LNG price for long-term planning studies 
can reasonably be projected as tied directly to the average annual crude oil marker price 
(see Figure 3.4).31  

3.33 The traditional pricing arrangements are undergoing change, however. 
LNG already commands lower prices in the more competitive European market, and the 
traditional long-term contract arrangements for LNG shipments to Japan and Korea, 
based on the JCC, are gradually being supplemented by greater reliance on spot and 
short-term arrangements.  

3.34 The GoI intention is to deregulate gas prices and to index domestic gas 
prices to a basket of fue l oils. The resulting prices, under various assumptions made of 
the world oil price, are shown in Table 3.7. The existing gas price is highly subsidized. 

Figure 3.4. Japanese LNG prices versus crude oil and coal 
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31  For details of LNG price formation, see, for example, Fujime (2002). The so-called “Asia” premium of 

about US$1/bbl (for both oil and LNG) is attributed to long-term contracts linked to average Dubai and 
Oman prices. In addition, higher LNG prices have been paid because of the linkage to crude oil, rather 
than burner-tip prices with immediate substitutes. Thus LNG prices have been as much as US$1/MBtu 
higher than those paid by U.S. and European LNG consumers. The average 2000 CIF price of LNG 
imported into the United States was US$3.18/Mbtu, compared to US$4.88/MBtu in Japan. 
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Table 3.7. Natural gas prices (exchange rate of Rs 48:US$1) 

  Current 
gas price 

Deregulated pricing LNG 

Crude price US$/bbl  16 20 24 26 24 
Fuel oil basket Rs/ton  3,588 4,836 6,084 6,708  
Natural gas 
price 

Rs/1,000scm 2,850 3,588 4,836 6,084 6,708 7,800 

 US$/MBtu 1.49 1.88 2.53 3.18 3.51 4.08 
Royalty Rs/1000scm 257 323 435 548 604  
Transportation Rs/1000scm 1,353 1,353 1,353 1,353 1,353 1,353 
16 percent 
sales tax 

Rs/1000scm 672 791 990 1,190 1,290 1,464 

Delivered cost Rs/1000scm 5,132 6,054 7,614 9,174 9,954 10,617 
 Rs/MCal 0.51 0.60 0.76 0.91 0.99 01.06 
Economic 
cost 

Rs/1000scm 9,153   9,153  9,153 

Net subsidy Rs/1000scm 4,021   -22   
 

Generation Costs  

3.35 The options considered for additional generation for Rajasthan are as 
follows: 

• Thermal peaking units using open (simple) cycle combustion 
turbines (OCCTs), fueled by either naphtha or gas. To date there 
has been little interest in such units anywhere in India, in part as a 
consequence of the compulsions of the GoI tariff norms, which 
link incentive payments to high plant factors. Simple-cycle 
combustion turbines have low annual plant factors; they are 
however intrinsically optimal for peaking duty, making this one of 
the few options available for eliminating peak power shortages 
over the short to medium term. 

• Lignite projects (see Section 5). 

• In the base case, given the high cost of rail shipment and the 
constraints on railroad capacity, it is assumed that coal-based 
electricity would be generated at the mine-mouth in the coal-
surplus states of Bihar and Orissa. Mega-projects at these 
locations, such as that at Hirma, would deliver power to western 
India via HVDC. The requisite transmission investment is assumed 
made by Powergrid. Whether this is achievable is a matter of some 
doubt, given the precarious financial condition of the Indian power 
sector entities, but it serves as a convenient benchmark against 
which other options may be assessed. 
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Table 3.8 summarizes the key assumptions for capital costs of these options.32  

Table 3.8. Capital costs, Rs millions/MW 

 financial economic 
coal (NTPC) 4055 3145 
CCCT (naphtha) 30 25 
Diesel 25 22 
OCCT 15 13.5 

 

Emission Coefficients 

3.36 Wherever possible, emission coefficients are calculated by stochiometry, 
since this is the best way to ensure consistency between assumptions about fuel 
characteristics, generating plant efficiency, combustion technology, and the pollution 
control options as may be applied.33  Where such stochiometric calculations are not 
possible, we use the emission coefficients provided by the IPCC (World Bank 1997) or, 
in the case of clean coal technologies, by the World Bank (Oskarsson and others 1998). 
Table 3.9 describes the assumptions and coefficients used for each air emission. 

Table 3.9. Methodology for air emission calculation 

Carbon Stochiometric calculation, based on the carbon content of the fuel. If C 
is the percentage of carbon in the fuel, by weight, and f is the fraction of 
carbon oxidized in combustion, then the weight in kilograms of C 
emitted per kilogram of fuel consumed = C f .  

SO2 Stochiometric calculation, based on the sulfur content of the fuel. If S is 
the percentage of sulfur in the fuel, by weight; ? is the fraction of SO2 in 
the flue gas removed by FGD; and f is the fraction of sulfur oxidized in 
combustion, then the weight in kilograms of SO2 emitted per kilogram of 
fuel consumed = S f (1- ?) 1.998.  

particulates Stochiometric calculation, based on the ash content of the fuel. If A is 
the percentage of ash in the fuel, by weight; f is the fraction of ash to fly 
ash (and 1-f the bottom ash fraction); and ? is the fraction of particulates 
removed by the ESP, then the particulate emissions per kilogram of fuel 
consumed = A f (1- ?) .  

NOx Emission factor, as provided by the equipment manufacturer (and/or) as 
per the project-specific Environmental Impact Assessment.  

CH4 Emission factor as per IPCC guidelines 
 

                                                 
32  This report quotes capital costs as “overnight” costs; that is, without including IDC or escalation. In 

economic analysis, capital costs are recorded in the year disbursed (for a typical multi-year 
construction project, recorded over several years). 

33  A good example demonstrating why such an approach is desirable (and necessary) is that of flue gas 
desulfurization (FGD). Plants fitted with FGD systems will have lower overall efficiency, due to 
higher auxiliary consumption and the FGD system’s impact on boiler efficiency. The desulfurization 
process may in fact increase CO2 emissions per net kWh by up to 5 percent. 
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Load Forecasts 

3.37 Figure 3.5 shows the baseline forecast, which is the sum of the aggregated 
sales forecast of the three DISCOs, plus the estimated non-technical losses.34  

3.38 It is evident (recall Figures 2.4 and 2.5) that over the past decade a 
substantial proportion of the industrial load that would under normal circumstances have 
connected to the grid is now supplied through self-generation. A major question for 
future demand is how much of this can be captured back by the grid as supply conditions 
improve and as the HT tariff declines again, in real terms. Most diesel units, with the 
exception of those using heavy fuel oil and those that serve critical demand that cannot 
tolerate even brief interruptions, can reasonably be expected to return to the grid.  

Figure 3.5. Unconstrained energy forecast (at the busbar) 
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3.39 In the usual demand forecasts, a single non-technical loss rate, expressed 
as a percentage of total generation, is applied to all consumption categories. This 
assumption is not plausible. It is more useful express non-technical losses as a fraction of 
consumption, such that the rate directly expresses the rate of pilferage and non- or 
defective metering. Table 3.10 shows an alternative reconciliation of T&D loss rates, 
segregated into non-technical, LT technical (distribution), and HT technical 
(transmission). Reconciled to the same non-technical loss rate of 11.4 percent of 
generation, this indicates that loss rates of as much as 29 percent of domestic demand 
(consumption) are probable. 

                                                 
34  As noted below, non-technical losses in fact represent real consumption of economic value to the 

pilferers – (though less per kWh than for a paying consumer). 
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3.40 There are a number of issues associated with the baseline reform scenario 
that become important when looking at the longer term. Non-technical losses represent 
transfer payments—either from the government (through the utility by subsidies), or from 
other consumers through cross-subsidies—to those that consume without payment. 
Although transfer payments (and their reduction) are not normally included in an 
economic analysis, the reduction of non-technical losses does have economic effects.  
These arise because pilferers tend to reduce their consumption once faced with paying, 
and this in an unconstrained system will reduce generation costs. It is unclear how the 
PWC demand and sales forecasts (PWC, 2002) account for this effect.  When in a model 
the rate of NT loss reduction is assumed to vary, the main requirement is that the 
consumption by pilferers be transparently recorded. 

Table 3.10. Reconciliation of T&D losses 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.41 For long-range planning purposes it is desirable to have a model 
representation of demand growth that is explicitly linked to exogenously specified 
planning assumptions, such as the GDP growth rate and the rate of real tariff growth 
(together with assumptions about price and income elasticities). We therefore constructed 
a simple econometric model calibrated to the baseline forecast, such that it exactly 
replicates the forecast to 2010 using the anticipated economic growth rate under the 
reform program. This model is described in Box 3. 

3.42 Price elasticity is often ignored for the reason that no reliable econometric 
studies are available.  This approach equates to an assumption of zero elasticity, however; 
that is, of perfectly inelastic behavior. Given no specific information in a particular 
location about actual consumer behavior, this is not the most reasonable assumption: 
given the worldwide experience, assuming some reasonable non-zero (negative) value for 
price elasticity almost certainly would involve less error than assuming its value to be 
zero. 

3.43 There appear to be no assumptions regarding price elasticity in any of the 
studies of the Rajasthan power sector, yet as shown in the case of HT industrial demand 

sales NTlosses Fx(NT) demandTlosses(LT) Fx(LT) Total LTTlosses(HT)Fx(HT) Total gen T(x) F(x)
[1] [2] [3] [4]=[1]+[3] [5] [6] [7]=[4]+[5] [8] [9] [10]=[7]+[8] [11]=[5]+[8] [12]

1 LT DOM domestic 2883 1175 0.290 4058 926 0.186 4984 318 0.06 5302 1244 0.235
2 LT COMM commercial 871 355 0.29 1226 280 0.186 1505 96 0.06 1601 376 0.235
3 LT OTHER public lighting 87 10 0.10 97 22 0.186 119 8 0.06 126 30 0.235
4 LT OTHER public institutions 0 0 0.10 0 0 0.186 0 0 0.06 0 0  
5 LT AGR private tubewells 0 0 0.10 0 0 0.186 0 0 0.06 0 0  
6 LT IND(LT) small+mediumIndustry1582 395 0.20 1977 451 0.186 2428 155 0.06 2583 606 0.235
7 HT IND(HT) largeIndustry 3932 80 0.02 4013 0 0.0000 4013 256 0.06 4269 256 0.060
8 LT OTHER public waterworks 755 133 0.15 888 203 0.186 1091 70 0.06 1160 272 0.235
9 LT AGR state tubewells 3994 444 0.10 4438 2390 0.350 6827 436 0.06 7263 2825 0.389

10 HT OTHER railways 0 0 0.00 0 0 0 0 0.06 0 0  
11 LT AGR lift irrigation 0 0.00 0 0 0.186 0 0 0.06 0 0  
12 HT OTHER bulk supply 359 0.00 359 0 359 23 0.06 382 23 0.060
13 HT OTHER InterstateSales 0 0.00 0 0 0.150 0 0 0.06 0 0  
14    
15    

total 14463 2592 17055 4271 21326 1361 22687 5632 24.8%
Summary reconciliation

GWh as%Gen as%dem
Sales 14463
demand 17055
Technical losses 5632 24.8%
NT losses 2592 11.4% 15.2%
total losses 8224 36.2%
UnitsHandled 22687
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(Figure 2.2), there is clear evidence of price-elastic behavior. The values of price 
elasticity used in the other EIPS case studies are shown in Table 3.11. 

 

Box 3. Econometric demand forecast model 

The standard econometric demand forecasting model with constant elasticities can be stated as   
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where P(t) = real price in year t 
 Y(t) = real income in year t  
 α = income elasticity of demand 
 β = price elasticity of demand 
 Q(t) = electricity demand in year t 
 
To replicate the Indian Government’s forecast to 2010 (GoI 2001) we calculate income 
elasticities for each customer class and each time interval as 
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where gt is the assumed growth rate of GSDP and β is the price elasticity applied to the real tariff. 
The baseline forecasts do not (apparently) consider price elastic ity; this is equivalent to inelastic 
behavior, so β = 0 and Eq.[3.2] reduces to 
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The forecast is then extended to 2021 (to complete the 20-year planning horizon) by insertion of 
these income elasticities into Eq.[3.1]. 
 
 

Table 3.11. Estimates of price elasticities 

 Uttar Pradesh EIPS special 
study (TERI) 

Andhra 
Pradesh 

Adopted for 
this report 

Domestic  -0.24 -0.45 -0.4 -0.4 
Commercial -0.07 -0.49 -0.4 -0.4 
Industrial -0.15 to -0.35    
Agricultural -0.4 to -0.76 -1.23 -0.2 -0.4 
LT industry  0 -0.3 -0.3 
HT industry  -0.45 -0.3 -0.3 

Sources: Ewbank Preece (1996), TERI (1997), and the Administrative Staff College of India (1998). 
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4 
Scenarios 

 

The Baseline Reform scenario 

4.1 The baseline reform scenario adopted by this study reflects the October 
2002 forecasts by PriceWaterhouseCoopers (PWC, 2002). The critical assumptions that 
describe the physical development of the power sector are as follows: 

• Technical losses decrease to 13.2 percent by 2010. 

• Non-technical losses decrease from 15 percent of consumption to 3 
percent by 2010 and to 1 percent by 2015.  

• Restoration of financial creditworthiness permits financial closure 
for new independent power producers (IPPs) after 2007. 

• GoR support ends by 2010. The revenue requirements tariff 
includes an equity return on all new investment, generation as well 
as T&D. The transmission company (TRANSCO) and distribution 
companies (DISCOs) are assumed to remain in GoR ownership. 
(In the event of any GoR disinvestments, the equity returns shown 
in this report as accruing to GoR would simply pass to the new 
owners). 

4.2 The PWC scenario is extended to 2021 to complete the 20-year planning 
horizon. On the demand side we extrapolate the load forecasts as described in Section 3; 
on the supply side Enviroplan creates the least-cost expansion plan for generating 
capacity as required to meet the load forecast, as shown in Figure 4.1.35  

4.3 With reform, the constraint requiring that Rajasthan balance its demand 
with its own supply (and the fixed contributions from central plants) is removed. Small 
supply–demand imbalances, including those that will arise because the optimal capacity 
expansion plan will build units larger than a single year’s demand growth in order to 
exploit scale economies, can be assumed to be equilibrated by purchases and sales from 

                                                 
35  Because we wish to isolate the impact of lignite development as one of the options (see Section 5), we 

have excluded the proposed 125MW project at Gi ral from the baseline expansion plan, even though 
this seems fairly likely to proceed given RRVUNL’s progress in developing this project. 
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the Power Trading Corporation (PTC). As the State Electricity Boards (SEBs) become 
creditworthy, such equilibrating trade will become a routine feature familiar to the 
regional markets of Europe and North America. 

Figure 4.1. Baseline expansion plan 
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4.4 The most important conclusion of the capacity expansion planning 
analysis is the need for thermal peaking capacity, which is assumed (in the baseline) to be 
provided by open-cycle combustion turbines (OCCTs) using liquid fuel or natural gas 
priced at the liquid fuel equivalent (see Table 3.6). This conclusion follows from the 
system load factor that is likely once supply constraints are eliminated, as is expected to 
happen under reform. A normal system load factor in an unconstrained system is between 
0.55 and 0.6. It cannot be that all new thermal facilities will be base load, with target 
plant load factors (PLFs) of 80 percent and more.  

4.5 The need for significant amounts of open cycle thermal peaking capacity 
is a common conclusion of almost all capacity expansion planning studies undertaken in 
India over the last decade. Similar conclusions have been derived in the studies 
conducted for Andhra Pradesh (AP), Haryana, and Uttar Pradesh (UP).  By definition, 
such peaking plants will have low PLFs, since their role in dispatch is to meet the daily 
peaks. Plants with low PLFs have not been favored in India as IPPs in the past, because 
they give the appearance of high tariffs, but they are a requirement for successful reform. 
It can be assumed that consumers will be willing to pay more for peaking power 
(provided it is supplied at 50Hz and at acceptable voltage). 

4.6 Figure 4.2 shows the requirements for investment in transmission lines, 
broken down by four categories: (a) TRANSCO investment in the transmission system 
within Rajasthan; (b) incremental transmission costs associated with new generation 
facilities (which in the case of the CEPA–Jaipur HVDC line are assumed made by 
Powergrid); (c) DISCO investment for technical loss reduction (the bulk of which is 
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assumed spent in 2003–2009); and (d) DISCO investment in the distribution system 
(routine investment to accommodate load growth and new connections). 

Figure 4.2. Transmission and distribution investment 

 

4.7  The generation mix is shown in Figure 4.3. The share of hydro decreases 
from 18 percent to 8 percent over the planning horizon, since all of the capacity additions 
in the base case are thermal (the vast majority of which being coal, as shown in Figure 
4.1). 

Figure 4.3. The generation mix (TWh) 
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4.8      The Enviroplan economic analysis is shown in Table 4.1. Each of the 
major cost and benefit streams is identified, including the monetization of environmental 
externalities (with carbon valued at US$15/ton). The average incremental production cost 
(as a proxy for the long-run marginal cost (LRMC) of supply, including T&D 
investment), is Rs 3.22/kWh. 
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Table 4.1. Economic Analysis: Reform baseline 

     Note: Extract only: model calculations done to 2021. 
 
4.9 Figure 4.4 shows a summary of the economic costs. Investment in 
generation capacity falls off in the last few years, as the model builds only to the end of 
the planning horizon. The end-effects are corrected by adding back in, as a credit in the 
economic analysis, the corresponding salvage values. 

NPV 2001 2002 2003 2004 2005 2006
BENEFITS
grid supplied [RsCr] 70744 6100 6494 6909 7346 7808 8296
self-generation [RsCr] 0 0 0 0 0 0 0
DSM [RsCr] 0 0 0 0 0 0 0
exportable surplus (sales to PTC)2.4 [RsCr] 0 0 0 0 0 0 0
total benefits [RsCr] 70744 6100 6494 6909 7346 7808 8296

COSTS
capital costs

grid generation plants [RsCr] 6253 1086 1866 0 500 500 0
..less salvage value [RsCr] -874
pollution mitigation[FGD, etc] [RsCr] 0
T&D investments [RsCr] 9237 357 724 829 1151 1022 1279
self-generation plant [RsCr] 0 0 0 0 0 0 0
DSM investments [RsCr] 0 0 0 0 0 0 0
renewable energy [RsCr] 0 0 0 0 0 0 0

total capital costs [RsCr] 14615 1443 2590 829 1651 1522 1279

O&M costs
2.5 spot purchases from PTC [RsCr] 1519 173 1712 0 0 0 0

fuel [RsCr] 11474 1176 1176 1291 1340 1411 1439
other non fuelO&M costs [RsCr] 1015 69 95 115 126 135 140
G&A costs [RsCr] 6728 653 816 793 788 802 831
other costs [RsCr] 13538 3163 2846 2562 2306 2075 1868
fuel, self-gen plants [RsCr] 0 0 0 0 0 0 0
DSM[admin costs] [RsCr] 0 0 0 0 0 0 0
DSM device O&M [RsCr] 0 0 0 0 0 0 0
renewable energy [RsCr] 0 0 0 0 0 0 0

total O&M [RsCr] 34273 5233 6645 4761 4560 4423 4278

Environmental damage costs
in Rajasthan
PM-10 [RsCr] 320 21 22 27 30 35 37
SOx [RsCr] 93 6 6 7 8 9 10
NOx [RsCr] 229 14 14 17 20 22 24
total environmental damage costs [RsCr] 641 40 43 52 58 66 70
consumptive water use [RsCr] 414 47 47 52 54 57 57
elsewhere [RsCr]
PM-10 [RsCr] 295 10 11 12 13 14 18
SOx [RsCr] 85 3 3 3 4 4 5
NOx [RsCr] 191 7 7 8 8 9 11
Global:GHG 15 $/ton [RsCr] 2806 268 268 290 300 313 328
total costs [RsCr] 102851 6763 9325 5694 6323 6068 5683
net economic flows [production+local-e+global-e][RsCr] 20800 -662 -2832 1214 1024 1740 2612
net economic flows [production+local-e][RsCr] 23606 -394 -2564 1504 1323 2053 2941
net economic flows [production] [RsCr] 21855 -575 -2742 1318 1136 1863 2739
memo items
served demand [GWh] 178338 17055 17837 18652 19502 20390 21317
Economic cost of power [production costs only][Rs/kWh] 2.74 3.91 5.18 3.00 3.18 2.92 2.61
incremental GWh served [GWh] 49365 781 1596 2447 3335 4262
incremental costs [RsCr] 15908 2590 945 1815 1757 1542
Average incremental cost (as proxy for LRMC)[Rs/kWh] 3.22
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Figure 4.4. Summary of economic costs 
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4.10 Figure 4.5 shows the projected tariffs (in constant Rs/kWh), and illustrates 
the working of the financial module in Enviroplan. The tariff as calculated from an 
analysis of revenue requirements (that is, that tariff necessary to cover all financial 
requirements without government subsidy, but including a return on equity), is shown as 
“RRtariff.” The “actual tariff” is the tariff as seen by consumers. After 2010 it is assumed 
that that the actual tariff and the RRtariff will be the same. These trend downward as the 
reduction in losses and greater operational efficiency works its way through the revenue 
requirement calculations.  

Figure 4.5. Tariff projections 
(average realization, Rs/kWh) 
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4.11 Between 2001 and 2010 the assumed “actual tariff” is linearly 
interpolated, and therefore does not show the tariff variations suggested by the PWC 
analysis (which reflect complicated financial engineering transactions that are beyond the 
scope of this report). 
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4.12 The results may also be displayed in terms of the distributional impacts on 
the stakeholders, as shown in Table 4.2. The columns of this table represent the 
stakeholders, and the rows represent the individual transactions. Columns 9 and 13 
represent the economic costs and benefits, in which all the transfer payments (duties, 
taxes, cross-subsidies, and so forth) cancel out; column 9 before consideration of 
environment, and column 13 with consideration of the local air environment, 
consumptive water use, and the global impacts due to GHG emission reductions, 
assuming a value of US$15/ton carbon). All figures are in Rs Crores, expressed as 
present values over 20 years at a 12 percent discount rate. 

Table 4.2. Distribution of costs and benefits  

 
4.13 Compared to the net economic benefits before consideration of 
externalities (Rs 239.94 billion), the local air emission damage costs within Rajasthan of 
Rs 6.41 billion reduce the benefits by some 2.5 percent. These may be compared to the 
benefits captured by pilferers, that amount to some Rs 14.95 billion. 

             Rajasthan                Rajasthan economic                    environment economic

power
sector Govt IPPs

Other
State

Govts.
Central
Govt. Pilferers

Consum
ers

GEF/    
MNES/
CDM

before
ENV local air water global

with
ENV

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
consumer benefits
  grid electricity 1495 70744 72238 72238
  DSM 0 0
  self-gen electricity 0 0 0
total 1495 70744 72238 72238
consumer costs
   self-gen 0 0 0
   DSM 0 0 0
out-of state consumer benefits 0 0 0

tariff 43821 -43821 0 0
cost of power generation -48244 -48244 -48244
power sales to others 0 0 0

environmental impacts
Rajasthan -641 -414 -1055
out-of-state -571 -571
global -2806 -2806

returns
Central sector -362 362 0 0
IPPsEquityReturns -739 739 0 0
Govt dividends -3234 3234 0 0
renewable energy 0 0

Revenue subsidy 11263 -11263 0 0
GEF&MNES subsidies 0 0 0 0
taxes,duties, subsidies
Electricity duty 2777 -2777 0 0
Customs duty 0 0 0 0
free hydroPower 0 0 0 0
CST(coal) -344 344 0 0
nuclear subsidy 0 0 0 0
coal Royalties -612 612 0 0
Excise Duties -1549 1549 0 0
total 0 -5253 739 612 2255 1495 24146 0 23994 -1213 -414 -2806 19561
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Figure 4.6. Distribution of net economic benefits 
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4.14 Among consumers we separate out consumption by those that account for 
non-technical losses (“pilferers;” column 6 of Table 4.2). By keeping track of non-
technical losses in each consumer group we can separate out the benefits to these 
nonpaying consumers, as against those who do pay the tariff. Note that the category 
“pilferers” does not include agricultural consumers paying the flat rate: the pilferage in 
the agriculture category thus includes only customers that actually are not paying at all 
(that is, customers that are connected but not registered).36  Figure 4.7 compares the net 
economic benefits accruing to paying consumers with those benefits captured by 
pilferers. 

                                                 
36  In the definition of pilferers used here, this includes consumption by those consumers who have 

damaged, defective, or nonfunctioning meters, and those whose consumption is never billed. 
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Figure 4.7. Distribution of net economic benefits among 
consumers and pilferers 

0

2

4

6

8

CONSUMERS                                                                 PILFERERS

ne
t b

en
ef

its
, R

s.
C

ro
re

domestic
commercial

agriculture
industry

other
industry(HT) domestic

commercial
agriculture

industry
other

industry(HT)

 
 

 
4.15 Finally, Figure 4.8 shows the flow of funds from the GoR. This flow is 
seen to reverse by 2008; thereafter the sector is a net source of revenue for the  
government.37  

Figure 4.8. Flow of funds to/from the GoR 
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37  This excludes electricity duty, which is a pure transfer from consumers to government. This is 

currently used as a source of income to cover the revenue gaps in the sector. 
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The “Stalled Reform” Scenario 

4.16 Rajasthan is committed to reform, making discussion of a “no reform” 
scenario redundant, particularly given that a number of the steps already taken may be 
regarded as essentially irreversible.38  However, assessing the environmental and 
economic impacts of reform is an important question for the overall study, and is 
particularly important for other states that have yet to embark on a reform program. In the 
case of Rajasthan the most useful comparative scenario would be to assume that the 
present timetable is not implemented, for which one may hypothesize the following 
consequences: 

• The use of spot power trading corporation (PTC) purchases and 
sales as the balancing mechanism for the capacity expansion plan 
is no longer possible, as the sector is not likely to become 
creditworthy absent further progress on reform. 

• No additional IPP projects reach financial closure, and additional 
energy and capacity is supplied only from central projects. 

• Investment in T&D continues to lag and T&D loss targets are 
delayed. We assume that by 2010, technical losses remain at their 
2003 levels. 

4.17 These are all exogenous assumptions rather than the result of our models. 
On IPPs the assumptions follow from detailed financial modeling undertaken by the 
financial consultants to the Rajasthan power sector. These are very clear in their 
conclusions that, absent reform, there is insufficient escrow capacity to bring major IPPs 
to closure. The assumptions of lack of tariff adjustment and lagging T&D investment in 
the absence of reform follow directly from the years of experience immediately preceding 
the state’s commitment to reform.  Under these assumptions of “stalled reform, the 
generation requirements are 1,300GWh higher in 2010 because progress in reducing 
T&D losses slows (Figure 4.9). 

4.18 The corresponding capacity expansion plan is shown in Figure 4.10.  
There are no additional IPPs, and base load additions are assumed limited to coal plants 
built in other states by the National Thermal Power Corporation (NTPC). The 
consequences of a failure to reach the reform goals are severe: 

• The PV of unserved energy is 4,533GWh. Self-generation 
increases by  4,133GWh (as PV).  

• The net economic benefits (as NPV) decrease by Rs 72.90 billion 
when environmental externalities are not taken into account (Table 
4.3). 

 

                                                 
38  In the Bihar and Andhra Pradesh case studies and in the EIPS report, this “no reform” scenario is 

described as “business as usual.” However, in Rajasthan “business as usual” refers to the reform path 
as envisaged by the government: therefore, we here use the term “stalled reform.” 
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Figure 4.9. Busbar generation requirements: Stalled reform 
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Figure 4.10. Expansion plan: Stalled reform  
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Table 4.3. Distribution of costs and benefits 

 
• The expected value of health damages increases by Rs 11.43 

billion. This is a consequence of a shift to diesel self-generation, 
the emissions of which generally occur at ground level and in close 
proximity to urban populations, and which cause damage costs per 
unit of emission that are significantly higher than those of grid 
generation. Total emissions change little, however, as the increase 
in emissions from self-generation in Rajasthan is offset by 
decreases in emissions in other states (see Figure 4.11). The CEPA 
project in particular cannot be built in the absence of continued 
reform.  

• The cost structure of the sector changes as indicated in Figure 4.11: 
utility generation and T&D investment fall and investment in self-
generation increases by Rs 12.14 billion (as NPV). The average 

             Rajasthan                Rajasthan economic                    environment economic

power
sector Govt IPPs

Other
State

Govts.
Central
Govt. Pilferers

Consum
ers

GEF/    
MNES/
CDM

before
ENV local air water global

with
ENV

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
consumer benefits
  grid electricity 2298 56559 58857 58857
  DSM 0 0
  self-gen electricity 1924 1924 1924
total 2298 58483 60780 60780
consumer costs
   self-gen -1214 -1214 -1214
   DSM 0 0 0
out-of state consumer benefits 0 0 0

tariff 35809 -35809 0 0
cost of power generation -42862 -42862 -42862
power sales to others 0 0 0

environmental impacts
Rajasthan -2078 -490 -2569
out-of-state -277 -277
global -2746 -2746

returns
Central sector -63 63 0 0
IPPsEquityReturns -158 158 0 0
Govt dividends 0 0 0 0
renewable energy 0 0

Revenue subsidy 9161 -9161 0 0
GEF&MNES subsidies 0 0 0 0
taxes,duties, subsidies
Electricity duty 2365 -2365 0 0
Customs duty 0 0 0 0
free hydroPower 0 0 0 0
CST(coal) -351 351 0 0
nuclear subsidy 0 0 0 0
coal Royalties -548 548 0 0
Excise Duties -989 989 0 0
total 0 -6797 158 548 1403 2298 19094 0 16704 -2356 -490 -2746 11112
ReformBaseline 0 -5253 739 612 2255 1495 24146 0 23994 -1213 -414 -2806 19561
delta -0 -1544 -582 -63 -853 803 -5052 0 -7290 -1143 -76 60 -8449
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incremental cost increases from Rs 3.22/kWh in the reform 
scenario to Rs 3.77/kWh. 

Figure 4.11. Impacts of stalled reform 

 
Note: “Out-of-state” refers to those emissions and damage costs that are estimated to arise in states that export 
electricity to Rajasthan. 
 
4.19 The distributional impacts are illustrated in Figure 4.12. The economic 
losses (before externalities) of Rs 72.90 billion are carried largely by the government, in 
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the form of additional revenue subsidy, and by consumers. The only winners are the 
pilferers, because in this scenario the non-technical losses continue to their benefit. 

Figure 4.12. Economic analysis: Impacts of stalled reform  
relative to the reform baseline 
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4.20 The breakdown of consumer impacts demonstrates the costs and benefits 
to individual consumer groups even more starkly, as shown in Figure 4.13. Pilferers in all 
consumer groups benefit and consumers in all paying groups lose. Industry is a loser 
because its tariff does not decrease (in relative terms), as it would do under reform, and 
agriculture is a loser because demand growth is constrained. 

4.21 There are two additional benefits of reform (and therefore costs of stalled 
reform) not expressly quantified here. These are related to supply quality. First, the 
investment in T&D loss reduction reduces overloading in LT distribution lines and 
thereby also reduces distribution transformer failure rates, bringing down the repair costs 
due to the DISCOs.39  Second, the improved voltage profiles of LT lines will reduce the 
frequency of repair to agricultural pump-sets, which prior to reform typically needed 
rewinding a few times per season. The avoided costs of this motor rewinding are an 
additional benefit to reform. 40  

 
 

                                                 
39  In Andhra Pradesh, the NPV of distribution transformer repair savings (over a 20-year time horizon) in 

the reform program has been estimated at Rs 1.01 billion. In 2003 alone, the savings are estimated at 
Rs 178 million. 

40  As described in Box 1, this may be as much as Rs 9,000/year. 
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Figure 4.13. Consumer impacts of stalled reform 
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Impact of the 2003 Electricity Act 

4.22 One of the most significant provisions of the 2003 Electricity Act is that it 
frees the generating companies (such as RRVUNL) to sell their output to third parties. 
This is likely to be of particular benefit to GENCOs in those reforming states that have a 
high proportion of efficient base load plants; instead of backing down when demand is 
low these plants would be free to sell their output to other states. This issue will become 
of increasing importance for the GENCOs as supply constraints are eliminated by 
reforms: there will be a decrease in system load factors as consumers shift their 
consumption to the more convenient peak hours, and the optimal supply mix will tend 
toward a greater proportion of peak and intermediate load plants. The 2003 Act will 
enable Rajasthan’s existing base load plants (notably Suratgarh and Kota) to be more 
effectively utilized, which will correspondingly improve their annual PLF. Obviously this 
benefit will accrue only to those plants that have high availability (and low forced outage 
rates, achieved through good preventative maintenance programs) and that are able to 
increase their annual utilization. 

4.23 This is modeled in Enviroplan through the assumption that existing base 
load projects operate at their assumed availability rates, and that any additional 
production can be sold to adjoining states or to a PTC. The net economic benefit to 
Rajasthan is estimated at Rs 9.89 billion. This improved economic efficiency of the 
power sector translates into a net economic benefit to India as a whole, which is the basic 
premise of the Act. 

4.24 The impacts of this can be traced in Table 4.4. The power that is assumed 
exported to other states by RRVUNL (column 4: power sales to others) brings a revenue 
of Rs 20.03 billion). It is assumed that this is matched by a benefit to consumers in these 
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states of an equivalent amount,41 such that this entry carries through as an additional 
economic benefit. The cost of power generation in Rajasthan increases (as plant load 
factors increase), but the increase over the reform base case is only Rs 10.14 billion42—
much less than the export revenue of Rs 20.03 billion. 

Table 4.4. Accounting for the impacts of the 2003 Electricity Act  

 
4.25 Thus all stakeholders gain. Consumers gain because it is assumed that 
over the long term the tariff will be adjusted for the greater efficiency of generation in 

                                                 
41  In theory, these benefits would be diminished by the amount of transmission losses involved in export. 

Given that the average willingness to pay of consumers in the other states is likely to be higher than the 
tariff, we assume these cancel each other out. 

42  Rs 492.58 billion (see Table 4.4) versus Rs 482.44 billion in the base case (Table 4.1). 

              Rajasthan                Rajasthan economic                    environment economic

power
sector Govt IPPs

Other
State

Govts.
Central
Govt. Pilferers

Consum
ers

GEF/    
MNES/
CDM

before
ENV local air water global

with
ENV

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
consumer benefits
  grid electricity 1495 70744 72238 72238
  DSM 0 0
  self-gen electricity 0 0 0
total 1495 70744 72238 72238
consumer costs
   self-gen 0 0 0
   DSM 0 0 0
out-of state consumer benefits 2003 2003 2003

tariff 43300 -43300 0 0
cost of power generation -49258 -49258 -49258
power sales to others 2003 -2003 0

environmental impacts
Rajasthan -728 -456 -1184
out-of-state -571 -571
global -3000 -3000

returns
Central sector -362 362 0 0
IPPsEquityReturns -739 739 0 0
Govt dividends -3234 3234 0 0
renewable energy 0 0

Revenue subsidy 10869 -10869 0 0
GEF&MNES subsidies 0 0 0 0
taxes,duties, subsidies
Electricity duty 2777 -2777 0 0
Customs duty 0 0 0 0
free hydroPower 0 0 0 0
CST(coal) -375 375 0 0
nuclear subsidy 0 0 0 0
coal Royalties -656 656 0 0
Excise Duties -1549 1549 0 0
total -0 -4858 739 656 2286 1495 24666 0 24984 -1300 -456 -3000 20228
ReformBaseline -0 -5309 739 612 2255 1495 24202 0 23994 -1213 -414 -2806 19561
net change -0 451 0 44 30 0 464 0 989 -87 -42 -194 667
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Rajasthan, and the GoR gains because, in the short term, revenue subsidies decrease by 
the amount of the additional net revenue in RRVUNL. 43  

Figure 4.14. Distributional impacts 
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4.26 Although it appears from Figure 4.14 that these gains are achieved at the 
cost of the environment, this is not the case from the perspective of India as a whole. The 
environmental costs shown are the incremental impacts in Rajasthan alone, and these will 
be largely offset by a corresponding credit in the states purchasing the power exported by 
Rajasthan. The benefit accruing to the importing states may be slightly smaller than 
Rajasthan’s costs due to the incremental transmission losses that are incurred when power 
is exported. 

 

Tariff Reform 

4.27 The World Bank has estimated the 2000 cost of supply at various voltage 
levels (as the long-run average incremental cost) (LRAIC) as shown in Table 4.5 (World 
Bank 2000a). The HT industrial tariff should be 71 percent of the average, but in fact is 
140 percent—almost double the economically efficient value. Agriculture should be 113 
percent of the average, but is actually 36 percent. 

                                                 
43  The distribution of the economic benefits between consumers and the GoR (as the owner of the power 

sector entities and as the source of subsidy) follows from assumptions in the model: namely that after 
2010, the tariff is adjusted to meet 100 percent of the revenue requirements of the sector (inclusive of 
equity returns to the owner, assumed here to be the GoR). In the period before 2010,the tariff is 
assumed to be linearly interpolated between the present tariff and the 2010 revenue requirements tariff, 
the implication of which is that in year 2003 all the improvement in cash flow accrues to GoR (since 
the tariff is fixed). This will change over time to favor consumers, in 2010 reaching a pure RR tariff 
that is calculated in such a way that zero revenue subsidy is required from the government. 
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Table 4.5. LRAIC v. actual tariffs 

 LRAIC 
(Rs/kWh) 

LRAIC as 
proportion of 
average tariff 

Actual tariff 
(Rs/kWh) 

Actual tariff 
as proportion 

of average 
tariff 

Ratio of 
tariff to 
LRAIC  

HT industry 2.3 71% 3.98 140% 1.7 
MT industry 2.34 73% 3.33 117% 1.4 
LT industry 3.37 105% 3.25 115% 1.0 
LT commercial  3.46 107% 4.28 151% 1.2 
LT residential 4.12 128% 2.03 72% 0.5 
LT agriculture 3.64 113% 1.02 36% 0.3 
Average 3.22 1 2.83 1 0.9 

Source: World Bank (2000a). 
 
4.28 Clearly the actual tariff is substantially different to the cost of supply. As 
illustrated in Figure 4.15, the tariff structure is in fact almost the inverse of what 
constitutes an economically efficient tariff. 

Figure 4.15. Actual versus ideal tariff, 2000   

 

4.29 The PWC tariff projections for the reform program show some change in 
structure—that is, in the relative prices across the consumer groups. The basic pattern of 
cross-subsidies remains, however, with tariffs still far from accurately reflecting the 
differences in cost of service (see Table 4.6). 
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Table 4.6. Relative tariff structure (as proportions of the average tariff) 

 2001 tariff 
structure  

PWC forecast (fiscal 
 2007 baseline reform) 

Domestic  0.77 1.01 
Commercial 1.73 2.28 
Public lighting 1.24 1.64 
LT industry 1.37 1.80 
HT Industry 1.58 2.09 
Agriculture 0.28 0.57 

 
4.30 The economic principle that tariffs should reflect the cost of service means 
that the HT industrial tariff should be lower than the agricultural tariff. Further increases 
in the industrial tariffs might be self-defeating, reducing consumption because of price-
elastic behavior and causing further self-generation. 

4.31 To examine the potential impacts of tariff reform, we hypothesize the 
structure as shown in Table 4.7. While this structure does not make the agricultural tariff 
the highest, as by cost-of-service principles it should be, the industrial tariff is now lower 
than the average. 

Table 4.7. Tariff reform hypothesis: Tariff level as proportion of average 

 As per PWC 
 baseline reform 

Tariff reform 
hypothesis 

Domestic  1.01 1.32 
Commercial 2.28 1.32 
Public lighting 1.64 1.26 
LT industry 1.80 1.14 
HT industry 2.09 0.90 
Agriculture 0.57 0.90 

 
4.32 A revenue-neutral tariff adjustment would reapportion the costs and 
benefits among the consumers, as shown in Figure 4.16, without changing the physical 
face of the power sector (that is, generation remains the same). When the price-elasticity 
effect also comes into play and consumers adjust their consumption according to the new 
tariffs, real economic benefits become apparent. 
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Figure 4.16. Impact of revenue-neutral tariff reform 
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4.33 All Rajasthan stakeholders win under tariff reform, as shown in Figure 
4.17. Price-elastic behavior induces a decline in overall generation, and hence there also 
is an environmental benefit. Industrial consumption increases and agricultural 
consumption decreases: and as every kWh of agricultural consumption incurs 38 percent 
losses, compared to the 6 percent losses incurred by HT consumption, there is a 
disproportionate decline in generation requirements. 

 Figure 4.17. Distributional impacts of tariff reform 
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4.34 The reason for the significant increase in economic benefits is that there is 
a shift in the composition of consumption. High-tension industry consumes significantly 
more, but HT consumption is less costly to serve; and the agriculture and domestic 
sectors, which are the most costly to serve, consume significantly less electricity. There is 
also an increase in benefits, as the willingness-to-pay of industrial consumers is higher 
than that of agriculture. 

4.35 While tariff reform appears to show that domestic and agricultural 
consumers are net losers, it in fact simply provides the appropriate signals to consumers 
about the true social cost of supply, and provides also a powerful incentive for these 
groups to be more efficient in their use of electricity. The economics of DSM and tariff 
reform together are compelling. By forcing agricultural consumers to pay the real 
economic cost, the incentives for DSM increase; and as is explained in Section 5, tariff 
reform plus DSM is win-win for all. 
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5 
Options 

 

5.1 This section examines the options available to Rajasthan. In each case we 
perturb the baseline reform scenario by imposing some level of DSM or a supply-side 
option: the model then calculates the balance of supply that is required to meet the 
demand, and the tariff and environmental consequences. 

5.2  

Demand-Side Management Options 

Domestic lighting 

5.3 Domestic lighting is responsible for a large part of the evening peak. 
There is significant potential for reducing this peak by the replacement of incandescent 
bulbs by compact fluorescent lamps (CFLs) and by the replacement of iron chokes in 
fluorescent tube-lights by electronic chokes.  

5.4 The following assumptions are made for a DSM program to increase the 
use of CFLs and to replace iron chokes: 

• 1,460 annual lighting hours. 

• 60W incandescent bulbs, costing Rs 10, to be replaced by 15W 
CFLs costing Rs 250. 

• The life of an incandescent bulb is six months and that of a CFL is 
five years. 

• A 40W fluorescent tube- light set with an iron choke consumes 
55W and costs Rs 120; the same tube- light with an electronic 
choke consumes 40W and costs Rs 200. 

• The life of an electronic choke is estimated to be five years, 
compared to two years for an iron choke. 
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Commercial lighting  

5.5 Fluorescent tube lights already have a significant penetration in 
commercial lighting applications, but there are many commercial enterprises where 
further potential for CFL exists (for example, in hotels). The replacement of an iron by an 
electronic choke, however, has a very large potential. We make the following 
assumptions for the commercial-sector DSM program: 

• Annual lighting hours are estimated to be 2,260. 

• 60W incandescent bulbs costing Rs 10 are replaced by 15W CFLs 
costing Rs 250. 

• The life of an incandescent bulb is considered to be six months and 
that of a CFL, five years. 

• A 40W fluorescent tube-light set with iron choke consumes 55W 
and costs Rs 120; the same tube-light with electronic choke 
consumes 40W and costs Rs 200. 

• The life of an electronic choke is estimated to be five years, and 
that of an iron choke, two years. 

 
Distribution losses in the rural area and agricultural pump-set consumption 

5.6 In most of the agriculture-oriented rural distribution networks, line losses 
are of the order of 30 percent. These can be reduced to 6 percent in an economically 
attractive manner by raising the voltage of the distribution system. Under the High 
Voltage Distribution System (HVDS) an 11kV line is extended to very near the end user, 
and final distribution effected via small transformers supplying to a few consumers. This 
brings the end-user voltage to within acceptable limits and thus permits operation of 
energy-efficient pumps. (Existing pumps have an efficiency of about 20–22 percent; the 
new pumps are in theory up to 48 percent efficient and in practice are at least 40–42 
percent efficient.) State-wide implementation of this option would halve agricultural 
consumption. We make the following assumptions for the DSM program: 

• Initially, 5 percent of pump-sets are considered for replacement 
and conversion to HVDS. 

• The existing pump-sets are considered to have an average rating of 
5.39kW (7 horsepower (HP)). The energy-efficient replacement 
pumps are rated 2kW (3HP).  [Ed. The distinction between HP as 
horsepower and HP as Himachal Pradesh will be obvious to all 
except those quite unfamiliar with India] 

• 1,800 annual operating hours. 

• The average life of an existing pump is considered to be five years, 
and that of a new pump, 12 years. 
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• The cost of existing pump-sets is estimated at Rs 10,000. New 
pump-sets are estimated at Rs 30,000, inclusive of all pipelines, 
groundwork, and so forth. 

• The cost of implementing HVDS is Rs 40,000 per pump-set. 

• The total estimated savings are Rs 16,000 per pump-set per year, 
giving a simple payback of 4.3 years. 

 Table 5.1 Pump-set data, Rajasthan 
(March 2000) 

  Jaipur 
DISCO 

Ajmer 
DISCO 

Jodhpur 
DISCO 

State  

Pump-set load based on 
consumption 

     

Agricultural consumption GWh 897 1,242 880 3,019 
Agriculture consumers Number 232,299 240,33

1 
104,853 577,483 

Average load (1,200 
hrs/annum) 

kW/consumer 3.22 4.31 6.99 4.36 

Average load (1,500 
hrs/annum) 

kW/ consumer 2.57 3.45 5.60 3.49 

Average load (1,800 
hrs/annum) 

kW/ consumer 2.15 2.87 4.66 2.90 

Average load (2,100 
hrs/annum) 

kW/ consumer 1.84 2.46 4.00 2.49 

Pump-set load based on 
connected load 

     

Agriculture connected load MW 977 1341 793 3111 
Average connected load kW/ consumer 4.21 5.58 7.56 5.39 
 
5.7 The benefits of DSM are substantial (Figure 5.1). Because these measures 
target the subsidized consumer groups (agriculture and domestic), every unit not sold to 
these sectors brings financial profit to the power sector. Even at the subsidized electricity 
rates that agriculture and domestic consumers enjoy, the benefits to the domestic and 
commercial consumers implementing the DSM measures are highly profitable. 

 



64 Environmental Issues in the Power Sector: Rajasthan 

 

 

Figure 5.1. The distributional impacts of DSM 
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5.8 All consumer groups profit because the financial savings to the utility 
permits, over the long term, a lower tariff (Figure 5.2). Table 5.2 shows a detailed 
breakdown of costs and benefits. 

Figure 5.2. DSM benefits and costs to consumer groups 
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Table 5.2. Distribution of costs and benefits: DSM 

 
5.8  Benefits are further illustrated in Figure 5.3, which shows that the tariff 
declines for everyone (as the revenue increase is assumed distributed to all consuming 
categories). High-tension industry, for example, experiences a Rs 0.17/kWh  decline in 
the levelized tariff. The sectors in which consumption falls because of DSM also 
experience some tariff decline; for example, agriculture sees a 5 percent decrease.44 

                                                 
44  There is greater benefit to be gained by adopting the DSM program than by not adopting the program 

and simply waiting for tariff benefits that will result from the DSM actions of others. 

             Rajasthan                Rajasthan economic                    environment economic

power
sector Govt IPPs

Other
State

Govts.
Central
Govt. Pilferers

Consum
ers

GEF/    
MNES/
CDM

before
ENV local air water global

with
ENV

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
consumer benefits
  grid electricity 1487 70223 71710 71710
  DSM 911 911
  self-gen electricity 0 0 0
total 1487 71134 72621 72621
consumer costs
   self-gen 0 0 0
   DSM -422 -422 -422
out-of state consumer benefits 0 0 0

tariff 43199 -43199 0 0
cost of power generation -47572 -47572 -47572
power sales to others 0 0 0

environmental impacts
Rajasthan -630 -413 -1043
out-of-state -571 -571
global -2787 -2787

returns
Central sector -362 362 0 0
IPPsEquityReturns -711 711 0 0
Govt dividends -3031 3031 0 0
renewable energy 0 0

Revenue subsidy 10904 -10904 0 0
GEF&MNES subsidies 0 0 0 0
taxes,duties, subsidies
Electricity duty 2755 -2755 0 0
Customs duty 0 0 0 0
free hydroPower 0 0 0 0
CST(coal) -341 341 0 0
nuclear subsidy 0 0 0 0
coal Royalties -610 610 0 0
Excise Duties -1476 1476 0 0
total 0 -5119 711 610 2180 1487 24758 0 24627 -1202 -413 -2787 20226
ReformBaseline -0 -5309 739 612 2255 1495 24202 0 23994 -1213 -414 -2806 19561
net change 0 190 -28 -2 -76 -8 555 0 632 11 1 19 665
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Figure 5.3. Year 2000 change in tariff and sales   

 
5.9         In Section 4 we noted that tariff reform appears to imply significant loss of 
net benefits to agriculture. A higher tariff to agriculture would unlikely be paid by most, 
however, because it makes the incentives for DSM that much more powerful; we 
therefore assume that the DSM penetration rate would rise by at least 20 percent. This 
results in an Rs 850 million increase in economic benefits of DSM, to Rs 7.17 billion 
(Figure 5.4), but also a higher (Rs 1.78 billion) increase in consumer benefits, because 
under tariff reform the benefits to domestic and agricultural consumers of avoiding the 
higher tariffs are that much greater. 

Figure 5.4. Impact of DSM in the presence of tariff reform   
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5.10 There also exist many opportunities for DSM in other sectors, notably 
industry (as discussed in detail in one of the EIPS special studies45). However, these are 
not considered appropriate as immediate programs of GoI policy because of their short-
term impact on the finances of the power sector. The short- to medium-term priority 
clearly is to introduce DSM in the subsidized sectors, which is where the win-win 
opportunities are present. Industrial DSM opportunities would be more appropriately 
managed through tariff signals, and left to the sector to implement (see also Section 4). 

 

Efficiency Improvement 

5.11 Efficiency improvement is the most obvious way to reduce the 
environmental burden of power generation, and is at the heart of power sector reform in 
India. In Rajasthan, the existing thermal generating plants are relatively new and well-
run; unlike in other states where the thermal assets at the start of the reform process were 
in dire need of rehabilitation (such as Haryana’s Panipat complex, and most older plants 
in Uttar Pradesh and Bihar), there is little scope for the efficiency improvement of 
Rajasthan’s generating plants. The key objective of the Rajasthan reform process is 
instead the reduction of technical and non-technical T&D losses. 

 
Non-technical loss reduction 

5.12 In the reform baseline we assume that non-technical (NT) losses reduce to 
3 percent by 2010 and to 1 percent by 2015. To examine the consequences of delays in 
this NT loss reduction, we posit an NT loss rate of 6 percent by 2010 and 3 percent by 
2015. 

 
5.13  Failure to reduce NT losses mainly benefits pilferers (Figure 5.5), but 
there are also environmental costs that arise because generation is higher than it would be 
if pilferage were less. This may seem to be a surprising result, but it in fact follows from 
elementary principles. 
 

                                                 
45  EEEC (1997). The EEEC report estimates (for India as a whole) that over a 10-year period, an NPV of 

energy saved in more efficient industrial motor drive systems of some 21,000GWh, as opposed to 
73,000GWh in the agricultural sector. 
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Figure 5.5. Distributional impact of delays in reducing NT loss reduction 

-800

-600

-400

-200

0

200

400

600

-0

-283

19 11
56

394

-577

-379

-29
-11

-58

-477

R
sC

ro
re

s

R PowerSec
GoR

IPPs
otherStateG

Central Govt
pilferers

consumers
GEF

Net benefits
air

water
G.env

Net benefits

 
 

5.14  Pilferers have a very different demand curve from that of paying 
consumers (see Figure 5.6), and therefore their willingness-to-pay (WTP) is also 
different. Almost by definition, the WTP of pilferers is less than the tariff; for most 
consumers, in contrast, the average WTP lies above the tariff. When pilferers are faced 
with having to pay, some therefore will choose not to connect (see, for example, pilferer 
A in Figure 5.6, whose maximum WTP lies below the tariff P). Others will choose to 
connect but their consumption will be significantly less than when electricity was free 
(for example, Pilferer B, who at the tariff P will reduce his consumption from QFREE to 
QPAY). 

Figure 5.6. Demand curve for pilferers  

QFREEQPAY

TARIFF,P

PILFERER B

PRICE

PILFERER A

PAYING
CONSUMER
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5.15 When reform has eliminated supply constraints and those with a high 
WTP purchase all the electricity they desire, any further reduction in NT losses would 
tend to reduce total consumption—an effect that is accounted for in the Enviroplan 
demand model (Figure 5.7). 

Figure 5.7. Busbar generation requirements  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

5.16 Because the costs of supplying pilferers exceed the benefits (see Box 4), the 
overall result is a net economic benefit (and hence the result of Figure 5.5). It therefore 
follows that reducing NT losses is also beneficial to the environment. The key point is not 
that all increased generation is bad, but that increased generation, the costs of which 
exceed the benefits obtained (benefits that in the case of consumption by pilferers are 
often quite small), is bad. Failure to reform would benefit pilferers in all groups and 
would cost paying consumers in all groups (see Figure 5.8). 

Figure 5.8. Distribution of costs and benefits  
(delay in meeting non-technical loss targets) 
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Technical loss reduction 

5.17 The economic and environmental benefits of technical loss reduction are 
more obvious, since any reduction of technical losses is always a pure gain to efficiency. 
However, the question remains: to what level should technical losses be reduced? What 
should be an appropriate target, and what are the benefits of attaining this target sooner 
rather than later? Clearly, the maximum environmental benefit is obtained when losses 
are as close to zero as possible, but there is an intrinsic optimum of technical T&D losses 
that is likely to be in the range of 8–12 percent (the observed rate of T&D losses in 
countries with efficient power sectors). 

5.18 To determine the optimal rate of T&D loss in Rajasthan requires detailed 
engineering, economic, and load flow studies that lie beyond the scope of this report. To 
illustrate the environmental consequences of delays in reaching the reform targets, we 
posit a scenario in which technical losses fall only to 18 percent by 2010, rather than to 
14 percent, as assumed in the baseline; and to only 14 percent, rather than 12 percent, by 
2015. 

5.19 The main effect of delays in meeting technical T&D loss reduction targets 
is an increase in the busbar generation requirement (Figure 5.9), but without any 

 Box 4. Economic costs and benefits of pilferage 

Consider the demand curve for Pilferer A: 

QFREEQPAY

TARIFF,P

PRICE

PILFERER A

PAYING
CONSUMER

X W

ZY

 
The costs of supplying the pilferer’s consumption (assuming that the tariff reflects economic 
costs) is P x QFREE, equal to the area X + Y + W + Z. The benefit to the pilferer is the area under 
his demand curve, that is, Y + Z. The net economic cost to society of supplying the pilferer 
therefore is X + W. 

Since the maximum WTP of pilferer A is less than the tariff, if faced with metering this 
pilferer would choose not to connect. He experiences a loss of benefits in the amount Y + Z.  
However, society avoids the economic costs of supplying him with free power, which is the area 
X + Y + W + Z. The net economic benefit is the difference between the two, namely X + W 
 
 With pilferage After metering Net impact 
Pilferer benefits Y+Z 0 -Y-Z 
Power company’s cost of supply -X-Y-W-Z 0 X+Y+W+Z 
Net benefit -Y-W 0 X+W 
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concomitant increase in economic benefits. The result is the predictable loss to most 
stakeholders shown in Figure 5.10. 

5.20 All stakeholders in Rajasthan would lose from a delay in the achievement 
of the technical loss reduction targets. Since the higher generation is met from out-of-
state sources, the center’s returns and out-of-state coal royalty revenues in contrast 
increase, with the result that it appears as a winner. It is this additional generation 
requirement that imposes additional environmental burdens. 

Figure 5.9. Impact of technical loss reduction on busbar generation requirement 
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Figure 5.10. Distribution of costs and benefits of delays in achieving 
technical loss reduction targets 
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Supply-Side Options 

Nuclear 

5.21 Nuclear power is a controversial generation option. From the standpoint of 
economic efficiency, the key question is whether or not the tariffs charged by the Nuclear 
Power Corporation (NPC) reflect actual economic costs, including the potential costs of 
eventual decommissioning, and the degree to which nuclear fuels are subsidized by the 
GoI. Putting aside the controversy over nuclear safety and the safe disposal of spent fuel, 
there are also environmental advantages to nuclear generation: notably the avoidance of 
GHG emission associated with coal generation and the absence of damage costs 
associated with local air pollutants. In fiscal 2002 Rajasthan obtained some 3,805GWh 
from the Rajasthan Atomic Power Project (RAPP).  

5.22 Rajasthan has no direct influence over the quantum of nuclear power that 
is potentially available to it, since the investment program of NPC is determined at the 
center. India’s nuclear power program is summarized in Table 5.3. Which of the 
proposed plants will actually materialize, given the resource constraints faced by the 
NPC, is unclear. However, one may hypothesize that if the 2 x 500MW project in 
Punjab/UP materializes, or if RAPP units V and VI are completed, Rajasthan will be 
allocated some share. We take here that share to be 400MW, and assume its availability 
from 2010 onwards.  

Table 5.3. India's nuclear power program 

 Existing (MW) Under construction 
(MW) 

Proposed 
(MW) 

TAPP 2 x 160  2 x 500 
RAPP 2 x 220 2 x 220 2 x 500 
NAPP 2 x 220   
Kalpakkam 2 x 170   
Kankarpara 2 x 220  2 x 220 
Kaiga  2 x 220 4 x 220 
Jaitapur (Maharashtra)   2 x 500 
PFBR (Kalpakkam)   1 x 500 
Kudankulam   2 x 1,000 
New plant in 
Punjab/Uttar Pradesh 

  2 x 500 

Total 1,980 MW 880 MW 6,820 MW 
Source: CEA (1999)    

 
5.23 The economic costs of nuclear power in India are difficult to establish.46  
The CEA normative value of Rs 57 million/MW for the financial cost, including interest 
during construction (IDC), seems low compared to the corresponding CEA normative 
figure for a 500MW coal unit of Rs 44 million/MW—especially given that the gestation 

                                                 
46  The most recent article in the literature on the Indian nuclear power program is completely silent on 

costs, other than to make general claims of “economic viability with costs comparable to coal-powered 
generation” (Prasad, 1998). 
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period for nuclear plant is at least two years longer than that of a coal plant.47  For the 
purposes of this study we take the economic cost of nuclear power to be Rs 80 
million/MW.48  The costs of nuclear fuel are taken as per CEA’s assumptions, at Rs 
5,500/kg, with an equivalent heat value of 102,000kCal/g. 

5.24 As shown in Table 5.4, nuclear power has the expected beneficial impacts 
on GHG and local air emissions. Whether or not these advantages offset the 
environmental concerns regarding radioactive waste disposal are debatable, 
notwithstanding that our capital cost estimates expressly include the costs of 
decommissioning (as the PV of the decommissioning cost at the end of a plant’s 
economic life).49  

Figure 5.11. Summary of stakeholder impacts, nuclear power 
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47  A recent study of nuclear power in China conducted by the World Bank assessed the economic capital 

cost at US$1800/kW, or Rs 77.4 million/MW. The only detailed Indian assessment in the public 
domain of the costs of nuclear power is a 1992 study by the Tata Energy Research Institute (TERI 
1992). This analyzed the reported costs of the 235MW Madras Unit 1 and determined an economic 
cost of Rs 8.01 billion at 1990 prices (Rs 340 million/MW). To this is added the TERI estimate of Rs 
9,720/kW for decommissioning charges, giving a total of Rs 43.7 million/MW. When this is brought to 
1997–1998 price levels one obtains Rs 61 million/MW, which is higher, though not significantly so, 
than the CEA normative figure. Given construction times that TERI claims have typically been of 9–15 
year duration, the IDC burden will also be considerably higher than that incurred by coal plants. 

48  From Rajasthan’s perspective, if the GoI chooses to subsidize nuclear power then that can only be to 
Rajasthan’s benefit. NPC’s tariffs are unlike those of NTPC’s new projects, which are now fairly close 
to the economic cost (plus taxes and royalties, as levied). 

49  This highlights the difficulty with emissions as an attribute, for the actual environmental risk from 
solid waste disposal, whether from spent nuclear fuel elements or from ash, is largely unrelated to 
quantity. Better proxies might be the number of sites requiring monitoring, or proximity to the nearest 
water supply. 
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Table 5.4. Impacts of nuclear power 
(relative to reform baseline) 

 
5.24   Nuclear power is not economic, with a net loss of economic benefit of Rs 
3.34 billion. The assumption is that the effective central sector subsidy exactly offsets the 
economic loss.50  While there are local air emission gains (as emissions from fossil plants 
reduce), these accrue to other states, since nuclear power replaces coal-based power 
generated elsewhere. The opportunity costs of consumptive water use (Rs 320 million), 
however, go to the account of the state in which the plant operates.51  The gain in GHG 

                                                 
50  According to the 2001 RRVPNL Tariff Order of the Rajasthan Electricity Regulatory Commission 

(RERC) the purchase price from RAPP I, II, III, and IV is Rs 1.81/kWh, Rs 2.18/kWh, Rs 2.84/kWh, 
and Rs 2.84/kWh, respectively. By comparison, power purchased from Dadri thermal is Rs 2.48/kWh. 
The recent central sector projects are all more expensive to Rajasthan than the pooled cost of power 
from RRVUNL (at Rs 2.12/kWh). 

51  The model only accounts for consumptive water use in Rajasthan. 

              Rajasthan                Rajasthan economic                    environment economic

power
sector Govt IPPs

Other
State

Govts.
Central
Govt. Pilferers

Consum
ers

GEF/    
MNES/
CDM

before
ENV local air water global

with
ENV

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
consumer benefits
  grid electricity      0 0  0    0
  DSM       0  0     
  self-gen electricity       0  0    0
total      0 0  0    0
consumer costs              
   self-gen       0  0    0
   DSM       0  0    0
out-of state consumer benefits   0     0    0

             
tariff -48      48  0    0
cost of power generation -334        -334    -334
power sales to others 0   0     0     

             
environmental impacts             
Rajasthan          -0 -0  -0
out-of-state          70   70
global            108 108

             
returns              
Central sector -64    64    0    0
IPPsEquityReturns 127  -127      0    0
Govt dividends 81 -81       0    0
renewable energy 0  0           

             
Revenue subsidy -147 147       0    0
GEF&MNES subsidies 0       0 0    0
taxes,duties, subsidies             
Electricity duty  0     -0  0    0
Customs duty 0    0    0    0
free hydroPower 0   0     0    0
CST(coal) 5    -5    0    0
nuclear subsidy 407    -407    0    0
coal Royalties 25   -25     0    0
Excise Duties -51    51    0    0
total 0 66 -127 -25 -297 0 48 0 -334 70 -0 108 -155



Options   75 

 

 

emissions also follows from the substitution of nuclear for coal-based generation: the 
avoided costs of carbon are US$8/ton. 
 
 
Lignite 

5.25 Rajasthan has substantial lignite deposits, with a suggested potential of 
1,500MW. Proposed projects are shown in Table 5.5. These are assumed implemented in 
our lignite development scenario over the time frame 2006–2015, during which period 
they are assumed to meet Rajasthan’s requirement for base load plant (and are assumed to 
displace the coal-by-wire projects assumed in the reform baseline). 

Table 5.5. Proposed lignite projects in Rajasthan 

Giral 2x 125MW 
Kapurdi 2x 125MW 
Jalipa 2x 125MW 
Hadla 2x 125MW 
Barsingar 2 x 250MW 
Source: RRVUNL   

 
5.26 RRVUNL proposes to develop the first 125MW lignite project in 
Rajasthan at Giral, where some 31.5 million tons of lignite are confirmed (RRVUNL 
2002). The Rajasthan State Mineral Development Corporation (RSMDC), which has 
already started mine development, will supply lignite with a gross calorific value (GCV) 
of 3,200kCal/kg at an all- in cost, including limestone, of Rs 714/ton. Although this 
lignite has a lower GCV than does the coal imported from the Western coalfields, the 
avoidance of high coal transportation costs (see Table 3.5) makes this a highly cost-
effective fuel (Table 5.6). 

Table 5.6. Burner-tip fuel costs: Indian coal versus mine-mouth lignite  

  Lignite Indian 
Coal 

Calorific value (GCV) kCal/kg 3,200 4,300 
Heat rate  kCal/kWh 2,650 2,200 
Delivered cost Rs/ton 714 a 2,200 
Fuel cost Rs/MCal 0.22 0.51 
 Rs/kWh 0.59 1.13 
a Including cost of limestone. Lignite cost alone is Rs 650/ton 

 
5.27 Table 5.7 shows the capital costs of the project. These are applied for all 
plants in the lignite scenario. 
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Table 5.7. Capital cost assumptions for 125MW lignite project 

 Financial cost 
(Rs billions) 

Rs millions/MW 

Project cost 4.72 37.8 
Taxes and duties 0.72  
Total project cost 5.44 43.5 
IDC 0.73  
Total 6.17 49.4 
Economic cost 4.72 37.8 
Source: RRVUNL   

 
5.28 The main environmental issue is the high sulfur content of Rajasthan’s 
lignite, which is between 5 and 6 percent. Conventional pulverized coal technology is not 
appropriate to address this problem, so flue gas desulfurization (FGD) would be 
necessary. Circulating fluidized bed combustion (CFBC) is a proven technology, and 
Indian-manufactured units have seen successful application at the 125MW scale in 
Gujarat. This technology has the advantage that the addition of limestone, which is 
available in good quantities near the project site, can reduce sulfur emissions by 90 
percent, bringing them to levels slightly below those from pulverized coal boilers using 
typical Indian coals. 

Figure 5.12. Impact of lignite development  
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5.29 As shown in Figure 5.12, the net economic benefit relative to the reform 
baseline is some Rs 6.62 billion. The GoR gains from a more profitable power sector and 
consumers gain from the lower tariffs that follow from lignite use. IPPs lose (because 
lignite displaces IPP projects elsewhere), as does the central government, which loses the 
assumed Powergrid equity returns on the transmission lines that would be needed to bring 
power to Rajasthan. Those states that supply coal to Rajasthan also would lose royalties.  
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Figure 5.13. Lignite: Changes versus the reform baseline   
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5.30 The environmental consequences—a net reduction of local air damage 
costs—may appear counterintuitive, but are readily explained. While there is a net 
increase in total SO2 emissions, the increase in Rajasthan occurs in a remote, largely 
desert, area of very low population; the damage costs are therefore smaller than those that 
would be experienced in the coal-producing areas of India. 

5.31 The opportunity costs of increased consumptive water use represent a real 
economic cost, however, reducing the economic benefits by some Rs 960 million. When 
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these are accounted for the lignite option nonetheless brings substantial net benefits to the 
state, and therefore represents an attractive option for Rajasthan. 

 
Natural gas 

5.32 Combined-cycle power generation is one of the most cost-effective 
options for thermal power generation, as evidenced by the many gas-fired IPPs that are 
successfully and economically operating in Andhra Pradesh and Gujarat. Most important, 
from an environmental perspective, the air emissions per kWh are significantly lower, 
benefiting both local and global environmental goals. 

5.33 At US$24/bbl—and a delivered, imported regasified LNG price of 
US$5.56/MBtu (Table 3.6)—gas is not economic. This is despite the much lower capital 
costs of CCCT, when compared with coal, and the additional saving of Rs 20 
million/MW for the avoided investment of the CEPA–Jaipur HVDC line. Equity returns 
to IPPs and to the GoI decrease because of the lower investment in generation and 
transmission, respectively. 

Figure 5.14. Distribution of costs and benefits  
(US$24$bbl world oil price) 
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5.34 The environmental benefits are significant, but are insufficient to prevent a 
net loss. There is also cost to Rajasthan of Rs 350 million for consumptive water use (in 
the baseline, the consumptive water use for coal-based thermal generation is charged to 
the coal-producing state). Crude oil prices would need to fall to US$18/bbl for gas prices 
to become economic, as shown in Figure 5.15. At this level the net economic benefit is 
Rs 630 million. 
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Figure 5.15. Distribution of costs and benefits (US$18/bbl) 
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5.35 If a gas pipeline were to be built from the Gulf or Central Asia, the 
delivered price of natural gas to Rajasthan would likely be much lower, and at a delivered 
US$3.5/MBtu the net economic benefits to Rajasthan would rise to Rs 5.97 billion. This 
is a consequence of Rajasthan’s unfavorable position for coal imports (freight costs for 
which, at Rs 1,200/ton, exceed the ex-mine price). Gas remains more expensive than 
lignite, which has benefits of Rs 7.74 billion. 

Figure 5.16. Distribution of costs and benefits 
(Iran gas pipeline) 
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Solar thermal 

5.36 A solar thermal power project has been under discussion in Rajasthan 
since 1988.52  The current plan is for an integrated solar combined-cycle (ISCC) project 
with a 35MW solar component and 105MW combined-cycle turbine, using regasified 
LNG. An agreement with the Gas Authority of India was signed for the latter in June 
2002. The project is expected to obtain a US$49 million grant from the GEF toward the 
estimated capital cost of Rs 8.71 billion, with a further grant of Rs 500 million expected 
from the Ministry of Nonconventional Energy Sources (MNES) and a Rs 500 million 
equity contribution due from the GoR. At capital costs of Rs 62.2 million/MW (compared 
to Rs 23 million/MW for CCCT alone) this clearly is an expensive project. With all 
capital subsidies factored in, the capital cost remains high, at Rs 41.8 million/MW. 

5.37 The economics of this project are unfavorable. While it is true that the 
project would result in substantial environmental benefits, when these are taken into 
account the net economic benefits are –Rs 3.89 billion (based on a US$24$/bbl oil price, 
or LNG at Rs 10,617/1,000 standard cubic meters).  

Figure 5.17. Impact of the Mathania project  
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5.38 The actual avoided cost of carbon is US$126/ton, rather than US$15/ton 
assumed in the calculations and as shown in Figure 5.17). For the project to be economic, 
considering only the carbon externality, the GHG emissions benefit would need to be Rs 
4.85 billion. 53   

                                                 
52  For an overview of the history of the project, see Rajana and Agarwal (2002). 
53  In these calculations we use the discounted cost of carbon, as would apply, for example, from the sale 

of carbon credits in a global carbon market. Using the Global Environment Facility methodology of 
calculating the carbon benefit with a zero discount rate (that is, undiscounted), the avoided cost of 
carbon is only US$31.4/ton (see Table 6.3). 
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Wind 

 
5.39 Tamil Nadu and Gujarat account for most of the 1,080MW of wind 
capacity installed in India to date (Table 5.8). Rajasthan has only 54MW installed. 
According to the latest DNES annual report, Rajasthan is endowed with modest wind 
resources with a technical potential of some 885MW (a figure that is based on the 
maximum penetration of wind energy of 20 percent of the relevant grid). 

Table 5.8. Installed capacity (MW wind generation) 
 As of 31 

December 1999 
As of 31 

December 2001 
Gross potential 

(MW) 
Technical 

potential (MW) 
AP 68 92 8,275 1,550 
Gujarat 167 167 9,675 1,750 
Rajasthan 28 54.8 6,620 1,025 
Kerala  2 2 875 605 
Madhya Pradesh 21 22.6 5,500 1,200 
Maharashtra 33 320 3,650 2,990 
Rajasthan 2 14 5,400 885 
Tamil Nadu 758 832 3,050 1,700 
Orissa   1,700 680 
Others 2 3 450 450 
Total 1,080 1,507 45,195 12,835 
Source: DNES Annual Report 2002. The estimate of technical potential is that of DNES. 
 
5.40 At present costs of around US$1,000/kW (Rs 48 million/MW) (see Table 
5.9), wind power is not economic when capacity penalties are properly assessed.54  

Table 5.9. International price comparisons for wind power 

 US$/kW Basis/breakdown  
China, present cost (3) US$1,028 Equipment cost 6,000 Yuan/kW; site costs 2500 

Yuan/kW 
China, 2010 estimate (3) US$785 Equipment cost 4,000 Yuan/kW; site costs 2,500 

Yuan/kW 
Croatia, Ravne 5.6MW US$991 Of which equipment US$749/kW; 750kW machines 
Germany, 2001 actual US$1,072 Average of 11 German wind farms with start-up dates 

in 2001 (1) 
USA, 2001–2002, actual US$1,100 Average cost of three wind farms totaling 350MW in 

Texas and Pennsylvania (2) 
Sources:    
(1) Wiesenthal, Meier, and Milborrow (2001) 
(2) As reported in Renewable Energy World (2003) 
(3) World Bank (2003) 

                                                 
54  Capacity penalties arise because wind power may not be available during peak hours. To maintain the 

same level of reliability some additional standby capacity must be available to meet peak demand. The 
simple calculation of production cost per kWh therefore overestimates wind power’s actual value to 
the system. Note that capacity penalties are quite distinct from the lower annual plant load factors, 
which in the case of wind plants typically lie in the range of 25 to 35 percent. 
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5.41 Wind power costs are declining as scale economies lower the costs of 
turbine-generators. Unit costs are expected to decrease between 10 and 15 percent for 
every doubling of worldwide installed capacity: today’s costs of around US$750/kW (for 
the turbine-generator) are expected to decline to US$500/kW over the next decade. The 
present total installed costs of Rs 48 million/MW (US$1,000/kW) can be expected to 
decline to Rs 36 million/MW by 2010 and to Rs 32 million/MW by 2015. 

Figure 5.18. Wind power cost trends 
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5.42 The economics of wind power in Rajasthan ultimately will be determined 
by the existence of sites with appropriate capacity factors (see Figure 5.19). 

Figure 5.19. Wind power costs as a function of annual capacity factor 
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5.43 The wind power scenario is based on the assumption that between 2005 
and 2015, 50 percent of the technical potential—some 440 MW—will be developed.55   
Costs are assumed to fall from Rs 48 million/MW to Rs 33 million/MW by 2015. The 
resulting capacity expansion plan is shown in Figure 5.20.  

Figure 5.20. Wind scenario expansion plan 
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5.44 Wind power, however, is not economic, with a net loss of economic 
benefits of Rs 4.02 billion. When the environmental benefits are taken into account, the 
loss is Rs 3.18 billion (Figure 5.21). 

                                                 
55  Scenarios utilizing much greater quantities of wind power are possible, but are likely to be 

problematic: most studies that claim very large penetration of wind power over the next decade or so 
are subject to a number of practical, economic, and technical doubts. For example, a German study 
asserts Europe could provide up to 20 percent of its total base load energy from wind, based on imports 
from North Africa via HVDC (Giebel, Czisch, and Mortenson 2002).  “Wind Force 12” (European 
Wind Energy Association and Greenpeace, 2003) outlines a scenario in which wind would meet 12 
percent of the world’s electricity needs by 2020, with 60,000MW generated in India. This total is 33 
percent higher than the DNES estimate of India’s gross potential, and implies for Rajasthan an 
unrealistic installed wind power capacity of some 7,500MW. For these reasons we have elected to 
assess wind power for Rajasthan by using the more reasonable scenario of 440MW over the next 10 
years. 
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Figure 5.21. Distribution of costs and benefits (wind power) 
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5.45 At the present renewable energy tariff of Rs 3.16/kWh, IPP developers 
will make a healthy surplus if capital costs decline as assumed. The global benefits that 
accrue to developers (for example, from the sale of carbon credits in a Kyoto Protocol 
Clean Development Mechanism (CDM) project) may be passed back to consumers, but at 
US$15/ton these benefits remain small compared to the surplus. Consumers lose because 
the tariff will increase (a fairly obvious consequence if the purchase price is Rs 3.18 and 
the pooled purchase price from RRVUNL is Rs 2.12/kWh). The cost of avoided carbon is 
US$38/ton.  

 
Hydro imports  

5.46 In the past decade Rajasthan has obtained some small shares of hydro 
projects in Himachal Pradesh (HP) and Uttar Pradesh (UP). If the state’s hydro–thermal 
mix is not to deteriorate further, however, Rajasthan will need to undertake some major 
hydro projects, either through large shareholding in National Hydro Power Corporation 
(NHPC) projects or through IPPs. If Nepal were to build any major hydro export projects, 
for example, Rajasthan could take a significant share; Nepal’s efforts to develop large 
hydro projects such as the 750MW West Seti scheme for export to India have 
encountered numerous difficulties, however.  

5.47 For this analysis we assume that some 750MW of hydro projects in UP or 
HP will be developed to Rajasthan’s benefit. The corresponding capacity expansion plan 
is shown in Figure 5.22. The hydro scheme displaces coal and some (but not all) thermal 
peaking capacity.  
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Figure 5.22. The hydro imports scenario 
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5.48 The displacement of thermal generation results in significant decreases in 
all of the thermal-plant-related environmental impacts, and shows a net increase in 
economic benefits (as NPV in constant 2002 rupees) of Rs 3.03 billion. With the addition 
of environmental benefits the economic benefits increase to Rs 4.59 billion (Figure 5.23). 

Figure 5.23. Distribution of costs and benefits (hydro) 
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5.49 Imposition of a 10 percent “free” power royalty to the state in which the 
hydro projects are located does not change the economic benefits, but does change the 
distribution of surpluses among stakeholders. The exporting state benefits, and 
Rajasthan’s consumers experience a corresponding tariff increase. 

Figure 5.24. Impact of “free” hydropower royalty   
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6 
Trade-Offs 

Multi-Attribute Analysis 

 
6.1 A multi-attribute analysis of the alternative scenarios was carried out by 
comparing the corresponding results. The main results are summarized in Table 6.1. SO2, 
NOx, and TSP emissions are given in present value terms, discounted at the rate of 12 
percent as they are local pollutants. Consumptive water use is also discounted. For GHG, 
both discounted and undiscounted values are shown. The trade-off analysis displays the 
physical environmental attributes, and therefore the damage cost is not also counted in 
the economic cost. 
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Table 6.1. Matrix of attributes 

 Economic 
 Benefits(1) 

Undiscounted 

 GHG 
Disc. 
 GHG 

Water 
 Use 

NOx SOx PM-
10 

 [Rs billions] [mt] [mt] [billion 
 gallons] 

[000 
t] t 

[000 
t] 

[000 
t] 

Reform baseline 239.94 135 39 83 306 392 81 
Stalled reform 167.04 124 38 98 299 384 80 
Tariff reform [revenue  
   neutral] 

239.94 135 39 83 306 392 81 

Tariff reform [price-  
   elastic] 

263.62 132 37 78 293 376 78 

Delayed NT loss  
   reduction 

236.15 138 40 85 315 401 82 

Delayed tech. Loss 
    reduction 

229.67 139 40 86 318 405 83 

Wind 235.92 132 38 81 300 384 79 
All DSM 247.08 134 39 82 300 386 80 
All DSM + tariff 
reform 

270.79 130 37 77 287 370 77 

Lignite 246.56 136 39 102 304 415 80 
Hydro 243.24 126 37 86 291 372 77 
Hydro [10 %FP] 243.24 126 37 86 291 372 77 
Gas WOP=US$24/bbl 227.04 106 34 90 248 314 65 
Gas WOP=US$18/bbl 240.57 106 34 90 248 314 65 
Gas: Iran pipeline 245.92 106 34 90 248 314 65 

Mathania  235.09 132 38 83 297 380 78 

Nuclear 236.61 127 37 83 294 375 77 

(1) excluding environmental damage costs 
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6.2 Table 6.2 shows the attribute values as differences to the reform base case. 
The entries shown in boldface indicate the most important impacts. Negative numbers 
show decreases in quantity (good for environmental attributes, bad for economic 
benefits). 

Table 6.2. Differential impacts: changes against the reform base case. 

 Economic Un 
discounted 

GHG 

Discounted 
GHG 

Water 
Use 

NOx SOx PM-10 

 [Rs 
billions] 

[mt] [mt] [billion 
gallons] 

[000 t] [000 t] [000 t] 

Stalled reform -72.90 -12 -1 15 -7 -8 -1 
Tariff reform [revenue  
    neutral] 

-0 0 0 0 0 0 0 

Tariff reform 23.68 -3 -1 -4 -13 -16 -3 
Reform: delayed NT loss 
   reduction 

-3.80 3 1 2 9 10 2 

Reform: delayed  
   technical loss reduction 

-10.27 4 1 3 12 13 2 

Wind -4.02 -3 -1 -2 -7 -7 -1 
All DSM 7.14 -1 -0 -1 -6 -6 -0 
All DSM + tariff  reform 30.85 -5 -2 -5 -19 -22 -4 
Lignite 6.62 1 0 19 -2 24 -1 
Hydro 3.29 -9 -2 3 -15 -20 -4 
Hydro[10%FP] 3.29 -9 -2 3 -15 -20 -4 
Gas WOP=24$/bbl -12.90 -29 -5 7 -58 -78 -16 
GasWOP=18$/bbl 0.63 -29 -5 7 -58 -78 -16 
Gas:IranPipeline 5.97 -29 -5 7 -58 -78 -16 
Mathania  -4.85 -3 -1 0 -9 -12 -2 
Nuclear -3.34 -9 -2 0 -12 -16 -3 
Negative=decrease, Positive=increase in the attribute value  

6.3 Local air emissions are dominated by the gas scenarios, but gas at present 
current world oil prices also has one of the larger negative impacts on benefits. By far the 
largest negative impact on benefits is that of stalled reform, and the largest positive 
benefit is from that of tariff reform.  Lignite, and stalled reform, raise the largest concerns 
about consumptive water use (in Rajasthan). 

 
Greenhouse gas emissions 

6.4 Figure 6.1 shows the trade-offs between undiscounted GHG emissions and 
economic benefits. The quadrants are defined by the reference reform baseline currently 
under implementation in Rajasthan. Options in quadrant II are “lose-lose” with respect to 
this base case (see, for example, the two options that capture delays in achieving the 
technical and non-technical loss reductions—a distinction these two options occupy in all 
of the trade-off plots). Options in quadrant IV are “win-win,” returning high economic 
benefits and low emissions (for example, tariff reform and DSM).  
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6.5 Options in quadrants I and III require trade-offs. For example, the options 
in quadrant III (such as wind and gas at current international LNG prices) have low GHG 
emissions but also low benefits (higher costs). Options in quadrant I, such as lignite, have 
high GHG emissions but high benefits. 

6.6 There is little difference to the trade-offs when GHGs are discounted, as in 
Figure 6.2. Representation as discounted emissions has the benefit that the cost of 
avoided carbon may be directly gauged from the slope of the line connecting any option 
and the baseline. 

Figure 6.1. GHG emissions (undiscounted) versus economic benefit 
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Figure 6.2. Economic benefit versus discounted GHG emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.7 The corresponding costs of discounted avoided carbon are shown in Table 
6.3. Only those shown in bold type (namely those in quadrant III) would theoretically be 
eligible for GEF funding (that is, those that have higher costs than the base case scenario 
but lower GHG emissions). These include wind and Mathania solar.   

6.8 The costs of avoided carbon use the GEF methodology in which the 
carbon savings over the project lifetime are added without discounting). This gives the 
appearance of a lower cost of avoided carbon than is actually the case. When emissions 
are discounted (as they need to be for any calculation of carbon revenue streams from, 
say, the sale of carbon credits in a global carbon credit market), the costs of avoided 
carbon are roughly four to five times greater. For example, for wind power the discounted 
avoided cost of carbon is US$128/ton rather than the US$26.1/ton shown in Table 6.3. 
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Table 6.3. Cost of avoided carbon 

 avoided cost avoided carbon 
(undiscounted) 

Avoided  
cost 

 

 [US$ mill]. [mt] [US$/ton]  
Stalled reform -1,519 -11.6 131.1 trade-off 

Tariff reform 493 -3.5 -142.3 win-win 

Reform: delayed NT loss reduction -79 2.9 -27.3 lose-lose 

Reform: delayed tech. loss reduction. -214 3.7 -57.7 lose-lose 

Wind -84 -3.2 26.1 trade-off 

All DSM 149 -1.2 -123.6 win-win 

All DSM + tariff reform 643 -5.0 -128.5 win-win 

Lignite 138 0.7 191.1 trade-off 

Hydro 69 -9.0 -7.7 win-win 

Gas -269 -29.2 9.2 trade-off 

Gas (WOP=US$18/bbl) 13 -29.2 -0.4 win-win 

Gas: Iran Pipeline 124 -29.2 -4.3 win-win 

Mathania  -101 -3.2 31.4 trade-off 

Nuclear -70 -8.6 8.0 trade-off 

 
6.9 The Rajasthan results may be compared to the other case study states of 
Andhra Pradesh (ASCI 1999) and Bihar (SCADA 1999). Table 6.4 shows this 
comparison in terms of U.S. dollars per ton of avoided carbon emissions. DSM is win-
win in all cases, as is biomass utilization (this is not an option case in Rajasthan). Gas 
utilization everywhere requires a trade-off. In Uttar Pradesh, the cost of avoided carbon 
associated with gas (LNG) is high (US$20/ton carbon) because of the long transportation 
distance, while in Bihar it is high (US$24.1/ton carbon) because it must compete with 
low-cost mine-mouth coal. 
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Table 6.4. Comparison with other states: Cost of avoided carbon in US$/ton carbon  
(measured against reform scenario) 

 Rajasthan Karnataka Uttar Pradesh Andhra 
Pradesh 

Bihar 

DSM  -123 
(agriculture 

+lighting) 

-209 
(agriculture 

+lighting 
+dom. water 

heating) 

 -28.9 
(lighting) 

-18 

Biomass  -19 
(Bagasse) 

-45 
(combustion) 

-18 
(bagasse) 

-44  
(bagasse) 

Refinery residue    3.3 
 

 

Further T&D 
rehab 

   -19.4 -36 
 

LNG/gas -4 to 9.2  20 
 

0.7  24.1 

Thermal plant 
rehabilitation 

  -53 
 

 -71.5 win-win  
(part of 
reform 

scenario) 
Mini hydro  0.6 -17 4 -21.1 

 
Large hydro -7.7 

(UP/HP) 
-10.5 

(Krishna River 
Projects) 

-22 
(Nepal 

Exports) 

 -8.4 34 
(Koel-karo) 

Nuclear 8  27 9.5 2.5 
 

Wind 26   22  
 

Solar  31   100 108 
 

Coal washing   114 167  
Win-win shown in bold italics 
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SOx Emissions 

6.10 Figure 6.3 displays the trade-offs between system cost and SOx emissions. 
As would be expected, the gas scenarios perform the best in reducing SOx emissions.  

Figure 6.3. System cost versus SOx emissions (discounted) 
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Particulate Emissions 

6.11 The trade-offs between system cost and particulate emissions are shown in 
Figure 6.4. As Rajasthan increases its use of washed coal, particulate emissions may be 
expected to fall further, but the modeling does not take into account the higher reliability 
of ESPs when using washed coal. As demonstrated at the Satpura field trials, washed coal 
results in a significantly smaller number of ESP failures, which can in turn have a 
disproportionate effect on annual emissions.56   

Figure 6.4. System cost v. particulate emissions (discounted) 

 
 
 

                                                 
56  A field failure, unless accompanied by immediate shut down, can result in emission performance going 

from the normal 99.7 percent to 80 percent—a 666-fold increase in emissions. It follows that a 12-hour 
period of improper performance can result in the emission of the same amount of particulates as an 
entire year of normal operation at 99.7 percent. 
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7 
Sensitivity Analysis 

Discount rate 

7.1 The results are robust with regard to the discount rate (for which 12 
percent has been used in this report). As indicated in Figure 7.1, for example, lowering  

Figure 7.1. Impact of discount rate on DSM (as NPV) 
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the discount rate from 12 percent to 9 percent results in completely analogous results, 
although the magnitude of the NPVs increases at lower discount rates. Further lowering 
of the discount rate shows similar results. 

7.2 Figure 7.2 shows the trade-off between particulate emissions and the PV 
of benefits at 9 percent for all options (compare with Figure 6.4, for which a 12 percent 
discount rate is used). Although the relative positions of the different options shift 
slightly, the essential conclusions remain: stalled reform and delays in achieving 
technical and non-technical loss reduction targets are strongly lose- lose. 

Figure 7.2. Trade-offs: System cost versus particulate emissions                                          
at 9 percent discount rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

Demand Growth 

7.3 The sensitivity of the main conclusions shows similar robustness to the 
second major assumption regarding long-term demand growth. In the reform base case, 
the aggregate consumption demand growth rate over the 20-year time horizon is 5.5 
percent. While one would not expect the conclusions for supply-side options to be 
sensitive to the underlying demand growth rate—for example, wind will be more 
expensive and will reduce emissions no matter what the demand growth rate—the 
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conclusions regarding stalled reform and DSM may well be sensitive to the demand 
growth assumption. 

7.4 Figure 7.3 shows that the impact of DSM at 4 percent and 7 percent 
growth rates (Rs 5.76 billion and Rs 6.billion, respectively) brackets its impact at a 5.5 
percent growth rate (Rs 6.32 billion) (see Figure 7.1).  

Figure 7.3. Impact of DSM at 4 percent and 7 percent aggregate  
demand growth rates  
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7.5 The results for stalled reform are analogous: again, the net economic 
losses at 4 percent and 7 percent demand growth (Rs 51.71 billion and Rs 104.64 billion) 
bracket the base case result of Rs 72.90 billion (see Figure 4.12). 
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Figure 7.4. Impact of stalled reform at 4 and 7 percent demand growth 
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Carbon Damage Costs 

7.6 This analysis uses a value for carbon (US$15/ton) that is based on PCF 
expectations of the market for carbon emissions reductions. However, this market price 
does not necessarily reflect future damage costs: the IPCC estimates of the range of 
damage costs in fact are significantly higher, reaching as much as US$150/ton carbon. 
While the estimates are strongly dependent upon the discount rates used—and damage 
cost estimates in the US$50–150/ton carbon range generally are based on discount rates 
of less than 5 percent—the question remains whether or not the use of higher values 
would change the conclusions of this study.  
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7.7 A win-win option such as DSM (see Table 6.3) remains win-win whatever 
is the actual value of carbon damage. The cost of avoided carbon represented in Table 6.3 
is equivalent to the switching value for the damage cost: thus, for example, Mathania 
becomes economic (for the global community) if the damage cost is US$31/ton or 
greater. Unfortunately, the actual GEF contribution is less than this value. It is unclear 
why Rajasthan, which is one of the world’s poor areas, should pay for the incremental 
costs. 

7.8 Table 7.1 shows the net economic benefits at US$15/ton, and, at 
US$50ton and US$150/ton, the range of IPCC damage cost estimates. The highlighted 
cells show when options that are uneconomic in the absence of carbon externalities (that 
is, that have a negative value in column 1) become economic. For example, wind and 
Mathania are uneconomic at US$15/ton, but are economic at the IPCC low estimate of 
US$50/ton. Stalled reform is uneconomic even at the IPCC high estimate—in other 
words, the net benefits are negative even if carbon is valued at US$150/ton. In contrast, 
gas (at present prices) and nuclear, which are not economic in the absence of carbon 
credits, are economic at the US$15/ton baseline valuation. 

Table 7.1. Net economic benefits at IPCC damage cost valuations  
(in Rs millions as NPVs) 

 Economic 
benefit 
 before 

carbon credits 

Carbon 
benefits 

@US$15/ton 

Net 
economic 
benefit 

Carbon 
benefit at 

US$50/ton 
(IPCC low) 

Net 
economic 

benefit 

Carbon 
benefit at 

US$150/ton 
(IPCC high) 

Net 
economic 

benefit 

 [1] [2] [3=1+2] [4] [5=1+4] [6] [7=1+6] 
Stalled reform -15,190 600 -14,580 2,020 -13,170 6,050 -9,140 

Tariff reform 4,930 1,070 6,000 3,570 8,510 10,720 15,660 

Reform:  delayed NT 
loss reduction 

-790 -580 -1,370 -1,940 -2,730 -5,810 -6,600 

Reform: delayed 
technical loss reduction 

-2,140 -800 -2,940 -2,660 -4,800 -7,980 -10,110 

Wind -840 470 -370 1,570 730 4,710 3,870 

DSM 1,320 190 1,510 650 1,970 1,950 3,270 

DSM + tariff reform 6,430 1,390 7,820 4,630 11,060 13,900 20,330 

Lignite 1,380 -90 1,290 -310 1,070 -940 440 

Hydro 690 1,220 1,910 4,070 4,750 12,200 12,880 

Hydro,10% free power 690 1,220 1,910 4,070 4,750 12,200 12,880 

Gas -2,690 3,410 720 11,370 8,680 34,110 31,420 

Gas(WOP=US$18/bbl) 130 3,410 3,540 11,370 11,500 34,110 34,240 

Gas: Iran Pipeline 1,240 3,410 4,660 11,370 12,610 34,110 35,350 

Mathania  -1,010 580 -430 1,920 910 5,770 4,760 

Nuclear -700 1,080 390 3,610 2,920 10,840 10,140 
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8 
Conclusions 

 

The importance of power sector reform 

8.1 This study permits a number of conclusions about the long-term 
environmentally sustainable development of the Rajasthan power sector. The first is that, 
of all the options studied, by far the worst outcome for environmental damage costs is 
stalled reform (see Figure 8.1). The variations in environmental damage costs across the 
various options, from DSM to wind to lignite, pale in comparison to the increase in 
environmental damage costs that follow failure to reform as planned. 

Figure 8.1. Environmental damage costs in Rajasthan  
versus net economic benefits  (as NPV in Rs 10 millions) 
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8.2. Stalled reform has by far the lowest economic benefits as well as by far 
the highest environmental damage costs. Power sector reform is thus a classic win-win 
strategy.  Moreover, this conclusion changes little if we include out-of-state 
environmental damage costs, as shown in Figure 8.2. 

Figure 8.2. Total local environmental damage costs versus net economic benefits 
(as NPV in Rs 10 millions) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.2 The monetary valuation of environmental damage costs is subject to some 
uncertainty.  But as shown in Figure 8.3 (for total PM-10 emissions), even if one were to 
use the quantity of emissions as the relevant numeraire for the environmental objective, 
the only options that perform worse than no reform at all are those involving delays in 
attaining loss reduction targets. All the options have emissions that are no worse than 
stalled reform, and all deliver economic benefits that are significantly greater.  

8.3 Even should it be true that the absolute quantity of emissions would be 
greater under reform, what matters is where these emissions occur; particularly, the 
extent to which they are close to population centers or natural ecosystems. For example, 
even with the use of fluidized bed combustion technology, lignite development in 
Rajasthan would result in an increase in SO2 emissions—but SO2 emissions on the edge 
of the Thar desert, far from major population centers, do not constitute a material 
environmental issue. 
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Figure 8.3. Total PM-10 emissions   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.4 Figure 8.4 shows how much greater are the changes in the cost structure of 
the power sector under stalled reform than under other options. Bars above the line in this 
chart represent increases in costs and bars below represent decreases in costs: if reform 
stalls (and IPPs cannot reach financial closure), there would be significant reductions in 
generation and T&D investments. These costs, however, would be far outweighed by the 
decrease in benefits. 
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Figure 8.4. Changes in cost structure: Stalled reform  
versus selected other options   
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The importance of tariff reform 

8.5 Although the presently envisaged reform process plans significant 
increases in some tariff categories (notably agriculture), the fundamental structure of 
tariffs is not expected to change: industry, for which the cost of supply is the least among 
the different options, still has the highest tariff; and agriculture, which has the highest 
cost of service, has the lowest tariff. This violates the fundamental principle of economics 
that tariffs should reflect the actual cost of service. 

8.6 Given the present political compulsions it would not be practical to 
propose radical shifts in the tariff structure, yet as shown by this study the benefits of so 
doing would be substantial. Figure 8.5 shows the environmental damage costs and 
economic benefits of some of the options examined in this report. Starting with the 
reform baseline, there are several options that would lower environmental damage costs 
(DSM, hydro, and lignite all would both lower damage costs and improve economic 
benefits). Tariff reform would bring comparable environmental benefits and significantly 
greater economic benefits—and DSM and tariff reform together bring even greater 
economic benefits and even greater reductions in environmental damage costs. 
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Figure 8.5. Environmental damage costs and economic benefits 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

DSM and policy independence as a component of sustainability 

8.7 DSM in the tariff-subsidized sectors is clearly win-win and, importantly, 
the policy initiatives required are entirely within the control of Rajasthan. There are other 
attractive win-win options, but for these to materialize would require decisions by others 
and technology developments elsewhere. The Iran gas pipeline may or may not come, for 
example; LNG gas prices may or may not be decoupled from the crude oil price; and 
wind power capital costs may or may not decrease (and the rate of decrease is certainly 
not dependent upon the extent to which Rajasthan adopts wind power, since decreases in 
wind capital costs will follow from the global market for wind power). Exactly the same 
is true for the Mathania solar project. Hydro projects in HP and UP may appear attractive, 
but the risk of delay would be difficult for Rajasthan’s decision-makers to mitigate. 

8.8 DSM, in contrast, is dependent upon no such risk factors and could 
immediately be implemented as a state program. Clearly the same is true of tariff reform 
and technical and non-technical loss reduction: they all require no actions by third parties 
and are independent of events in other states. The same also is true of lignite 
development, for which a demonstrated technology is available today. 

 

Renewable energy options for Rajasthan 

8.9 GEF provides as a rationale for support of the Mathania solar project the 
benefit of implementing a solar thermal project under Indian conditions. This may well 
be so, but the reality is that solar thermal technology is decades away from 
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commercialization. Even if the Mathania project were to be successfully completed the 
costs are so high that it is unlikely to be replicated in Rajasthan. For the technology to be 
successfully commercialized requires large-scale development in countries that can better 
afford the incremental costs (such as Australia and the desert states of the United 
States)—in exactly the same way that the implementation of wind power in the wealthy 
countries of the EU has brought down capital costs.57  Without a large-scale worldwide 
commitment to research and development and commercialization of the technology, the 
Mathania project itself will do little to reduce costs. 

8.10 In the case of wind power, there is at least a reasonable expectation that 
capital costs will decline over the next decade. But even if Rajasthan’s entire technical 
potential, as identified by MNES, were to be developed (885 MW), because of the low 
capacity factors this would be equivalent in energy output to no more than about 250MW 
of thermal generation. At Rajasthan’s expected rate of growth this would cover at most a 
year or two of the state’s capacity addition needs. At the present tariff of Rs 3.16/kWh, 
the large-scale development of wind power involves significant incremental costs—and 
this in fact understates the actual cost, because on top of the cost paid for wind energy, 
the power sector must pay for the additional standby capacity to compensate for the non-
dispatchable nature of wind energy. 

 

A strategy for environmentally sustainable development 

8.11 An environmentally sustainable power sector development strategy is not 
merely a strategy that reduces emissions, but is one that balances environmental and 
economic objectives in a sensible way. A strategy that involves significant incremental 
financial costs is not sustainable, because no matter what the environmental advantages, 
if it is unaffordable it will not be adopted on a large scale. For the next decade at least, we 
therefore see DSM as greatly preferable to renewable energy generation as a route to 
environmental sustainability.  

8.12 Figure 8.6 highlights the steps to an environmentally sustainable power 
sector development path, as illustrated through the trade-off between particulate 
emissions and economic benefits. Clearly, the first priority is sector reform, and the 
earliest possible achievement of the targets for technical and non-technical loss reduction. 
The second step, tariff reform, is not merely a matter of raising the level of tariffs, but is a 
matter of moving toward a tariff that reflects the different costs of service at different 
voltage levels. The third step is DSM, which should be implemented at the DISCO level 
through ESCOs. On the supply side, lignite development and out-of-state hydro projects 
are the priority. Lignite development will occur in sparsely populated areas, where the 
environmental damage costs, if any, will be low. The question of the opportunity costs of 
consumptive water use needs further investigation, but the economic benefits of lignite 

                                                 
57  While the GEF may cover the anticipated incremental costs, the entire risk of the project will fall on 

Rajasthan and the entity that develops the project. If the incremental costs prove to be greater than 
anticipated, the GEF will not cover the cost increase. 
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development are substantial. Given the uncertainties surrounding other options, lignite 
development is a robust option for Rajasthan. 

 

Figure 8.6. A sustainable energy development path for Rajasthan 
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I =DSM+TariffReform R =Gas:WOP=18$/bbl 

  S =Gas:IranPipeline 
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Annex:  Attribute Value Table 
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Attribute Value Table 

 

 
 

attribute> Economic efficiency Supply 
quality 

Govt 
impact 

Tariff Local air emissions Consumptiv
e water use 

GHG emissions 

proxy> Net 
economic 

benefits 

Average 
incremental 

cost, AIC 

GWh of 
unserved 

energy 

Net fiscal 
transfer 

Average 
levelized 

NOx SOx PM-10  Undiscount
ed 

Discounted 

 NPV  NPV NPV  NPV NPV NPV NPV [lifetime 
sum] 

NPV 

units> [Rs 
billions] 

[Rs/kWh] [GWh] [Rs 
billions] 

[Rs/kWh] [1,000 t] [1,000 t] [1,000 t] [billion 
gallons] 

[mt] [mt] 

Reform baseline 239.94 3.22 0 -52.53 3.31 306 392 81 83 135 39 
Stalled reform 167.04 3.77 4533 -67.97 3.14 299 384 80 98 124 38 
Tariff reform 263.62 3.25 0 -43.34 3.29 293 376 78 78 132 37 
Reform: delayed NT loss 
reduction 

236.15 3.17 0 -57.19 3.37 315 401 82 85 138 40 

Reform: delayed 
technical loss reduction 

229.67 3.43 0 -58.02 3.39 318 405 83 86 139 40 

Wind 235.92 3.29 0 -55.37 3.35 300 384 79 81 132 38 
DSM 246.27 3.25 0 -51.19 3.28 301 387 81 83 134 39 
DSM + tariff reform 270.79 3.29 0 -42.33 3.27 287 370 77 77 130 37 
Lignite 246.56 3.09 0 -50.55 3.21 304 415 80 102 136 39 
Hydro 243.24 3.16 0 -52.27 3.27 291 372 77 86 126 37 
Hydro [10 percent FP] 243.24 3.16 0 -52.11 3.28 291 372 77 86 126 37 
Gas 227.04 3.54 0 -53.21 3.36 248 314 65 90 106 34 
Gas: (WOP=US$18/bbl) 240.57 3.26 0 -52.52 3.26 248 314 65 90 106 34 
Gas: Iran pipeline 245.92 3.16 0 -52.19 3.22 248 314 65 90 106 34 
Mathania 235.09 3.32 0 -53.15 3.33 297 380 78 83 132 38 
Nuclear 236.61 3.28 0 -52.43 3.30 294 375 77 83 127 37 
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