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ABSTRACT

Electricity utilities in India are facing severe energy shortages over the last
decade. There are many factors responsible for this situation, such as, high T&D
losses, faster growth in domestic and agriculture consumers, lack of capacity addition,
poor end-use efficiency, etc. It is expected that the gap between the energy demand
and supply will further increase in near future. Application of DSM could be a good
way for easing the imminent energy crises. DSM has been highly beneficial in the
utilities of developed and a few developing countries. Despite the large energy saving
potential and clear economic benefits, DSM is yet to be implemented in Indian
utilities.

The present study assesses the potential benefits of DSM in the context of
Rajasthan power sector, an clectricity utility in northern India. DSM programmes in
different consumer categories are proposed for implementation. A reference scenario
(base case) and four alternative scenarios are projected using an end-use forecasting
model, LEAP. The alternative scenarios present a combination of different
technological options, such as, DSM, T&D loss reduction, renewable energy power
generation, etc. A comparison of these alternative scenarios with reference scenario is
carried out to show the savings in terms of energy, peak demand and environmental

emissions. The results indicate significant energy, peak demand and environmental

1l



emission savings through these options and suggest that all these options nced to be
attempted simultancously.

There are number of technological and policy related barricrs in DSM
implementation. The study attempts to identify these barriers through a scrics of in-
depth interviews with top utility officials and experts involved in DSM
implementation.

The financial impact of DSM activities on the utility is analysed in the short run and
long run perspective. Two different types of electricity industry structures, namely
unbundled clectricity distribution company (Discom) purchasing clectricity from
power pool and a vertically integrated electricity utility generating its own power,
having its own transmission network and its own distribution network are considered
for the analysis.

A questionnaire based survey was also conducted involving utility officials,
regulators and consultants to assess a range of DSM implementation strategies. These
strategies have been evaluated from a multi-criteria perspective with varying
implications in effectiveness, cconomic feasibility, compliance flexibility, lcgal
feasibility, potential for market transformation and stakeholder acceptance. The
results indicate that an integrated approach is required by creating dedicated funds
and providing technical support to the end-users for effective implementation of DSM

programmes.
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Chapter 1

RATIONALE AND STRUCTURE
OF THE THESIS

1.1 INTRODUCTION

Electricity 1s 2 critical input for the economic development of a country.

Developing countries such as India are facing severe electricity crisis. The widespread

shortages of electricity supply have been detrimental to economic growth. According to

various reports, the situations for electricity demand and supply in the next decade do not

seem to be any better (Planning Commission, 1998; DOE,2003). Efforts to expand the

generating capacity are hampered by resource constrains. Carbon dioxide (CO,)

emissions stemming from electricity generation forms an additional dimension to the

problem. In the light of these problems, Demand Side Management (DSM) becomes

attractive in attempting to meet the growing energy needs. The present study focuses on

assessing potential of DSM programmes and its implementation strategies in the context

of Rajasthan power sector, 2 recently unbundled electricity utility in northern India.

1.2 ENERGY SCENARIO IN INDIA

India is world’s sixth largest energy consumer and world’s third largest producer

of coal. The country relies on coal for more than half of its energy needs. Oil accounts for

about 30 % of the total energy consumption (Ansari, 2001). As far as reserves of fossil



fuels are concerned, India has 79,106 million tonnes (MT) of proven reserves of coal, 660
MT of crude oil and 648 billion cubic meters of natural gas reserves (CMIE, 2000). The
total energy consumption is about 294 million tonnes of oil equivalent (MTOE), this is
only 12 % of the energy consumed by the largest energy consumer, i.e. USA (2,278
MTOE) (World Bank, 2002). Table 1.1 shows India's Total Primary Energy Production
(TPEP) and Total Primary Energy Consumption (TPEC) over the last decade. The gap
between TPEP and TPEC has been continuously increasing over the last decade. In year
2001, the TPEP was 9.37 Quads and TPEC was 12.8 Quads. Thus the Indian economy’s
dependence on the imported petroleum is increasing over time. Serious steps to improve
energy efficiency and conservation of energy are required urgently.

Table 1.1 Total primary energy production and consumption in India (Quads)

7991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
TPEP 6.86 7.17 737 7.63 9.0l 875 896 9.01 9.06 934 937
TPEC 8.06 871 9.10 9.59 1110 11.17 11.47 11.76 12.16 12.67 12.80

Source: DOE,2003

According to the demand and supply forecasts made in the ninth five year plan

(Planning Commission,1998) for coal, oil, natural gas indicate that there will be a deficit

of 220 MT of coal by year 2012, which represents 25 % of total demand (Table 1.2). The

demand for crude oil, which was 2.1 million barrel per day in year 2001, is expected to

increase to about 4.06 million barrel per day by year 2012. With 0.9 million barrels per

day of indigenous production, it represents a deficit of about 79 % in total crude oil

demand by year 2012 (Table 1.3). The natural gas demand in the country is expected to

increase from current demand of 117 million cubic meters per day to 216.4 million cubic

meters per day by the year 2012. This represents a shortage of 172.6 million cubic meters



per day (80 %) against the total natural gas demand (Table 1.4). Several efforts are
underway to explore the possibility of importing the natural gas either in the form of
LNG (liquefied natural gas) from eastern and western boarder of India. In sum, the gap
between energy demand and domestic production is likely to widen if the present trends

continue, leading to a growing dependence on energy imports even in the short run.

Table 1.2 Coal demand and supply forecasts for India (million tonnes)

1997-98 2001-02 2006-07 2011-12

Demand 323 400 576 872
Domestic supply 298 360 484 652
25 40 92 220

Deficit

Source: Planning Commission, 1998

Table 1.3 Oil demand and supply in India (million barrels per day)

Year Crude Crude Petroleum products Self
production imports demand reliance
(%)
1997-98 0.69 0.62 1.68 39
2001-02 0.74 1.57 2.10 33
2006-07 0.80 2.20 2.89 26
2011-12 0.90 3.31 4.06 21

Source: Planning Commission, 1998



Table 1.4 Natural gas demand and supply in India (million cubic metres per day)

1996-97 2001-02 2006-07 2011-12
Demand 52.1 117.8 167.1 216.4
Production 493 71.2 57.5 43.8
Gap 2.8 46.6 109.6 172.6

Source: Planning Commission, 1998
1.3 POWER SCENARIO IN INDIA

Over the last decade, the electricity demand inIndia has been increasing at
an annual compounded growth rate of about 9 %, which ranks among the highest in the
world (CEA, 1997). With the current trends in economic growth, it is expected that the
demand for power would continue growing at a rapid pace in the future. The total
installed generation capacity was 1,12,058.42 MW as on 31/3/2004 consisting of
29500.23 MW hydro, 77968.53 MW thermal and 2720 MW nuclear and 1869.66 MW
wind. (MOP, 2004). During the Eighth Plan (1992-93 to 1996-97), 16,422.6 MW were
added to the installed capacity against the target of 30,538 MW. Thus, the achievement
of the target. The Ninth Plan envisaged a capacity addition of 40,245

was only 53.8 %

MW. As against this the achievement in the Ninth Plan was 19,015.1 MW (Planning

Commission, 2002a). Again the achievement was 21,230 MW short of target.

The total energy shortage during 2003-04 was 39,866 GWh, amounting to 7.1 %,

while the peak shortage was 9,508 MW, translating to 11.2 % of peak demand (MOP,

2004). The high energy and peak demand shortages are also attributed to inadequate

Transmission and Distribution (T&D) capacity. Currently, the T&D losses are of the



order of 20-25 % (CEA, 2002), although the unofficial figure is believed to be around 40
% (Sant, 1997).

As per the projections of Sixteenth Electric Power Survey of India conducted by
the Central Electricity Authority of India (CEA, 2002), India’s peak demand would be
1,57,107 MW with energy requirement of 975 TWh by the year 2012 (Figure 1.1 & 1.2).
The total investment inclusive of transmission and distribution, in the year 2012, is
estimated to be US $200 billion (MOP, 2003a). The management of funds of this
magnitude is beyond the capacity of Central and State governments.

The financial performance of the State Electricity Boards (SEBs) has been below
par. The commercial losses of all the SEBs were Rs. 41,170 million in March 1992; and
increased further to Rs. 1,50,881 million by March 2002 (MOP, 2003a; Planning
Commission, 2002b). A large portion of these losses is accounted for by the sale of
power to agriculture and domestic consumers at a cost lower than the cost of production.
Due to high level of subsidy, the rate of return in these SEBs has reached a negative
figure of -19.8 % in 2001-02 (Planning Commission, 2002b). International funding
organizations such as International Monetary Fund (IMF) and the World Bank have been
pushing governments to reduce subsidies and restructure the SEBs to function in a purely
commercial manner. Although some of the states (i.e., Orissa, Haryana, Andhra Pradesh
and Rajasthan) have initiated the restructuring processes with the principles of
corporatisation and unbundling of the vertically integrated structure with an independent

regulatory authority, there has not been considerable improvement so far.
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1.4 NEED FOR DSM
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strategies to bridge growing capacity shortages. Recently government of India has
initiated a major energy conservation and efficiency improvement programme as a part of
the ongoing reform programme (MOP, 2003b). DSM is being considered as an important
component under this programme. DSM s either implemented directly through utility
sponsored programmes or through market intermediaries like ESCOs (Energy Service

Companies). The importance of DSM is well recognized in developed countries (Gellings

and Chamberlin, 1993; Kreith, 1993; Eto et al., 1995; IEA, 2000). However in the context
of developing countries, its benefits are yet to be tested. The feasibility study conducted
by World Bank (Ramachandran, 1998), says that, DSM has the potential to mitigate
India’s endemic problem of energy and peak capacity shortages and capital mobilisation

for supply expansion. The study ranked different Indian SEBs based on DSM potential

and opportunities. According to this study, Rajasthan is one of the promising states to tap

the DSM potential. DSM can be highly beneficial in the agricultural sector, because of

the subsidized prices and high costs of supply resulting from technical and commercial

losses (Padmanabhan and Sarkar, 2001). Despite the large energy saving potential and

clear economic benefits, decision makers in the utilities are hesitating in widespread

implementation of these programmes. The most common barriers for implementing DSM

include non scientific tariff, lack of incentives, lack of information, and absence of

integrated planning approach, etc. (Parikh et al., 1996a; Painuly and Reddy, 1996).

The existence of untapped energy savings potential indicates that current market

conditions do not favour the implementation of DSM programmes in Indian utilities.

There is a need to increase understanding of the implementation issues of DSM by

government, regulators and utility officials for designing appropriate policies. In order to



address these issues, present study focuses on assessing potential of DSM and its

implementation in the context of Rajasthan power sector.

1.5 OBJECTIVES OF THE STUDY

Following are the main objectives of the study:

1.

to

To assess the technical and financial performance of the Rajasthan power sector
and highlight the feasibility of DSM under the current utility framework.

To estimate the energy and environmental savings through DSM under a series of

scenarios. These scenarios include a range of planning options such as: Energy

Efficiency (EE), T&D loss reduction and Renewable Energy Technologies

(RETS).

To identify the major barriers for DSM implementation and suggest suitable

policy measures to overcome these barriers under the current utility framework

To assess the techno-economic feasibility of DSM programmes under different

market conditions and its impact on different market actors.

To evaluate the DSM implementation strategies from the perspective of different

stakeholders.

1.6 METHODOLOGY

Following study tasks were successfully

1.

2.

completed to achieve the objectives of the study.

Examination of the trends of electricity demand and supply, institutional structure,

cost structure, tariff structure, T&D losses etc.

A comparative analysis of technical and financial performance of Rajasthan

power sector vis-a-vis the other utilities in India.



3. An analysis of the various planning options available to meet the electricity
demand until the year 2012. Important planning options that are evaluated

include: (i) DSM strategies (ii) renewable energy power generation (iii) reduction

in T&D losses.

The important questions that have been addressed in evaluating various planning
options for Rajasthan power sector include the following:
. How much new capacity additions required to meet electricity demand of
Rajasthan over the next decade?

o«  What will be the implications of electricity generation on the greenhouse

gas (GHG) emissions?

What is the extent of resources required to fully meet projected electricity

demand?

What impact could energy efficiency, renewable energy technologies and

T&D loss reduction offer for meeting the electricity demand and reducing

environmental emissions?

4. A series of in-depth interviews with the top utility officials and experts in

Rajasthan, to identify the major barriers in implementation of DSM programmes

under the current utility framework.

5. A questionnaire based survey to evaluate a range of DSM implementation

strategies from the perspectives of different stakeholders.

The important questions that have been addressed in evaluating various policy options for

DSM implementation include the following:



. Who should be responsible for planning and implementation of DSM

under the current structurc?
J What are the pros and cons for implementing DSM programmes through
existing utility framework?
. Are tariff reforms necessary for implementing DSM?
Who should carryout IRP under the current framework of the utility?
What are the disincentives for utility to implement DSM?
What are the barriers for end-users in adopting DSM measures?

What mechanisms the regulators should adopt to maximize a utilities

DSM results?

7 The statistical methods used in the thesis are: tables, pie charts, graphs, matrices,

forecasting tools, etc.

1.7 SCOPE OF THE STUDY

In this study, options for reduction of electricity demand and environmental

emissions from power generation are identified. In view of the inadequacy of the

available data, the thesis makes the critical assumptions and uses the estimated data such

as energy consumption at end use level, market penetration of DSM options, savings

through DSM options, etc.

1.8 PLAN OF THE THESIS

Chapter 1 gives the rationale and structure of the thesis covering the Indian

energy scenario, the current electricity crisis and the need for DSM. The chapter also

includes the aims, objectives, the methodology and the thesis plan.
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Chapter 2 presents a review of DSM and its integration in electric utility planning

process. This chapter also reviews the worldwide and Indian experiences on DSM

implementation.

Chapter 3 presents the current status of Rajasthan power sector. It also examines
the technical and financial performance of Rajasthan power sector vis-a-vis other utilities
in India.

Chapter 4 assesses the impact of DSM upon energy, peak demand and
environmental emissions. A number of alternative scenarios are forecasted to show the
impact of different technological options.

Chapter 5 identifies the major barriers for DSM implementation under the current

institutional framework in Rajasthan power sector and suggests suitable measures to

overcome these barriers.

Chapter 6 assesses the role of different market actors in DSM implementation.

The chapter also analyse the techno-economic feasibility of certain hypothetical DSM
programmes implemented through different market actors.
Chapter 7 evaluates a range of alternative DSM implementation strategies from

the point of view of different stakeholders, namely: utility, regulators and consumers.

Chapter 8 presents the conclusions and recommendations from the study.

11



Chapter 2

DEMAND SIDE MANAGEMENT (DSM) AS
AN ALTERNATIVE SOLUTION: REVIEW
OF GLOBAL EXPERIENCES

2.1 INTRODUCTION

The concerns of utilities about meeting energy demand and the interest of the

customers in energy cfficiency have resulted in development of DSM. This chapter

reviews the theoretical aspects of DSM and its integration in electric utility planning

process. Section 2.2 attempts to give an overview of DSM and its application in electric

utility planning process. Section 2.3 discusses the worldwide experiences on DSM

implementation. Section 2.4 highlights the experiences in Indian context. Finally section

2.5 identifies the research gaps for the problem.

2.2 ELECTRIC UTILITY PLANNING AND DSM

The content of electric utility resource planning is broad and covers all the studies

related to both the long-term and the short-term planning methods. Its main aim is to seek

an optimal supply capacity to meet the projected demand economically, subject to the

reliability and the environmental constraints (Sanghavi, 1991). In the traditional utility

planning process, growing electricity demands are met though increasing power supply

options and improving the transmission and distribution network (Kleinpeter, 1995). This

12



supply led planning gives little consideration to alternative methods of meeting energy
needs, such as investment in energy efficiency and conservation measures.

In the US, in the early 1970s, the traditional planning approach came under
increasing criticism. There were a number of problems - demand became more difficult

to accurately forecast, construction lead times were more unpredictable and there was
public opposition to new power stations, rising energy prices, unmet energy needs and

the declining environmental quality (Sant, 1984).

In response, an alternative method of meeting energy needs was developed based
on Least Cost Planning (LCP) which is now used in some form by most of the utilities in
developed countries. Compared to the traditional planning, LCP develops a range of
supply and demand options, encompasses broader objectives and involves the
participation of wider interests. The central goal of LCP is to provide energy services at

minimum cost using both demand and supply options while paying attention to the

broader economic, environmental and social effects of different options (Swisher et al.,

1997).

Integrating the demand side options in utility planning is known as Demand Side

Management (DSM). In terms of power system planning, DSM programmes play an

important role for long term operation, and when these options are integrated with the

supply side options to meet the forecasted electricity demand, it is known as Integrated

Resource Planning (IRP). DSM has gone a long way since its beginning in the wake of

the oil crisis in 1970s. Over the years programmes have changed dramatically in scope,

intensity and sophistication. The early programmes emphasized increasing awareness of

energy conservation issues and available conservation options. By the 1980s, the interest

13



by utilities in DSM activities of utilities was widespread (Gellings and Chamberlin,
1993). There has been a significant shift of interest towards ways to influence how
electricity is used by the consumers, and to reduce the burden on creating additional
supply side resources.

The relevance of DSM as a cost effective tool for utility capacity expansion
planning has been well recognized in electricity utilities of developed countries. Gellings
and Chamberlin (1993), Swisher et al. (1997), Hill et al. (1992) and Chernick and
Wallach (1996) have considered the integration of both supply side and DSM options for
electric utility planning. Most of these studies discuss the DSM implementation in the
context of developed countries. Only a few studies have concentrated on the issue of the
developing countries. For example, Faruqui (1989) assessed the relevance of DSM in
power planning in Pakistan, and Shrestha and Bhattarai, (1993) in the context of Nepal.
These studies have demonstrated the economic and environmental benefits of DSM in
their respective countries. In Indian context, Parikh et al. (1997) assessed the possible

benefits of implementing DSM in high tension industries in Maharastra state. They

provided a detailed plan for the number of adoptions, energy savings and demand savings
that can be obtained using different DSM options.

2.2.1 DSM Planning Process

DSM planning process comprises four basic steps namely, establishment of base

case, identification of DSM opportunities, develop DSM programmes, and

implementation of DSM programmes (Gellings and Chamberlin, 1993). A DSM plan is a

group of options combined the needs of a specific category of consumers. Generally

DSM options are combined with a specific financial package (Reddy, 1995). DSM
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programme thus developed are integrated with supply side options to develop a coherent
resource plan.

As DSM programmes are different in cost, size and expectation, a careful
evaluation of these programmes becomes very important. Utilities use typically two types
of evaluations, namely process evaluation and impact evaluation (Gellings and
Chamberlin, 1993). Process evaluation examines programme operations to identify how
well the programme is implemented and to suggest ways to programme delivery, while
impact evaluation examines the effects of the programme on energy and peak load
reduction.

It is also important to quantify the economic benefits of DSM programmes from
the perspective of different actors involved in DSM implementation. According to Hirst
and Reed (1991) the cost and benefits of DSM programmes can be assessed in several
perspectives. Key perspectives include participants, non-participants (ratepayer impact)
test, the utility impact (revenue requirements), and the society (total resource cost test).
The screening and selection of individual resource option can be based on different
criteria, such as minimization of cost requirements, total resource costs, societal costs, or

average electricity prices, and so on.

In assessing alternative resources, three approaches are commonly used by the

utilities (Hill,1993; Chattopadhyay et al., 1994). These approaches are sequential demand

approach; sequential supply approach; and simultaneous approach. In sequential demand

approach, DSM resources are selected first, then are the supply side resources, while in

case of sequential supply approach, the supply resources are selected first to meet the

projected electricity demand. In case of simultaneous approach, both resources (DSM and

15



supply) are selected at the same time to satisfy the load requirements using some measure

of cost effectiveness as a guide.

There are various models available to assess the economic and environmental
benefits of different supply side and demand side options in utility planning. The most

widely used utility planning models include: Wien Automation System Planning Package
version IV (WASP-IV) (Jerasorn et al., 2001); Modular Energy System Analysis and
Planning (MEASP) Tomsic (2003); Market Allocation (MARKAL) model (Mathur et al.,
2003); and Long Range Energy Alternatives Planning (LEAP) model (SEIB, 2000). Of
these available models, LEAP has been most widely used to quantify the long-term
implications of energy policy alternatives. The LEAP model has been used in many
studies, especially carbon abatement studies (Dhakal, 2003; Islas et al., 2003; Tanatvanit,

et al., 2003). The main strength of these studies is the detailed specification of energy and

environment options.

2.2.2 DSM Implementation

Saidel and Alves (2003) classify the policy framework used for implementing
DSM in to five basic categories: (1) restrictive regulations; (2) information to the public;

(3) creation of market asymmetries; (4) funding/loans programmes; and (5) state

capital/private capital partnerships. A number of researchers have assessed the

effectiveness of these policies in the context of different market economies. For example,

Vine et al. (2001) assessed the impact of appliance efficiency standards in US (United

States), Dulleck and Kaufmann, (2004) evaluated the effectiveness of information

programmes in the context of UK (United Kingdom). Varone and Aebischer (2001)

conducted a comparative analysis of different energy efficiency policies implemented in
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Canada, Denmark, the United States, Sweden and Switzerland. Wikler (2000) assessed
the DSM implementation policies adopted in Thailand, Australia, UK and US. The study

suggests how the experience of these countries on DSM can be replicated in south Asian
countries.

Electricity market in most of the developing countries is currently under the
transition phase. There is a gradual shifting from the monopoly market to the competitive
market. A number of authors has advocated for modification of the existing planning
approaches for DSM implementation under the competitive market. According to

Sioshansi (1996), in future, traditional approaches will become outdated and DSM and

environmental factors will play an important role in utility planning process. According
to Mills (1999), in future, integration of demand side and supply side resources will not

be done only on the basis of least cost criteria; environmental cost and social impact of
these resource options play an important role while selecting the resources for future

electricity demand. He says the integration of demand side and supply side resources

should be assessed from a multi-criteria perspective. Chamberlin and Herman (1996)

illustrates the characteristic differences between the utility DSM of the past and DSM of

the future. They say, “With the advent of competition, DSM in the future will be

considered 'good' if a service provider can offer more customer value (at a profit) than its

competitors.

It is also important to assess the financial incentives and disincentives of DSM to

different market actors. Vine et al. (2001) assessed incentives and disincentives of DSM

implementation to different market actors under different generic models utilities.
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According to him utilities are expected to undertake only those DSM programmes, which

are likely to increase their net revenue.

2.2.3 Barriers for DSM Implementation

Although DSM has a substantial potential for electricity savings but, due to a
wide range of barriers, this potential has not been fully exploited. Brown (2001)
classified these barriers in to two categories, one concern with the utilities barriers to use
DSM, and the second refers to the consumer’s related barriers to implement DSM
programmes. Some of the researchers have attempted to identify the consumer related
barriers. For example, Thiruchelv et al. (2003), identified consumer related barriers in
adopting energy efficiency technologies in the context of south Asian countries such as,
China, India, Sri Lanka and Vietnam. Jochem et al. (2000) assessed the barriers for DSM
programmes in developing countries. According to this study, lack of awareness of
potential benefits; lack of effective energy policy at national level; energy supply
constraints; inappropriate energy pricing and cross-subsidies; lack of trained staff,
operators and maintenance workers; lack of capital and import of inefficient/used plants;
and proliferation of inefficient equipment and the desire to minimise initial costs, are the
major barriers for adopting DSM programmes.

Parikh et al. (1996a) conducted a survey to determine the barriers and the role of
t DSM options in the Indian industry. They showed that the major barriers

policies abou
for the implementation of DSM programmes are the prices of the DSM technologies and

the most preferred type of incentive by the industries was a one-time cash rebate. Painuly

et al. (1996) also assessed these barriers in Indian context. The major barriers identified

include: technical; institutional; financial; managerial; pricing policies; and information
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diffusion. Cooperation among the utilities, the government, the consumers and the
equipment manufacturers are also seen as necessary measures to speed up the

implementation of DSM programmes (Sandrine et al., 2001).

Sarkar (2004) classify the strategies to overcome these barriers for DSM in to two
categories, namely Market push strategies and Market pull strategies. The market push
strategies include regulatory command and control policies, mandatory energy audits,
building energy efficiency codes and utility obligation for conducting IRP. The market
pull strategies include, appliance labelling, ESCO development, performance contracts
etc. Strategies have also been formulated for promoting specific energy efficiency
technology. For example, Kumar et al. (2003) assessed policy options for promoting
compact fluorescent lamps (CFLs) in India. The study recommended EDucation, POlicy

support, STAandards, Demonstrations and INdustry involvement (EDPOSTADIN) for

popularising CFLs in India.
2.3 WORLD WIDE EXPERIENCES WITH DSM

DSM was initiated in electricity utilities of North America in the early 1980s.

Since 1990s, DSM is being applied widely in electricity utilities all over the world, e.g.

US. Canada, Brazil, Australia, Mexico, India, Thailand, Korea, France, Germany, etc.

In US, energy efficiency initiatives are promoted through a public goods charge applied

to all customer classes. In return, electricity customers are eligible to participate in

various programmes that promote market transformation of energy efficiency products

and services (Convery, 1998). In California, the government has created an independent

quasi-public agency known as the California Board for Energy Efficiency (CBEE) which

manages the fund collected through the public goods charges. ESCOs have also played an
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important role in delivering energy efficiency in US electricity market. (Painuly et al.,
2002). The lessons learned from DSM experience of electricity utilities in North
America are described in a joint publication of TERI and CERI (1995). These lessons
include: utility commitment; utility staffing; customer acceptance; ownership and
organizational arrangements; programme targeting; capturing lost opportunities; targeting
of delivery approach; marketing efforts; assistance of trade allies; credibility with
customers; financial incentives; providing services; comprehensive measures; high
efficiency technologies; programme procedures and materials; customer choice;
minimizing risk; developing customer relationship; education, consistent regulation/
policy; regulatory incentives and penalty; information associations/ conferences.

In case of European countries, environmental consideration played an important
role in implementing DSM programmes. They introduced a levy to raise finance to fund
DSM programmes costs. The electricity regulators introduced a special revenue
allowance for electricity companies to achieve end-use energy savings on behalf of their
customers (OFGEM, 2002). Similar experiences are available for Australia (Didden,
2003; Crosslay, 1996) where DSM was implemented through regulatory interventions.

In Thailand, Government collects an environmental surcharge on the sale of oil
lected through this surcharge are used to promote energy

products. The funds col

efficiency and renewable energy technologies. Examples of DSM initiatives in Thailand

include market transformation programmes, energy efficiency product labeling efforts,

consumer education initiatives, and private-sector partnerships through ESCOs (Singh

and Carol, 2000).
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The experience with energy efficiency funds is however mixed with success as
well as failure stories. Some of the funds created in developing countries include Energy
Saving Fund (ESF) in Czech Republic (Painuly et al., 2003), Indian Renewable Energy
Development Agency (IREDA) Energy Efficiency Fund (Bhakthavatsalam, 2001).

Similar funds are in different stages of development in Brazil, Romania, and Thailand to

support energy efficiency initiatives (Singh and Mulholl, 2000).

Energy Efficiency standards and labelling has also resulted in considerable

savings. For example, in Thailand, over 3.6 million EE labeled refrigerators saved 235

GWHh /yr energy savings and 14 MW peak demand savings. Similarly, about 400,000 EE

labeled air-conditioners resulted in 173 GWh /yr energy savings and 1.4 MW peak

demand savings (Sarkar, 2004). More examples of successful DSM policies and

programme are available in the INDEEP database under the framework of the IEA DSM

implementing agreement, Task I (IEA, 2000).

2.4 DSM IN INDIAN CONTEXT

DSM has the potential to mitigate India’s endemic problem of energy and peak

demand shortages and capital mobilization for supply expansion. According to a joint

study conducted by Tata Energy Research Institute (TERI) and Canadian Energy

Research Institute (CERID), electricity savings of the order of 10.3 % in domestic sector,

10.8 % in commercial sector, 12.4 % in agriculture sector and 5.4 % in industrial sector

can be realised by implementing energy efficiency measures in these sectors by the year
2010 (TERI and CERI, 1995). Another study conducted by Indian Renewable Energy

Development Agency (IREDA) estimates that the required capacity addition can be

reduced by almost 25% by improving energy conservation measures and through DSM,
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and thereby enable a reduction in the capital investment to US § 140 Billion

(Bhakthavatsalam, 2001).

A number of researchers have discussed the feasibility of DSM in Indian context.
Kumar and Suri (1997) highlighted the significant benefits of DSM in the context of
Indian Industrial sector. Banerjee (1998) assessed the benefits of load management in
Indian power sector. According to Padmanabhan and Sarkar (2001) DSM is a strategic
tool to overcome the problems of poor voltage and end-use efficiency in the context of
agriculture sector in India. They stress on the need of developing innovating financial

mechanisms to implement DSM. Sharma et al. (2003) identifies DSM as an immediate

short-term measure to overcome the current electricity crisis in Kerala power sector.
Wisbrod and Tribble (1999) assess the implementation of the first DSM pilot programme

in Ahemdabad Electricity Company (AEC). The study highlights the natural

implementation of DSM programme in Indian situation without any subsidy from the

government.
Multilateral and bilateral agencies (e.g. World Bank, USAID, ADB) have also
played an important role in promoting DSM in Indian utilities. DSM cells in Discoms

(Distribution companies) have been created with the aid of World Bank as part of the

state power sector reforms programmes. In April, 2000, government of India initiated the

Energy Conservation and Commercialisation (ECO) project with the assistance of

USAID (Brian, 2003). US AID also supported the first pilot programme for DSM in India

in edabad Electric Company (AEC) in 1994. ESCOs played an important role in the

success of the programme (Weisbroad et al.,1998).
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Government of India introduced certain policy initiatives to promote energy
efficiency and DSM in Indian power sector. For example in 1998, the Electricity
Regulatory Commission Act, 1998 was also introduced to encourage more efficiency and
transparency in working of state electricity utilities. This led to the restructuring of Indian
electricity utilities. This was followed by Energy Conservation Act, 2001. Bureau of
Energy Efficiency (BEE) was created under this act (MOP, 2001), which is responsible
for taking up both promotional and regulatory functions required for implementation of
energy efficiency programmes. Recently government has introduced the Indian
Electricity Act, 2003 (MOP, 2003c). The Act embodies the features of reforms as well as

allows competition at retail level. Introduction of this act is being considered as a move

towards creating a market-based regime in the Indian power sector that consolidates the

laws relating to generation, transmission, distribution, trading and use of electricity

(Thakur et al., 2004).

2.5 RESEARCH GAPS

ure on DSM, not many case studies are

e Although there is 2 considerable literat

available in the context of developing countries, particularly in the Indian context.

As DSM implementation in Indian utilities is yet to take off, there is a need of

assessing 1ts potential and feasibility in individual utility.

e As most of electricity utilities are going through the restructuring phase, some

barriers inhibiting investment in energy efficiency would be identified and

removed, while others may remain unaffected. Actual implementation of DSM

programmes has variety of technical, policy, institutional, financial and
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information related barriers, which needs to be assessed in the context of Indian
utilitics.

Successful DSM implementation depends on its varying implications in
effectiveness, cost, feasibility, efficiency and stakeholder acceptance (Metty and
Beckwith, 2002; Clarke, 1994). This necessitates a critical analysis of DSM

implementation strategies from specific stakeholder point of view.
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Chapter 3

RAJASTHAN POWER SECTOR-
CURRENT STATUS

3.1 INTRODUCTION

This chapter briefly discusses the current status of Rajasthan power sector and
highlights the key factors affecting its performance. The chapter begins with an
overview of Rajasthan power sector. This is followed by a discussion on the technical

and financial performance of Rajasthan power sector. Finally options to improve its

performance are suggested.

3.2 RAJASTHAN POWER SECTOR: AN OVERVIEW

3.2.1 Evolution of Rajasthan power sector

At the time of the formation of Rajasthan State in 1949 the installed generation

capacity was a meagre 13.27 MW and electricity supply was limited to the princely

states and few towns. The power sector in Rajasthan received impetus after the

formation of Rajasthan State Electricity Board (RSEB) in 1957 and planned growth in

installed capacity, transmission network and rural electrification took place with the

state investing 28-30% of its plan outlay in the initial years in the power sector. RSEB

ous corporate body, under state ownership. Responsibility of the state
was an autonom
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was to ensure supply of essential products and services to its citizens at affordable
prices, particularly because the majority of the population was poor. Currently the
state power system covers a large geographical area of 342,000 Sq. Kms through its
transmission and distribution network and serves over 5 million consumers from
different categories. Demand for electricity has been growing at an annual average of
11%.The unserved demand is significant, as evident by a backlog of over 0.6 million
applications for service connections (Jain, 1999). The annual per capita electricity

consumption is 334.5 kWh, which is lower than India’s average of 354.75 kWh

(MOP, 2004).

3.2.2 Institutional Structure

Rajasthan power sector has undergone significant changes in recent years, and
the institutional framework evolved to supply electricity had to adjust to changing
scenario. Rajasthan was one of the few states in India to implement a comprehensive
power sector reform programme (Narang, 1999). Prior to reform, the responsibility for
power sector management and development in Rajasthan was vested in the following
organizations:

1. Department of Energy, Government of Rajasthan
2. Rajasthan State Electricity Board (RSEB).
3. Rajasthan State Power Corporation Ltd. (RSPCL)

However, RSEB was the main body responsible for power sector development in

the state. RSEB was owned by the Government of Rajasthan and vested with the

responsibility for regulation and supply of power to the entire state of Rajasthan. It
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obtained the required power for distribution either from its own generating stations, or
from neighbouring states.

The process of power sector reforms started way back in 1999, when the
Government of Rajasthan approved the Power Sector Reforms Bill, 1999. On July 19,
2000, the Government of Rajasthan was sanctioned a World Bank loan of US $180
million for the Rajasthan power sector restructuring project (Arora, 2001). An
independent regulatory commission known as Rajasthan Electricity Regulatory
Commission (RERC) was established to regulate the functioning of the power
companies and protect the interests of customers in respect of quality, reliability and a
fair price for electricity. The functions of erstwhile RSEB, were unbundled in to
separate autonomous companies based on functional specialisation, namely

I. Rajasthan Rajya Vidyut Utpadan Nigam (RVUN)
2. Rajasthan Rajya Vidyut Prasaran Nigam (RVPN)

3 The distribution functions of RSEB are vested into three Distribution

Companies (Discoms)

A comparison of the structure of Rajasthan power sector before and after reform

is given in Table 3.1. Role of state government is limited only for policy decisions. The

newly formed regulatory commission is responsible to take decisions in fixing tariff

issues, promoting the efficiency etc. The Rajasthan Vidyut Utpadan Nigam, a state
owned generation company (Genco) is responsible for generating power from all the

existing generating stations of RSEB. The Rajasthan Vidyut Prasaran Nigam, a state

owned transmission Company (Transco) purchases power in bulk from Genco and other

generating stations, both central and private power producers within and outside
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Rajasthan, and the neighbouring states based on legally binding power purchase
agreements. The Transco is also responsible for overall system planning and co-
ordination. The State is geographically divided into three distribution companies
(Discoms), namely Jaipur Vidyut Vitaran Nigam, Jodhpur Vidyut Vitaran Nigam and
Ajmer Vidyut Vitaran Nigam. These companies approach the regulatory commission
individually for fixing their retail tariffs. Discoms purchase electricity on the basis of

bulk sales agreements from Transco at a flat rate of 2.17 Rs./kWh, which is further sold

to the end-users in the state at different tariffs.

The planning process of the electricity sector in Rajasthan is currently being
performed at various agencies within the State like Genco (Generation Company),
Transco (Transmission Company), Discoms (Distribution companies), Department of
Power, RERC (Rajasthan Electricity Regulatory Commission), etc. Further, they are
closely influenced by the policy measures implemented from time to time by various
agencies of government of India like Central Electricity Authority (CEA), Ministry of
Power (MOP) as well as power producers like National Thermal Power Corporation
(NTPC), etc. According to the current understanding, the Discoms and Transco are

responsible for secure supply today and in future. Currently there is no central agency

to develop an integrated resource plan at state level. Under the current framework,

utilities are finding it very difficult to integrate the supply-side and demand-side

options simultaneously through an integrated resource planning (IRP) approach.
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Table 3.1 Institutional framework of Rajasthan power sector

Activity

Pre reform (before July
2000)

Post reform (after July 2000)

Policy making

Regulation

Generation

Transmission

Distribution

System planning

and coordination

Tariff structure

Government of Rajasthan
RSEB/ Government of
Rajasthan
RSEB owned power plants
Rajasthan Energy
Development Agency
Other purchases
RSEB
RSEB

RSEB

Agriculture and domestic
consumers subsidized by
industry and commercial

consumers

Government of Rajasthan
Rajasthan Electricity Regulatory
Commission
Rajasthan Vidyut Utpadan Nigam
Rajasthan Energy Development
Agency
Other purchases
Rajasthan Vidyut Prasaran Nigam
Jaipur Vidyut Vitaran Nigam
Ajmer Vidyut Vitaran Nigam
Jodhpur Vidyut Vitaran Nigam
Rajasthan Vidyut Prasaran Nigam

Agriculture and domestic
consumers subsidized by industry

and commercial consumers.

3.2.3 Energy Balance

Table 3.2 presents data on total electricity supplied, generated purchased share,

T&D losses, and the electricity consumption in different categories in Rajasthan power

sector from 1996-97 to 2001-02. The net electricity generation in the state has grown

from 18.976 GWh per year in 1996-97 to almost 25,570 GWh in 2001-02. Nearly 75 %

of the total electricity supplied to the Rajasthan Power sector was generated in the
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state’s own power stations during 1999-2000. The remaining 25 % was purchased,
largely from thermal and nuclear power stations run by the central government and few

independent power producers (IPPs). The proportion of outside electricity purchase has

been steadily increasing over the past few years.

A consumer category-wise analysis for Rajasthan power sector described in
Table 3.2 shows that in the year 2001-02, agriculture consumers formed the biggest

segment, consuming 39.7 % of the total energy. Industrial sector was the next biggest

segment with a consumption of 28.4 %. The other major categories were domestic

(17.8 %) and commercial (5.5 %). In this period (1996-97 to 2001-02), while domestic

consumption rose over by 8.5 % per year and agriculture rose steadily by 8.9 %, while

industrial consumption rose only by about 1.09 % per year and that too mostly in

2001-02. Commercial consumption did grow significantly but it still forms only a

small share. Thus, low tariff consumer categories have grown, while the higher tariff

categories have not.

The consumption of energy in the Rajasthan power sector was 18,292 MU

during 2001-02, which was one of the highest among state power sectors in India. If

one adds 7.278 MU of technical and commercial losses, the gross energy consumption

rises to 25.570 MU. This gross energy requirement has increased at a rate of about

5.3% p.a. during the period 1996-07 to 2001-02, which is higher than the all India
D270 P.a.

average growth rate of 5.1% in the same period.
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Table 3.2 Rajasthan power sector: power and energy balance

Item Units 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02
Total electricity supplied GWh 18976.3 20931.42 231833 24197 25098 25570
Generated : purchased % 71.6 71 74.3 753 NA NA
share
Transmission and GWh 4911 5551 6837 7282 7412 7278
distribution losses
loss in percentage of total % 259 26.5 294 30 293 27.7
supply
Electricity sold to different consumer categornies
Domestic GWh 2171 243597 2653.6 2852.4 3110 3270
Commercial GWh 750.9 868.75 844.2 855.3 942 987
Agriculture GWh 4737.4 4980.35 6032.2 6559.4 6967 7274
Industry GWh 49323 5535.03 4888.7 4573.8 4980 5202
Railways GWh 182.2 206.51 179.7 220.8 247 266
Outside the state GWh 3135 47434 436.9 544 130 0
Others GWh 978 879.47 1311 1309.3 1310 1293
Total GWh 14065.3 15380.42 16346.3 16915 17686 18292

Source: Planning Commission, 2002b



Figure 3.1 and 3.2 indicate the peak and energy deficit during different years in
Rajasthan. The peak and energy deficit were as high as 23% and 15%, respectively in
year 1997-1998. The current peak and energy deficit are of the order of 6.6 % and 0.6
%, respectively. This does not account for the true peak and energy demand that
would grow if uninterrupted power is supplied to domestic and agricultural sector.
One of the major reasons for the high growth of electricity demand is the village
electrification programme taken by the government of Rajasthan. This is evident with

the fact that village electrification in the state by year 2002 has been achieved to the

tune of 94.85 %.
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Figure 3.1 Peak deficit in Rajasthan
Source: MOP, 2004



16

14 2
g 10 %
> 8 /
/
w
4 / %
R S O T I
'\QQ'L \Q’Q)Q" \Qq"-" (9@ @Q’\ @Q’V S Q’Qo"‘p
Year

Figure 3.2 Energy deficits in Rajasthan
Source: MOP, 2004

3.2.4 Installed capacity
The total available capacity as on 31/7/2004 in the state was 5038.12 MW, of

which 3511.82 MW was from state owned power plants, 1472 MW was from central

sector and 54.38 MW from private sector (MOP, 2004). Coal has been the principal fuel

for electricity generation in the state, which is imported from other states. In recent

years, there has been an increase in gas/naphtha-fired power, utilizing Combined Cycle

Gas Turbines (CCGTs).

The growth in peak load and energy requirements during the last decade was

about 7.3 % and 7.6 % p-a., respectively. According to the forecasts made by Central

Electricity Authority (CEA) in the sixteenth electric power survey, the energy

requirements and peak demand are expected to reach up to 56,133 GWh and 9,423

MW, respectively by the year 2012 (CEA, 2000). As regards new planned capacity

additions, the only committed extension project is Suratgarh Stage II (500 MW), which
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will use imported low-grade coal (GOR, 2003a). The private sector, on the other hand,
is expected to exploit the potential of new lignite and liquid fuel-based projects. IPP
ventures considered in the 10th Plan for 2002-03 to 2006-07 are expected to add 1,700
MW (GEF, 2003). So far, however, large-scale investments by IPPs have not been
committed. The most prominent project proposals under negotiation are the Dholpur

combined cycle plant of 702 MW capacity and the Barsingsar lignite plant of 500 MW

capacity (GOR, 2003b).
3.3 PERFORMANCE OF RAJASTHAN POWER SECTOR

3.3.1 Technical Performance

3.3.1.1 Plant Load Factor

Table 3.3 provides a comparison of the plant load factor (PLF) of various SEBs
in India during the period 1992-93 to 2001-02. From a study of this data it can be seen

that the performance of Rajasthan power sector in terms of plant load factor was

considerably better vis-a-vis other SEBs. There is an increasing trend in average PLF of

coal thermal power plants. PLF of 84.8 % in 2001-02 was higher than the all-India

average figure of 67 %, however, lower than 86.3 % of APSEB, another well-

performing SEB in the country.

3.3.1.2 Auxiliary Consumption

Table 3.4 provides a comparison of the auxiliary consumption of various SEBs

in India during the period 1992-93 to 2001-02. The performance of the power sector

needs to be improved in terms of auxiliary consumption. It can be seen that the auxiliary

consumption in year 2001-02 was about 9.5 %, which was much higher compared to

auxiliary consumption of central sector power companies, for example NTPC and
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APSEB are having auxiliary consumption of the order of about 7 %. It may be noted
that the states which have most of their generation capacities based on hydro electric

power plants also show considerably lower auxiliary consumption due to the technical

parameters.

3.3.1.3T&D Losses

Table 3.5 provides a comparison of the T&D losses of various SEBs in India
during the period 1992-93 to 2001-02. In 2001-02 T&D losses in Rajasthan were as
high as 30% in year 1999-2000. If reported figures are to be believed, T&D losses
which have remained at about 17 % in the states such as Punjab, Taminladu and

Himachal Pradesh over the last few years are the lowest among all SEBs. If we compare

these losses with the utilities of developed countries which are having T&D losses of
the order of about 10 %, shows the huge savings potential in Indian utilities (Rao,
Kalirajan, and Shand, 1998). Even these reported figures of T&D losses seem to be
under estimated, as the utility is keen to show better efficiency ratios. The T&D losses

are adjusted against the agriculture consumption by overstating the consumption in this

category, which is almost 50 o, unmetered and difficult to detect. A clear recognition

of the large T & D losses can be found from the tariff order of the RERC in 2001, which

lists the T & D losses as 39 % (RERC, 2003). It is difficult to distinguish from the

available data, but it is acknowledged that non technical losses arising out of pilferages

and improper billing contribute for the significant T&D losses.
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Table 3.3 Plant load factor (%) of different thermal power stations

SEBs 1992-93  1993-94  1994-95 1995-96 1996-97  1997-98 1998-99  1999-2000 2000-01 2001-02
Northern Region 62.00 64.00 59.10 62.00 64.70 66.70 67.20 70.90 73.10 75.10
Haryana 49.90 40.50 44.70 42.90 47.70 49.40 48.80 53.00 49.70 60.50
Punjab 58.30 63.50 56.70 55.00 65.70 69.10 69.40 74.70 77.90 79.20
Rajasthan 77.00 81.00 75.60 73.70 75.60 80.50 78.10 82.30 85.00 84.80
U.P. 50.50 50.30 43.90 47.30 49.10 48.80 48.90 49.80 57.00 59.70
Delhi(DVB) 54.00 49.00 53.90 51.70 41.70 47.20 38.20 49.90 49.50 45.20
Western Region 59.70 63.40 63.80 68.10 7020 7030 70.50 72.30 73.40 74.20
Gujarat 61.60 60.40 60.50 65.30 6480  65.60 63.60 63.40 66.90 66.30
Maharashtra 59.70 64.10 61.20 64.90 68.70  68.30 68.40 71.70 72.60 74.50
Madhya Pradesh 52.50 56.10 58.20 58.70 6230  66.00 67.20 69.40 66.60 63.00
Chbatisgarh 65.70 71.30
Southern Region 62.60 68.30 69.10 74.70 7580  77.10 75.40 79.60 82.00 82.30
Andhra Pradesh 65.00 63.70 70.20 77.40 7830  82.00 76.80 83.20 85.40 86.30
Tamil Nadu 65.20 69.00 68.10  76.10 7230  68.10 65.90 72.30 74.80 78.00
Karnataka 49.40 66.90 64.90 67.70 7020 7520 81.60 82.30 81.30 81.10
Eastern Region 39.80 44.80 4370 4270 4220 4300 44.30 46.10 47.90 48.70
Bihar 25.20 24.40 20.00 17.40 15.30 16.10 22.50 19.70 15.40 14.50
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Table 3.3 Plant load factor (%) of different thermal power stations (Contd...)

SEBs 1992-93  1993-94  1994-95 1995-96  1996-97 1997-98 1998-99 1999-2000 2000-01 2001-02
Tenughat V 51.70 40.10 31.70 36.20 31.50
Jharknand - 20.80 21.00
Orissa * ' 34.50 35.50 29.00 67.00 69.40 65.30 76.20 85.60 81.70 70.70
West.Bengal 31.10 40.50 41.20 34.60 39.20 40.00 36.80 39.80 36.00 38.30
WBPDC 58.10 68.20 60.40 57.60 56.50 52.80 60.70 56.20 55.90 51.70
DPL 28.70 26.30 26.60 26.50 29.50 25.30 17.60 24.80 17.50 30.40
N.E.Region 24.30 19.90 26.80 28.60 27.10 21.30 18.70 18.20 18.50 16.80
Assam 2430 19.90 26.70 28.60 27.10 21.30 18.70 18.20 18.50 16.80
All SEBs 54.10 56.60 55.00 58.00 60.30 60.90 60.80 63.70 65.60 67.00
NTPC.(STPS) 68.80 76.90 76.20 76.70 76.40 74.40 75.60 79.70 79.50 80.10
NLC 56.40 55.50 60.40 67.60 70.30 72.50 73.60 73.20 80.90 79.50
DVC. 32.30 42.30 38.20 37.80 35.60 38.40 38.00 35.90 36.00 33.60
AEC 62.50 67.00 69.10 69.30 71.40 71.30 74.40 81.70 82.70 82.30
Trombay 54.30 48.80 60.60 72.80 68.80 63.50 61.20 60.80 70.40 72.00
CESC 67.50 71.30 75.60 78.90 74.90 76.90 72.40 64.00 68.30 69.00
BSES 55.30 73.20 82.40 74.80 86.00 81.60 86.50
Source: Planning commission, 2002b
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Table 3.4 Auxiliary consumption (%) of different SEBs

1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-2000 2000-01 2001-02
Actual Actual Actual Actual Actual Actual (Provi.) (RE) (AP)

1. Andhra Pradesh 5.35 5.66 6.71 6.14 6.87 7.01 7.65 7.57 7.16
2. Assam 8.54 8.09 8.88 8.74 9.32 7.63 7.36 6.50 6.83
3. Bihar 12.78 12.80 13.53 10.27 12.64 13.57 13.84 13.88 13.82
4. Delhi(DVB) NA 8.84 9.09 8.94 8.68 8.85 8.54 8.27 8.08
5. Gujarat 10.04 9.66 9.25 8.26 9.52 9.58 9.32 9.66 9.21
6. Haryana 5.46 5.26 5.57 5.98 6.51 2.80 0.76 0.67 0.66
HPGC 11.04 11.52 9.39

7. Himachal Pradesh 0.27 0.24 0.20 0.30 0.26 0.25 0.25 0.46 0.51
8. Jammu & Kashmir 1.00 1.00 1.00 0.18 1.00 1.00 1.00 1.00 1.00
9. Karnataka SEB 1.47 1.60 2.02 2.59 247 1.95 1.85 0.00 0.00
10. Kerala 0.57 0.38 0.39 0.51 0.46 0.68 0.65 0.83 0.85
11. Madhya Pradesh 9.30 9.09 8.75 8.64 8.73 8.38 8.66 8.39 8.30
12. Maharashtra 7.89 7.53 7.64 5.73 7.46 741 7.48 7.37 7.35
13. Meghalaya 0.34 0.35 0.36 0.35 0.42 0.30 0.40 0.40 0.40

14. Orissa SEB 3.29 9.60 12.84

15. Punjab 4.92 4.49 4.46 4.36 5.01 4.69 5.54 5.47 520
16. Rajasthan (Transco.) 7.51 7.10 7.48 7.16 7.52 7.35 8.42 6.67 435
Rajasthan (Genco.) 9.50 9.47

17. Tamil Nadu 6.79 6.41 6.71 7.15 6.80 7.15 7.29 6.62 6.78
18. UP (Power corp.) 8.15 7.58 7.59 7.67 7.97 7.97 0.00 0.00 0.00
19. West Bengal SEB 10.73 10.90 12.03 10.91 11.66 12.14 11.37 11.46 11.10
Average of SEBs : 6.96 7.44 7.11 6.59 7.15 7.04 7.20 7.19 7.06

Source: Planning commission, 2002b
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Table 3.5 Transmission & Distribution Losses (%) in different SEBs

SEBs 1995-96 1996-97 1997-98 1998-99 1999-2000 2000-01 2001-02
Actual Actual Actual Actual Provis. (R.E.)) (Plan Est)
1 Andhra Pradesh (APTRANSCO) 18.9 33.1 325 319 35.2 329 32,6
2 Assam 26.2 26.4 30.1 40.2 39.2 38.6 30.7
3 Bihar 259 253 254 283 279 25.0 24.7
4 Delhi 48.0 49.6 423 48.7 50.7 47.0 45.0
5 Gujarat 18.3 214 21.7 20.1 22.1 20.0 19.2
6 Haryana 314 32.8 334 33.9 338 35.0 33.0
7 Himachal Pradesh 17.5 18.4 19.2 20.1 19.7 18.3 17.4
8 Jammu & Kashmir 48.6 50.0 47.5 47.1 47.0 56.4 46.8
9 Kamataka (KPTCL) 18.5 18.9 18.6 30.2 38.0 36.5 36.0
10 Kerala 20.1 214 179 17.6 174 17.2 17.2
11 Madhya Pradesh 19.5 20.6 19.7 19.5 318 31.0 30.0
12 Maharashtra 154 17.7 17.1 15.5 30.5 30.0 28.0
13 Meghalaya 17.8 19.5 17.9 20.1 20.6 20.3 203
14 Orissa (GRIDCO) 46.9 50.4 49.2 419 45.2 49.9 53
15 Punjab 18.2 18.9 17.8 16.7 17.2 17.5 17.5
16 Rajasthan (Transco.) 285 25.9 26.5 294 30.0 29.0 27.7
17 Tamil Nadu 17.0 16.4 16.8 16.9 16.7 16.5 16.3
18 UP (Power corp.) 228 27.0 25.5 25.5 422 39.8 38.7
19 West Bengal SEB 20.7 20.1 20.0 25.5 29.7 30.0 300
Average : 22.2 24.5 240 24.8 30.8 29.9 27.8
Source: Planning commission, 2002b
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3.3.3 Financial Performance

The financial performance of the state power sector had deteriorated steadily
since 1996-97. RSEB had not been able to cam the statutory rate of return of 3% on

net fixed assets without subsidy from the Government of Rajasthan because of its low

level of tariffs. In spite of the sales revenue not being able to meet the operating costs

there was not considerable tariff increase during 1993-94 to 2001-02. Therefore,

RSEB had to depend on the support of government to sustain its operations. But, the

Government of Rajasthan was unable to meet the increasing financing needs of the

RSEB because of its continuing poor performance.

3.3.3.1 Cost Structure

Figure 3.3 shows the cost structure of RVUN. The major components of

electricity supply costs are: fuel cost, power purchase cost, O & M cost, establishment

and administration cost, depreciation cost, interest and other miscellaneous expenses.

The average cost composition shows that fuel cost constitute about 64 % of the total

cost and interest also contributing huge, adds almost 19 %. This high level of interest

reflects the capital structure of the utility.

Comparing the cost structure with other power generation companies (Table

3.6), it may be observed that fuel cost per unit of electricity generation in Rajasthan is

151.70 paise/kWh. This cost is only marginally lower than HPGC where it is 176.30

paise, but substantially higher than the fuel cost in other states. The per unit fuel costs of

WBPDC, UPTPGen Corp., APGENCO, KPC and OPGC are 99.95 paise, 87.63 paise,

84.34 paise, 64.49 paise, and 47.60 paise, respectively. Thus, there is a wide variation in

the per unit fuel cost across the states. Generally the per unit fuel costs are lower in the
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states with higher proportion of hydro power generation. The unusually high fuel cost
per unit in Rajasthan can be attributed to the large component of transportation cost of
coal from the other states.

Another major component in the cost structure of electricity is the interest
component. This is the interest paid by the power companies on the borrowing capital
for installing the power plants. It may be observed that the interest component per unit
of electricity generation in Rajasthan is 44.33 paise/kWh. This cost is only marginally
lower than HPGC where it is 58.21 paise, but substantially higher than the fuel cost in
other states. For example, in case of UPTPGen Corp. the interest component is only

10.68 paise. The large interest component shows that the utility has high borrowed

capital and at higher interest rates.

Cost structure of RVUN (2001-02)

/ \_ Fuel.
64%

ture of generation companies - 2001-02
2002b

Interest
19%

Figure 3.3 Cost structure 0
Source: Planning commission,
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Table 3.6 Cost structure of different generation companies - 2001-02

Utility Fuel Power O& M Est/ Misc. Depreciation Interest Total
Purchase Admn. exp.
(Paise/Kwh of sale)
APGENCO 84.34 0.33 7.62 8.15 0.00 17.78 41.81 160.04
HPGC 176.3 0.00 8.47 20.50 0.00 13.25 25.59 244.17
KPC 64.49 0.00 3.57 14.54 2.23 13.44 25.11 123.38
OHPC (Orissa) 0.00 0.00 427 9.50 0.00 13.52 28.82 56.12
OPGC (Orissa) 47.60 1.12 9.04 8.34 1.51 30.67 0.00 08.27
Rajasthan (Genco.) 151.70 0.00 4.15 5.50 15.3 15.35 44.33 236.47
UP TPGen. Corp. 87.63 0.00 14.6 14.67 0.00 21.38 10.68 148.99
WBPDC 99.95 0.00 7.79 5.84 0.00 31.82 58.21 203.62
Source: Planning commission, 2002b
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3.3.3.2 Electricity tariff

Uneconomic pricing of electricity is also one of the major factors for heavy
losses in the Rajasthan power sector. Current electricity tariffs in Rajasthan do not
reflect the actual cost of supply to the different consumer groups: industrial and
commercial consumers, particularly high voltage consumers, are charged substantially
higher than the cost of supply whereas the agricultural sector and, to a lesser extent,
the residential sector, are heavily subsidised. Table 3.7 shows the average retail tariff
in different sectors. It can be seen that the agricultural sector pays very little, while
commercial/industrial users pay significantly more, well more than average costs.
Further agriculture sector contributes for a significant portion of consumption (41%).

and the share for industry has been declining over time (partially due to their move to

captive power). Agricultural and domestic users are subsidised, while other users are

charged higher prices (cross-subsidy). But, on average, utilities lose over one rupee

per kWh they deliver, with a “cost of supply” of Rs 3.68 /kWh, and average tariff of

Rs 2.21 /kWh.

Comparing the average tariff (Table 3.8) to the average cost of supply, it may be

seen that the losses of the utility have been increasing over time. This is despite the

substantial increase in tariffs recently, over 9.5% p.a. over the 9 years shown.

Unfortunately, the average cost of supply has increased even more rapidly, at about

TR s trend will continue because of higher costs of
11.8%, and there are€ indications that this g

fion units as well as increased costs for factoring in utility profitability.
new generatio
eclined from 91% to 76% over the past 10

as d
The cost recovery through revenues h

lectricity in irrigation provides no incentives to

years (Figure 3.4). The pricing of e
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agricultural consumers to use energy efficient pump sets. The continuation of pricing
policies has not only adversely affected the financial position of the utility but has also

weakened the borrowing capital from domestic and international funding agencies.
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Table 3.7 Average tariff in different sectors (Paise/kWh)

Sector 1992-93  1994-95 1995-96 1996-97 1997-98  1998-99  1999-00 2000-01  2001-02

Domestic 78.05 82 98.2 122.79 125.71 139.89 158.95 190.87 190.93

Commercial 156.16 170 205.8 264.41 296.17 319.00 400.00 429.76 432.00
Agriculture 30.99 30.8 30.1 31.22 34.58 25.58 33.56 46.26 46.33
Industrial 157.83 178 204.1 271.56 323.60 313.75 379.37 392.88 395.13
Railway traction 152.38 177.4 2174 314.40 320.13 362.18 308.00 405.88 404.97
Outside state 100.61 128.2 145.3 169.78 208.99 234.78 194.64 0.00 0.00
Overall average 102.15 1153 1333 165.53 187.89 178.86 200.35 22499 221.32
Source: Planning commission, 2002b.
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Table 3.8 Cost of supply versus tariff

Average cost of Average tariff Shortfall (Losses)  Recovery through tariff
supply
Financial year paise/kWh paise/kWh paise/kWh %
1992-93 138.2 102.1 36.1 0.74
1993-94 163.8 1153 48.5 0.70
1994-95 196.5 133.3 63.2 0.68
1995-96 234.5 1423 70.8 0.67
1996-97 258.6 165.5 79.0 0.68
1997-98 270.8 187.9 82.9 0.69
1998-99 2843 178.9 105.4 0.70
1999-00 336.1 200.4 135.8 0.68
2000-01 3413 225.0 116.3 0.66
2001-02 368.2 221.3 146.9 0.60
Source: Planning commission, 2002b
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3.3.3.3 Subsidies

Table 3.9 indicates the subsidy receivable from the government and the actual
amount received by Rajasthan power utility for the period 1996-97 to 2001-02. The
commercial losses have become so high that the current rate of return (excluding
subsidy) of the utility has gone down from — 19.2% in 1992-93 to -73.8% in 2001-02.

The level of subsidy as a percentage of revenue has increased from 31% in

1993-94 to almost 66% in year 2001-02 (Figure 3.5). In 2001-02, the total subsidy

given to these consumers was of the order of Rs 29,206 million, which is almost 66%

of total revenue received (Table 3.9). The quantum of subsidies has become so large

that the state government is not in a position to pay the subsidies.

Even if we assume that the entire subsidy is received by the utility, in that case

also utility is not in a position of achieving the desired rate of return 3% stipulated by

the central government. A part of this subsidy was recovered through cross-

subsidisation of railways, industrial and commercial sectors. From time to time, the

state government compensates in the form of revenue subsidy, but it does not cover

the amount fully. For example, in 1999-2000, as against the net subsidy of Rs 25,661

million provided by the Rajasthan power sector, they got compensation of Rs 17,661

million. Moreover, Very often, this is only on paper just to show the stipulated ROR of

341 % and that money may not be available for use. No firm could be commercially
. 0

f subsidy. If the state government wants to

viable providing this large amount O

subsidies some sectors the subsidy amount should be fully compensated from the

state budget.
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Figure 3.5 Subsidy as percentage of total sales revenue

48



Table 3.9 Subsidy and receivables in Rajasthan power sector

achieving 3% RoR

1996-97 1997-98 1998-99 1999-2000 2000-01 2001-02
Actual Actual Actual Provi. (RE) (AP)
: (Rs. million)
Subsidy to agriculture sector 9,630 11,160 15,610 19,840 20,560 23,410
Subsidy to domestic sector 2,426 3,237 3,833 5,052 4,680 5,796
Subsidy Inter-State Sales 203 23.5 216 769 444 0
Total subsidy 12,259 14,632 19,659 25,661 25,684 29,206
Subventions recd. From State 5,608 7,049 11,965 17,661 0.0 0.0
Govt.
Uncovered Subsidy 3,470 2,889 1,846 1,534 20,875 26,863
Commercial losses (excluding -4,380 -610 -1331 -1,899 615 -2412
subsidy)
Commercial losses (including 632 65.35 -134.27 -132.86 614.59 -2412
subsidy)
Rate of Return (excluding -19.2 -22.88 -45.35 -48.71 14.96 -73.8
subsidy)
Rate of Return (including 2.44 2.34 -4.58 -3.41 14.96 -73.8
subsidy)
Additional revenue for 0.0 7234 14180 20150 -4910 25102

AP= Annual Plan RE = Revised Estimate
Source: Planning commission, 2002b
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3.4. OPTIONS TO IMPROVE PERFORMANCE
The performance of electricity utilities in Rajasthan can be improved through cost
reduction and additional revenue earnings. Cost can be reduced in many ways. We have
considered the possibilities such as: reducing auxiliary consumption, reducing T&D

losses, using renewable energy technologies for electricity generation, improving end-use

efficiency through DSM programmes and adopting competition in retail supply.

3.4.1 Demand Side Management

Until recently very little attention paid to the energy efficiency activities in

Rajasthan power sector. However, improvement in transmission network has been in the

top of the agenda in the recent years. A number of DSM programmes are being initiated

by DSM cell of Jaipur Discom on pilot scale (JVVN, 2003). These include, power factor

improvement in plants, energy efficient pumps for agriculture consumers, CFL

installation in domestic consumers, etc. The results of these programmes show a good

feasibility and savings potential. If proper finances are arranged, they can be

implemented on large scale. These programmes are being implemented on pilot basis

with the aid of the international funding agencies such as USAID/ World Bank The main

objective of these pilot programs is to assess the primary benefits in terms of energy and
peak load reduction. In order to build a concrete DSM plan, there is a need of end-use

data. which is currently not available with the utility. The DSM cell is also carrying out

load research programmes with the help of non governmental organisations to frame
mes to its customers. In Rajasthan, DSM is perceived not only

appropriate DSM prograim

of electricity after th

d distribution losses. This has a reason because the

e electric meter but also as some additi
as the management additional

measure at reducing transmission an
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transmission and distribution losses are very high currently due to poor management of

customer. lack of measuring devices, low electricity prices and other technical reasons.

3.4.2 Renewable Energy Technologies

Although most of the power generation in Rajasthan is coal based, which is

costing very high due to high transportation cost involved in long distance coal

transportation, but recently the identification of wind power sites and high solar

radiations has provided an alternative solution in terms of wind and solar photovoltaic

power generation. Recently, Ministry of Non conventional Energy Sources (MNES) has

identified 8 wind sites in Rajasthan with average wind power density of more than 150

Watts/sqm at 30 m above ground level, which is considered to be bench mark criteria

for establishment of wind farm. So far Rajasthan have about 14 MW installed capacity

of wind farms. A 140 MW Integrated Solar Combined Cycle (ISCC) Power Project is

planned to be set up at Mathania near Jodhpur in Rajasthan by Rajasthan State Power

Corporation Ltd. as a centrally assisted project at a total estimated cost of Rs.87.2

million. The project will comprise a 35 MW solar thermal power plant and 105 MW

combined cycle Ppower plant. World Bank and KfW (Kreditanstalt fur

Wiederaufbau) would provide US $ 49 million grant assistance and DM 250 million

loan assistance respectively (MNES, 2003). This will be the first of its kind and the
largest such project in the world. Although these technologies have achieved a fair

ve user support and R&D efforts.

degree of maturity but they are yet 10 recel

3.4.3 Reduction in T &D Losses

In year 2001-02 the net requirements of electricity in Rajasthan was about
o, was through outside purchases at higher cost. If we

25,570 MU, of which about 23
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assume the T&D losses to be kept at a minimum of 15 %, then the energy available for
sale would be 21,735 MU, thus necessitating an import of only 10 % of the total
requirements. This will give a net saving of 3,835 MU, in terms of power purchasc cost
of Rs 8,485 million at an average power cost of 2.15 Rs/ kWh, which means, a saving
of Rs 0.33 per unit of electricity sold. The burden of power purchasc can also be

reduced through improvements in the operating efficiency of the utility.Recently the

RERC has directed the Discoms companies to bring down their existing T&D losses to

20% level in coming five years and reduce it by 5.4% in the financial year 2002-03

(CUTS, 2003). Since it requires interface with the end-users, companies finding it

difficult as there is no formal mechanism to involve the consumers in the process.

These losses can be reduced to optimum levels by better design of lines, relocation of

distribution transformers, installation of capacitors, and use of higher efficicncy

transformers. As upgrading the existing T&D system will require huge investment,

which is beyond the capacity of the state government, an upgrading scheme with private

sector participation may prove effective.

3.4.5 Reduction in Auxiliary Consumption
The current auxiliary consumption in the thermal power plants of the Rajasthan is

This is one of the major areas that offer considerable savings

partly due to poor quality of coal, equivalent figures in

of the order of over 10 %.

potential. Though it is attributed
the other countries demonstrate scope for improvements. Improvement in the power

factor of auxiliaries, Proper sizing of auxiliaries, and measures such as sliding pressure
’
operation of units instrumentation for auto air-load control to run the unit with
1 ’
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optimum excess air, reliable flame monitors etc. are the possible measures to reduce the
high auxiliary consumption in the individual power plants (Parikh, 1996).

3.4.6 Competition in Retail Supply

Moving from monopoly market to competitive market particularly in distribution
sector will help in operating the Discoms to operate at a high level of technical
efficiency and minimize the costs. Recently enacted Electricity Act (2003) provides

open access to transmission as well as distribution of electricity. Further it allows the

distribution licensee and generation companies to engage in power trading. Here the

regulator has to be cautious while framing the open access policy, as it deals directly

with developing a competitive market. This arrangement would allow independent

power producers, captive generators, and others to sell electricity to high-tension high-

tariff customers.

3.5 SUMMARY

The analysis of the Rajasthan power sector shows that low cost of electricity,

high cost and inability of the Discoms to charge economical prices for electricity sold to

consumers are the principal reasons for the heavy losses occurred in the power sector.

The continuation of pricing policies has not only affected financial position but has also

increased the cost of borrowing capital and has weakened the bargaining positions in

dealing with independent poWer producers. Although there is no single magic solution

se problems, but the solution has to be identified through

to overnight solve the

attempting all the available alternatives such as, demand side management, better

management of the power sector, reducing T&D losses, attempting on renewable
e

cnergy etc.
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Chapter 4

ASSESSMENT OF DSM POTENTIAL
FOR RAJASTHAN POWER SECTOR

4.1 INTRODUCTION

The power sector in Rajasthan is expanding at a rapid pace over the past decade

as discussed in the previous chapter. Serious concerns have been raised in generating

resources to meet the growing energy requirements. In this chapter an attempt has been

made to assess the impact of certain DSM programmes in different consumer categories.

First, a reference (base case) scenario is developed assuming a continuation of current

trends. DSM interventions have been evaluated by forecasting different scenarios. The

scenarios are developed based on the basis of government of India’s published plans and

policies for Rajasthan power sector. Introduction’of DSM options is based on the

feasible penetration rates in each consumer categories. Renewable energy technologies

such as wind integrated solar combined cycle plants, etc., are also considered as a
candidate power parts. Other options such as reducing transmission and distribution

losses are also considered while framing scenarios. These scenarios have been

developed by asking cwhat if?’ questions, €-8. what will be the impact if the energy

efficient appliances replace the existing appliances? The impact of different demand side
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and supply side options is assessed in terms of energy, peak demand, and CO

emissions.

The questions which have been addressed include the following.
e How much new capacity additions are required for meeting the electricity
demand of Rajasthan over the next decade?

o What will be the implications of electricity generation on the environmental

emissions?

What is the extent of resources required to fully meet the projected electricity

demand?

e What impact could DSM, renewable energy technologies and reduction in T&D

losses offer for meeting the electricity demand and reducing environmental

emissions?

4.2 METHODOLOGY AND ASSUMPTIONS

4.2.1 End-Use Forecasting Model for Rajasthan

Electricity demand forecasting is a starting step of utility power planning

process. Hence, reliable demand forecasts are critical for successful planning. End-use

forecasting approach is adopted in the present analysis. The end-use approach attempts

to capture the impact of energy usage patterns of various devices and systems. The end-

use models for electricity demand focus on its various uses in the domestic;

sectors of the economy. For example, in the

commercial; industrial; and agriculture

domestic sector electricity is used for cooking, air conditioning, refrigeration, lighting,

and in agriculture for irrigation. The end-use method is based on the premise that

energy is required for the service that it delivers and not as a final good.
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In this study, an end usc forccasting modcl known as Long Range Energy
Alternative Planning (LEAP) (SEIB, 2000) model has been used to examine the
development of Rajasthan power sector under different planning scenarios. LEAP has
been developed by the Stockholm Environment Institute-Boston Centre at the Tellus
Institute, with support from the United Nations Environment Programme. Figure 4.1

presents the schematic structure of the end-use demand forecasting model in the LEAP

framework. Forecasting under the LEAP framework is done by disaggregating the total
electricity demand into a hierarchical format based on four levels: sector; sub-sector;

end-use: and device. The proportion of end-use devices is further disaggregated into

existing appliances and high efficiency appliances, which are either in use or are likely

to be introduced in the future.

LEAP is used for the evaluation of national/regional energy planning policies

(Lazarus, Heaps and Raskin, 2000). The system is designed to assist energy planners

and decision-makers to identify and quantify the future pattern of energy consumption,

the problems associated with this pattern of energy use, and also the likely impact of the

different policies. This system also tracks down the long-term energy demand and

supply situation in a given country.

A number of researchers have applied LEAP for forecasting the environmental

impact due to growth in transport sector (Bose and Nesamani, 2001, Dhakal, 2003).

LEAP has also been used for sustainable energy planning by various researchers in

am and India (Tanatvanit et al., 2003; Kumar et al., 2003, Bose and

Thailand, Vietn

Nesamani, 2001).
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The main driving variables for the future projections of sectoral energy demand
are: (i) expected growth rate of consumers and (ii) change in the energy intensity

(average annual energy consumption per consumer).

The future projections of sectoral energy demand (E;) can be expressed by

E,=Y N *E,
=0
Where, N.is the total number of consumers in year ‘i’ and E_; is the average energy

. . . oo
intensity per consumer in year 1.

The number of consumers in year ‘i’ are estimated based on long-term time-
series analysis. Table 4.1 shows past growth trend of number of the consumers in

different consumer categories. It is assumed that the same growth trend in number of

consumers in different sectors will also prevail in future years. The average growth in

no. of consumers between years 1994-2001 was 7.7 % p.a. Industrial HT consumers

registered a highest growth (11.8 %) due to rapid industrialisation in the state. But over

een considerable increase in the number of consumers in
last three years, there has not b

thi The domestic and agriculture consumet, which forms the highest share in
\is category.

b f consumers also increased with a rapid pace during this period. The
number o ;

e of 6 % p-2 Number of consumers in other sectors also

registered a growth rat

increased at a rapid pace:
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Table 4.1 Number of consumers and their growth rate in different sectors

Years Domestic  Commercial Industrial Industrial Agriculture

LT/MT HT
1994 2,679,573 4,83,648 1,12,296 962 4,27,065
1995 2,983,322 522,567  1,17,226 1,218 4,75,614
1996 3,179,778 5,46,563 1,21,394 1,465 5,02,238
1997 3,363,800 5,065,488 1,21,801 1,657 5,30,109
1998 3,527,187 5,84,495 1,24,544 1,867 5,55,522
1999 3,101,384 6,10,722  1,28,385 2,023 5,77,395
2000 3,902,520 6,34,695 1,30,353 2,047 5,99,767
2001 4,047,515 6,58,381 1,34,460 2,112 6,26,312
Avg. growth rate 6.0 4.4 2.6 11.8 5.6
(%)

Source: CEA, 2002

The energy intensity (annual energy consumption) of each device is formulated

as a function of number of devices, capacity of device and average usage hours. The

following equation s used to estimate the average energy intensity of each end-use

device:

h ‘I ? iS the CapaCit Of dCViCC ‘S, and ‘Hs, rep €SC ts the annua] operating

whnere s y I n

hOl.lIs V' ’ -useé ‘4’ and E 7 iS the average € gy in enSity Of devices for
fOI' de 1C€ ‘S for end us 1 i ner t

i ities of different end-uses will give the energy
3 i rgy intensities O
end-use *i’. Summation of €n¢

intensity of the consumer (Eo)-
intensity in domestic, commercial, LT&MT
t trend of energy 1n :
Table 4.2 shows pas
d agn‘culture sectors. The energy intensity of the consumers

Industrial, HT industrial, an

LT industry and
of 1994-2001. This represents a gradual decrease in the

HT industry has grown at a rate of -1.3 % p.a. and
In commercial sector,

-10.5 % p.a. over the PeriOd
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energy intensity of these consumers. This is due to many factors such as improvement in
end-use cfficiency, increase in smaller size of industry, fuel switching, shifting to captive
generation, etc. For our analysis it is assumed that the energy intensity in these sectors
will remain stagnant over the plan period. In case of domestic sector the energy intensity

increased at a growth rate of 3.3 %. This is mainly due to increased urbanization and
more dependency of these consumers on electrical appliances. For our future projections

it is assumed that a growth rate of 2 % p.a. will take place in this sector. Energy intensity
in agriculture sector has also registered a growth rate of 3.9 % p.a. The reason for such a
high growth rate in this sector is the depleting water table in the state. The future

projections for this sector are made by considering an average growth rate of 2.5 % p.a.
over the plan period. The other sectors also registered considerable growth in their

respective energy intensities. This trend is expected to continue in the plan period.

The total energy intensity of a consumer is disaggregated in to different end-

uses. Share of differcnt end-uses in total energy intensity is estimated based on earlier
studies (Table 4.3). In case of residential, agriculture and commercial consumers the
end-use energy consumption are estimated based on survey results carried out by DSM
¢ Vidyut Vitaran Nigam (JVVN, 2001). For LT&MT consumers, the share

nsumption is estimated based on a joint report of

cell of Jaipu

of different end-uses in energy €0
ustrial HT consumers the share of different end-uses in

TERI and CERI (1995). For Ind
d based on a HT industries survey conducted by Parikh

energy consumption is estimate
a. The encrgy intensity at device level, which is the annual

et al. (1996b) in Maharastr

a device, is estimated by breaking the end-use energy

energy consumption DY
mer in t0 different end-use devices. Energy intensities are

consumption of a const
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specified for existing, new or retrofitted devices. Additionally, energy intensity changes
over time as per the improvements in the technologies.

The present efficiency of end-use appliances and the pattern of energy utilisation
for different appliances are assumed to remain unchanged in the future. However, it is
too difficult to classify types of devices with a specific end-use because of the variety of
devices and also the limitation of data in the industrial sector. So, it is assumed that each
type of end-uses in each industry is as existing now.

The estimates of energy consumption in public lighting and waterworks

categories are based on connected load (kW) and the average consumption per kilowatt

of connected load (kWh/kW). The energy consumption in railway traction is estimated

by forecasting the previous trends in energy consumption.

2 Average annual energy intensity (thousand kWh) of different consumers

Table 4.
Years Domestic Commercial Industrial  Industrial  Agriculture
LT/MT HT
1994 0.56 1.10 9.40 3569.60 8.58
1995 0.58 1.15 10.2 3015.28 7.82
1996 0.62 1.25 10.66 ' 2599.24 8.69
1997 0.65 1.33 10.33 2599.24 8.94
1998 0.69 1.49 11.01 2048.62 8.97
1999 0.72 1.38 9.22 1860.00 10.45
2000 0.73 1.35 916 169074 10.94
2001 0.71 1.31 8.59 1636.53 1130
‘/f -

Avg. growth raté 3.30 9.60 1.30 -10.50 3.00
(%)

Source:CEA, 2002
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Table 4.3 Share of end-uses in different consumer categories

Consumers End-uses Reference
categories
Domestic Lighting (58 %), Ventilation (22 %), Load Research data from
(Urban) Refrigeration (11 %), TV (6 %), Others DSM cell Jaipur Discom
(3 %) (JVVN, 2001)
Domestic Lighting (72 %), Ventilation (16 %), Load Research data from
(Rural) Others (12 %) DSM cell Jaipur Discom
(JVVN, 2001)
Commercial  Lighting (49 %), Ventilation (45 %), Load Research data from
Others (6 %) DSM cell Jaipur Discom
(JVVN, 2001)
Agriculture Agriculture pump (95 %), Others (5 %) Load Research data from
DSM cell Jaipur Discom
(JVVN,2001)
LT&MT Electric Motors (73 %), Lighting (8 %), TERI report: (TERI and
CER], 1995)

Industries Others (19 %)

Electric Motors (46 %), Lighting (6 %),  HT industries survey
Electric Heating (13 %), Air Compressors conducted by IGIDR in
(9 %), Melting (15 %), Air-conditioning Maharastra (Parikh et al.,

(3 %), Others (8 %) 1996b)

HT Industries

4.2.2 Input Data for LEAP

As the end-use forecasting approach requires a detailed end-use database, which

is not readily available due t0 absence of load research activities in Indian utilities,

simplistic and broad assumptions are adopted in the analysis. For the present study, the
historical data are collected from several reports of the government and non-government
agencies such as the Central Electricity Authority (CEA), Ministry of Power (MOP),
mission, Centre for Monitoring Indian Economy (CMIE), The Energy and

Planning Com
etc. The main data used in the study are listed below:

Resources Institute (TERI),

and side, the data used are: the energy intensity at end-use level,

1. On the dem
vice level, penetration of end-use devices in different

energy consumed at de
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consumer sector, share of end-uses/devices in total energy consumption of a

consunier, etc.

On the supply side the data used are: the T&D losses; load factor; capacity
factor; capacity mix; capital and running costs of candidate power plants; etc.

A mix of hydropower plants and thermal power plants remains are considered to
meet the future electricity demand. The thermal plants include two types of coal-
fired plants, gas based combined cycle plants (i.e., CCGT), nuclear plant,
integrated gasification combined cycle (IGCC) and pressurized fluidized bed

combustion (PFBC) plants. Wind power plants which have already been

planned are also considered.

Existing plants are assumed to be available during the plan period.The plant

characteristic data are entered which includes plant capacity, the energy

produced for base year, the efficiency of the plant and the maximum capacity

factor of the plants.

In the case of Rajasthan, expansion planning for power plants has been carried

out by government till the year 2007. Further for year up to 2012, the exogenous

ut of candidate plants are given to meet the forecasted electricity demand.

date power plants are entered as the weighted average

inp

The cost figures of candi
cost. The capital costs and other details of candidate power plants used in the

given in Table 4.4.

study are
sjons are estimated in the form of CO, SO, and NO,

The environmental emis
ng emission factor for each type of candidate power plant

emission, by specifyl

The other requirement is the input of the environmental cost. This

(Table 4.4).
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has not been considered in this study as very less work has been done in the area

of environmental cost for developing countries and such data are unavailable

Table 4.4 Characteristics of candidate power plants

Candidate  Unit Capital  Fuel  Heat rate Emission factors
plants capacity cost cost co; S0,
5 NO,
MW x1 Rs./kcal kcal/lkWh g/kWh Wh W
Rs./MW ek ghWh
CCGT 250 35.2 0.8 2,000 550 0.4 1.64
Coal 500 35.8 0.4 2,500 1026 0.6 2.5
Hydro 500 85 NA 2,000 NA NA NA
IGCC 250 70.8 0.5 2,017 551 0.24 1.64
ISCC 400 61 0.1 2,000 385 0.17 1.15
Lignite 250 49.9 0.2 2,062 1078 14 1.64
PFBC 450 54.5 0.5 2,013 907 0.25 1.64
Wind 2 33.6 NA 2,000 NA NA NA

Source: Shreshtha and Shreshtha, 2003

4.2.3 Scenario Analysis

A central concept in LEAP is scenario analysis. This enables a critical

eXamination of different supply side and demand side options and their economic and

environmental impacts. Four alternative scenarios have been created in this study apart

from the reference scenario. These scenarios have been compared with reference

scenario in terms of overall electricity demand, capacity requirement, environmental
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emissions, and capital requirements. These scenarios are described in following sub-

sections.

4.2.3.1 Reference Scenario

The reference scenario represents a business as usual development strategy of

the power sector. In this scenario, only supply side options are considered in meeting

the projected electricity demand during the planning horizon of 2002-2012. This

typically the case of traditional supply side electricity planning.

In this scenario, the same set of supply side options and load growth

projections as in the reference scenario have been considered. In addition, a number

of DSM options are considered to be implemented over the plan period. The

description about energy efficiency potential and level of penetration of these

options has been described in section 4.2.6.

4.2.3.3 Reduced Transmission & Distribution (T&D) Losses Scenario

The high level of T&D losses, averaging about 25 % of total generation is

an issue of major concern of Rajasthan power sector (CEA, 2002). Indeed, reducing

T&D losses to more acceptable level is estimated to be one of the most economic

options for improving both system performance and reliability. Recently, in tariff
order issued by RERC, the utilities are directed to reduce the T&D losses to an
acceptable level of 20 % (RERC, 2003) In this scenario, the same set of supply side
options and load growth projections as in the reference scenario are considered. In
addition, the T&D losses are assumed t0 be reduced from the existing level of 25 %

; i 012.
in case of reference scenario t0 20 o by the end of 2

1s
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4.2.3.4 Renewable Energy Technologies (RET) Scenario

As govemment of India plans for meeting 10 % of future clectricity
demand through renewable energy resources, in this scenario it is assumed that the
future capacity mix in Rajasthan have 10 % share through renewable energy sources.
RSPCL has already floated a programme of installing 100 MW wind capacity by
2004 (GOR, 2003c). Further, in Mathania an Integrated Solar Combined Cycle
(ISCC) plant has been planned by the government. Solar and wind have been

identified as potential technologies for power generation in Rajasthan.

4.2.3.5 Integrated Resource Planning (IRP) Scenario

The preceding scenarios have considered the introduction of various

scenarios measures such as, DSM, T&D load reduction and renewable energy
generation options on an independent basis. Assuming that initiatives could be

undertaken on all these options simultaneously, it is appropriate to assess a scenario

that combines all the above planning options. The IRP combines all the alternative

scenarios together.

4.4 Formulation of DSM Programmes

Several factors affect economic attractiveness of a DSM programme. One is

whether the technical intervention such as the installation of a higher efficiency end-use
ether the te

device i de when the existing conventional equipment is due to be replaced. If so, it
vice is made

i.e., I ical intervention is made regardless of
' " If not, i.€- if the technica g
is termed as "replacement. I

th diti maining life of the existing equipment, it is referred to as a "retrofit."
€ condition or re

. 1o in this study involve replacement as well as retrofit
The DSM programmes considere

meas Overall, nine DSM programmes are considered in this study.
ures. Overall,
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4.2.4.] Market Penetration

Market penetration of a DSM option depends on the level of consumer
awareness, extent of cost sharing required by the consumer and the discount rate of the
consumer (Reddy et al., 1997). Market penetration of DSM options in this study is
assumed based on the potential number of consumers, existing market sales rate of the
end-use devices as well awareness about the energy efficient technology. The total
targets of DSM programmes consider new as well as existing consumers. For measures

with shorter life equipment replacement costs are discounted and incorporated in to
calculations.

4.2.4.2 Savings Potential

For estimating savings, the energy consumption of a DSM option is compared

with the base standard option. The annual energy savings are multiplied by number of

adoptions to obtain energy savings from each option. To arrive at the generation

requi ts. T&D losses of about 22 % have been incorporated in the demand
irements, T&

projections. Peak power savings are estimated by applying an annual load factor on the
energy savings at the generating end. Since there has been load shedding during peak

hours the normalised load factor (0.72) is assumed by considering the due allowances
1s the no

for the power cuts.

4.2.4.3 Programme Costs
ital, installation and operation and maintenance
. slude the capital, IS
Programme costs 1nC
it i that about fifty percent of the initial
.\ it is proposed
costs. For each DSM option
ility. The programmes are assumed to be
i - .« shared by uti
incremental capital cost 1S S

' 12.
Implemented in between 2002 and 20
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4.2.5 Characteristics and Assumptions of DSM Programmes

Table 4.5 summarises the characteristics and assumptions of individual DSM
programmes considered in this study. Only a limited set of DSM programmes a

re

analysed; thus, the results presented should not be viewed as the total or maximum

potential for DSM savings in Rajasthan. Following sections discuss the detailed

assumptions made for formulating the DSM programmes.

Table 4.5 Characteristics and assumptions of DSM programmes used in analysis

D . Programme description and Savings Measured Life
SM option penetration targets (%) per incremental  (Years)
DSM cost
measure
Compact Replacement of at least one 60 % 175 5
Fluorescent light point of incandescent Rs./device

lamps (CFL) lamp by CFL for domestic
consumers by year 2012.

Energy Assuming all the new  30% 2,000 10
Efficient consumers buy energy efficient Rs./device
Refrigerator refrigerators as a part of DSM
(EER) programme.
Energy Replacement of at least one 15 % 250 5
Efficient conventional ballast tube light Rs./device
Ballast (EEB) by electronic ballast tube light

for urban domestic CONSumMers

by the year 2012.
Energy Replacement of at leastoneold  10% 300 10
Efficient Fan inefficient fan by energy . Rs./device
(EEF) efficient fan for urban czigxlnzestxc

consumers by the year
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' Programme description and Savings Measure j
DSM option penetration targets (%) pger increme:tal fliears)
DSM cost
measure

Energy Replacing old inefficient air-  10% 3000 10
Efficient Air conditioners by efficient air- Rs./device
conditioners conditioners for commercial
(EEAC) sector consumers. It is assumed

that 10 % of total consumers

own at least one energy

efficient air-conditioners by the

year 2012.
Energy Replacing  old  inefficient 10 % 2000 15
Efficient electric motors by efficient Rs./kW
Motors (EEM)  motors for industrial

consumers. Assumed 30 % of

connected motor load s

replaced by energy efficient

motors by the year 2012.
Energy Replacing  old  inefficient 15 % 1500 5
Efficient industrial lights by efficient Rs./kW
Industrial lights for industrial consumers.
Lighting (EEL) It is assumed that 30 % of

connected industrial lighting

load is replaced by energy

efficient lights by the year

2012.
Power Factor Improving the power factor 5% 1000 5
correction from existing 0.92 to 0.96, 30% Rs./kVAR
(PFC) of total LT &MT consumers

opt for the programme by the

year 2012.
Energy Assuming that all the new 30% 4000 10
Efficient Pump  connections after 2002 adopt Rs./pump
sets (EEP) energy efficient pumps.
Retrofication of ~ Retrofication of  existing 20% 2500 5

by reducing Rs./pump

existing Pump
sets

(RET)

pumping system _
the losses in suction and

discharge lines. Assumed. t}aat
about 40% of the existng
pump-sets are retrofitted over

the plan period
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4.2.5.1 Compact Fluorescent Lamps (CFLs)

Present lighting use in domestic sector is largely from incandescent lamps and to
some extent from tube lights. In domestic sector, there exists a very strong case for
replacing low efficiency conventional incandescent lamps by high efficiency compact

fluorescent lamps. A CFL consumes 45 times less energy for the same lumen output

and last up to 13 times more than the standard incandescent lamp (Kumar et al., 2003).
Recently, a demonstration project was initiated for CFL installation by JVVN (JVVN,

2003), 100 numbers of 40/60 Watt incandescent lamps were replaced by 15 Watt CFLs.

Savings of the order of 8-10% were observed in the electric bill of consumers.

As a part of DSM activities, it is proposed to replace incandescent lamps by

CFLs in domestic consumers. It is assumed that CFLs will replace only the most

frequently used incandescent lamps. It is also assumed that, on an average, one light

point per consumers will be replaced by CFLs. Average savings of 60 % per CFL are

assumed for replacing the conventional incandescent lamps.

Table 4.6 shows the annual targets for this DSM programme. It is seen that there

is a net saving on demand side of 228.6 MW and the number of total adoptions in the

programme is 4,359 thousand CFLs. The cost of saved demand for the utility is Rs.

5,100/kW. The net energy savings by the terminal year of the plan is about 5,887 GWh

and the average cost of saved energy is 0.20 Rs./ kWh.
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Table 4.6 Annual programme targets for replacing incandescent lamps by CFL

Years Demand savings Energy savings Total adoptions Programme cost
(MW) (GWh) Nos (Thousands) (Rs. million)
2003 9.4 55.9 329 24.9
2004 20.8 124.4 355 48.6
2005 345 207.6 383 71.1
2006 51.1 308.0 414 92.6
2007 70.9 428.6 447 113.1
2008 93.6 567.4 424 131.3
2009 120.1 730.3 453 148.1
2010 151.0 920.9 484 163.8
2011 186.9 1143.1 518 178.2
2012 228.6 1401.5 554 191.6
Total 228.6 5,887.7 4,359 1,163.3

4.2.5.2 Energy Efficient Refrigerators
There is considerable energy saving potential in domestic refrigerators. For the

165-litre, manual defrost, CFC-based refrigerator, the TERI standard prescribes a

maximum energy-consumption value of 0.65 kWh/day (TERI, 1998). This is 50 % less

than the efficiency value prescribed in the latest standard proposed by the BIS (Bureau

of Indjan Standards), which is 1.25 kWh per day. For a typical Indian refrigerator of

165-litres the proven technologies of efficiency improvement can reduce consumption

from 1.25 kWh per day to 0.65 kWh per day. This is almost 50 % savings as compared

to standard conventional refrigerator. But for our analysis, it is assumed that all the new
refrigerators sold after savings of the order of 30 % are assumed by replacing

ient refrigerators.
conventional refrigerators by energy efficie g
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This DSM programme is suggested for urban domestic consumers. Presently
there are about 1,780 thousand urban domestic consumers (CEA, 2002). Considering
present growth trend, this number is expected to increase to about 3,040 thousand. It
shows that about 1,260 thousand new consumers will be added. Based on the load
research survey of Jaipur Discom, 42 % of urban domestic consumers own refrigerators
(JVVN, 2001). It means about 529 thousand new refrigerators will be added in the
market. Assuming all the new refrigerators added in the market are energy efficient

refrigerators. This represents the 41 % market share of energy efficient refrigerators by

the year 2012.

Table 4.7 shows the annual savings realised through energy efficient refrigerator
programme. It is seen that 12.2 MW of demand saving is possible with this DSM option.
The cost of saved derﬁand for the utility is Rs. 25,508/kW. The net energy savings by

the terminal year of the plan is about 314.1 GWh and the average cost of saved energy is

Rs. 0.93/kWh.
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Table 4.7 Annual DSM programme targets for energy efficient refrigerators

Year Demand savings Energy savings Total adoptions Programme

cost

(MW) (GWh) Nos (Thousands) (Rs. million)
2003 0.6 3.7 41.1 7.7
2004 1.3 8.0 43.4 14.6
2005 2.2 13.0 45.8 20.6
2006 3.1 18.6 48.2 259
2007 4.1 25.0 51.0 30.5
2008 5.3 32.3 53.7 344
2009 6.7 40.5 56.7 37.8
2010 8.2 49.9 59.8 40.7
2011 9.9 60.4 63.1 43.2
2012 11.8 72.2 66.6 452
Total 11.8 323.6 529.4 301.1

4.2.5.3 Energy Efficient Electronic Ballasts

M tic ballast based fluorescent tube lights are very commonly used in
agnetl

idential and commercial sector each consumes about 14 Watts. It may be worthwhile
residential an ’

] hem by energy efficient electronic ballasts, which can raise efficiency of the
to replace them

tric consumption of the fluorescent tube
d reduces the elec
fixture by 12 % to 30 % an

light by about 15 % (TERL 2002).
ic ballast programme. It is
al targets for the electronic
Table 4.8 shows the annu

e fixture per consumers by electronic ballast in domestic (urban)
proposed to replace on

] It iS SCCI’I tllat 12‘ ; I 1 C 1 F Ea'l: delllalld Sa lngS C n be Iealised
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17,881/kW. The net energy savings by the terminal year of the plan is about 349.3 GWh

and the average cost of saved energy is Rs. 0.54/ kWh.

Table 4.8 Annual DSM programme targets for electronic ballasts

Year Demand  Energy savings Total adoptions  Programme

savings cost

(MW) (GWh) Nos (Thousands)  (Rs. million)
2003 0.7 4.0 197.2 4.9
2004 1.4 8.7 218.8 9.2
2005 2.3 14.0 242.4 13.0
2006 33 20.0 267.7 16.3
2007 4.5 27.0 295.3 19.2
2008 5.7 34.8 324.8 21.7
2009 72 43.7 357.0 23.9
2010 8.8 53.8 391.5 25.7
2011 10.6 65.1 428.8 27.2
2012 12.7 77.8 469.0 28.5
Tord 2.7 349.3 3192.5 189.6

4.2.5.4 Energy Efficient Fans

Y, mestic energy cons i
Fans and coolers account for about 22 % of total do gy umption

i ient fans by efficient ones for urban
: d to replace old, inefficien
(JVVN, 2001). It is propose
9% in energy consumption has been assumed

i f 10
domestic consumers. A saving o

through such replacements.

fficient fans programme. It is
al targets for the energy €
Table 4.9 shows the annu
ing is possible with this DSM option. It is
demand saving 15 po '
seen that 17.4 MW of peak
ch urban domestic consumer will own one

least ea
assumed that by the year 2012, at
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energy efficient fan. A total of 1,868 thousand energy efficient fans will be required
during the plan period. This will require a total investment of Rs. 313.4 million. It is seen
that 17.4 MW of demand saving is possible with this DSM option. The energy savings
by the terminal year of the plan is about 458 GWh and the average cost of saved energy

is Rs. 0.68 /kWh. The cost of saved demand for the utility is Rs. 17,988 /kW.

Table 4.9 Annual DSM programme targets for energy efficient fans

Year  Demand savings  Energy savings Total adoptions  Programme cost

(MW) (GWh) Nos (Thousands) (Rs. million)
135.5 73
2003 0.8 4.7
144.9 14.0
2004 1.7 10.3
2005 2.8 16.9 125-§ 20.1
165. 25.7
2006 4.1 24.7 o >
2007 5.6 33.9 139.9 35.5
4.6 : .
2008 7.4 4 s o
57.0 : '
2009 > 217.0 43.5
2010 11.7 71.3 . )
87.8 231.9 46.9
2011 14.4
106.7 247.9 49.9
2012 17.4
457.9 1,868.6 313.4
Total 17.4

4.2.5.5 Energy Efficient Air Conditioner

ff

i mmercial sector. The total number of
.. M programme in CO
conditioners as a part of DS
d (CEA, 2002). Considering current
; i .. about 635 thousan
consumers in this sector 15 2
ber of commercial consumers is expected
) rs, the total num
growth trend in these consumets,
J consumers by the year 2012. Considering that about 10
thousan

to increase up to 1,002
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% of these consumers will replace their existing air conditioners by energy efficient air
conditioner through a DSM programme. This will represent a total market share of about

100 thousand energy efficient air conditioners. A saving of 10 % in energy consumption

has been assumed through such replacements.

Table 4.10 shows the annual targets for this DSM programme. It is seen that

there is a net demand saving of 11.8 MW and energy savings are of the order of 173.3

GWh. The cost of saved demand for the utility is Rs. 9,406 /kW. The average cost of

saved energy is Rs. 0.64/ kWh.

Table 4.10 Annual programme targets for energy efficient air conditioner

Energy savings Total adoptions  Programme cost

(GWh)  Nos (Thousands) (Rs. million)

Year  Demand savings

(MW)

2003 0.6 1.0 5.8 2.7
2004 1.3 2.5 6.5 5.2
2005 2.2 4.6 7.4 7.4
2006 3.1 7.4 8.3 9.4
2007 4.1 11.0 9.2 11.2
2008 53 15.5 10.1 12.7
2000 6.7 21.1 11.4 14.1
2010 8.2 27.9 12.5 15.2
2011 9.9 36.2 13.7 16.2

46.1 15.1 17.1

Towl T8 173.3 100.0 111.0

~——

—

4.2.5.6 Energy Efficient Motors

y of other process equipment. Energy efficient motors

ndustries to drive pumps, fans, compressors
Electric mot ,

machine tools and @ wide variet
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9% of these consumers will replace their existing air conditioners by energy efficient air

conditioner through a DSM programme. This will represent a total market share of about

100 thousand energy efficient air conditioners. A saving of 10 % in energy consumption

has been assumed through such replacements.

Table 4.10 shows the annual targets for this DSM programme. It is seen that

there is a net demand saving of 11.8 MW and energy savings are of the order of 173.3

GWh. The cost of saved demand for the utility is Rs. 9,406 /kW. The average cost of

saved energy is Rs. 0.64/ kWh.

Table 4.10 Annual programme targets for energy efficient air conditioner

Energy savings T otal adoptions  Programme cost

(GWh)  Nos (Thousands) (Rs. million)

Year  Demand savings

(MW)
2003 0.6 1.0 5.8 2.7
2004 1.3 2.5 6.5 5.2
2005 2.2 4.6 7.4 7.4
2006 3.1 7.4 8.3 9.4
2007 4.1 11.0 9.2 11.2
2008 5.3 15.5 10.1 12.7
2009 6.7 21.1 11.4 14.1
2010 8.2 27.9 12.5 15.2
2011 9.9 36.2 13.7 16.2
2012 11.8 46.1 151 17.1
Toul 4.—1—13——/173.3 100.0 111.0

———

4.2.5.6 Energy Efficient Motors

used in industries to drive pumps, fans, compressors,

Electric motors ar€
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Machine tools and a W
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whose efficiency is 3 to 5 % hi
% higher than that of conventi
onal motors (owin
g to better

equivalent standard motors (TERI, 2002).

Table 4.11 shows the annual targets for DSM programme for energy effici
1cient

motors. There are 130 thousand LT& MT consumers and with a total connected load of
oad o

1,714 MW. Further, about 2,000 HT consumers contribute for a connected load of 1,855

MW (CEA, 2002). It is assumed that 30 % of the consumers adopt energy efficient
1en

motors in both the industrial consumer’s categories. This represents a total industrial
ustria

connected load of about 3,569 MW. Considering the present growth trend, this load i
’ 1S

expected to increase up 10 5,891 MW by the year 2012. According to the stud
y

conducted by Parikh et al. (1996b), 48 % of the total industrial load is from electric

motors and pumps. Assuming the same proportion in Rajasthan will give the connected
e

ad of about 2,827 MW. Conside

ements and new adoption during next ten years (i.e

electric motor 10 ring 30 % of this total connected load

eligible for replacement due to retir

y efficient motors. This will lead to about 783 MW load to be

by the year 2012) by energ

y efficient motors; by the year 2012. It is seen that 31.2 MW of peak

replaced by energ
y can be saved by the end of year 2012. This is

demand and 902.1 GWh of energ
eqUiVa]ent to a cost of SaVCd demand of Rs. 9,384/kw- The cost of saved energy is Rs

0.32/kWh.
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Table 4.11 Annual DSM programme targets for energy efficient motors

Year Demand Energy Total adoptions Programme

savings savings cost

(MW) (GWh) MW of connected (Rs. million)

motor load

2003 1.9 11.5 58.2 4.0
2004 4.1 24.4 60.2 8.5
2005 6.5 39.0 65.2 13.3
2006 9.1 55.1 68.4 18.6
2007 12.1 73.0 71.6 243
2008 15.3 92.7 73.5 30.5
2009 18.8 114.3 76.6 37.1
2010 22.6 137.8 79.8 443
2011 26.7 163.3 81.7 52.0
2012 31.2 191.0 84.8 60.2
Total 31.2 902.1 783.5 292.8

4.2.5.7 Energy Efficient Industrial Lighting

Industrial lighting accounts for about 4 % of total industrial connected load

(Parikh et al., 1996b). Energy efficient lighting systems whose efficiency is 10 to 15 %
higher than that of conventional lighting systems (owing to better design of reflectors,

improved technologies etc.) are quite feasible DSM option in this sector. The average
adoptions in lighting system have been obtained by assuming that 30 % of connected
lighting load (kW) is replaced by energy efficient lights by the year 2012. Table 4.12
shows the annual targets for DSM programme for energy efficient lighting systems. It is
d 264 GWh energy can be saved by the year 2012.

seen that 9.6 MW of peak demand an

and to utility is Rs. 26,875/kW. The cost of saved energy is

The total cost of saved dem

Rs. 0.97 /kWh.
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Table 4.12 Annual DSM programme targets for energy efficient industrial lighting

Year Demand Energy Total adoptions Programme
savings savings cost
(MW) (GWh) kW of the connected lighting  (Rs. million)
load

2003 0.5 2.9 8,257 29
2004 1.1 6.4 8,589 6.3
2005 1.7 10.4 8,812 10.2
2006 2.5 15.0 9,144 14.8
2007 34 20.3 9,476 20.0
2008 4.3 26.3 9,699 25.9
2009 5.5 33.2 10,027 32.5
2010 6.7 40.8 10,359 40.0
2011 8.1 49.3 10,582 48.3
2012 . 96 58.9 10,914 57.5
Total 9.6 264.0 1,04,032 258.4

4.2.5.8 Power Factor C orrection
Industrial loads are usually inductive in nature and have a lagging power factor.

Improvement of the power factor by adding capacitor banks can result in a reduction in

peak power demand. 1t is proposed to introduce a DSM programme for improvement of
power factor from the existing 0.92 to 0.96. Further it is assumed that about 30 % of
total LT &MT consumers opt for the programme by the year 2012. Table 4.13 shows
for DSM programime for power factor correction. It is seen that 23.4

the annual targets
d by the year 2012. The total cost of saved demand to

MW of peak demand can be save

utility is Rs. 18,504/kW.
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Table 4.13 Annual DSM programme targets for power factor correction

Year  Demand savings Energy Total Programme
savings adoptions cost
(MW) (GWh) Number of (Rs. million)

consumers

(Thousands
2003 1.3 0 4; 6.3
2004 2.8 0 4.4 13.0
2005 4.5 0 4.5 20.3
2006 6.4 0 4.7 28.2
2007 8.6 0 4.9 36.5
2008 11.0 0 5.0 433.5
2009 13.6 0 5.2 55.1
2010 16.6 0 54 65.2
2011 19.8 0 5.6 76.0
2012 23.4 0 5.7 87.4
ol 234 0 49.6 433.4

4.2.5.9 Energy Efficient Pumps
Agriculture sector is having about 700 thousand consumers (CEA, 2002).

Considering the current growth pattern of agriculture consumers, this number is
iderin

expected to reach up to 926 thousand by the year 2012. Assuming that all the new
ected to

bought after the year 2002 are encrgy efficient pumps, because of a DSM
pumps bought a

p This will lead to 226 thousand energy efficient pumps by the end of plan
rogramme. 1

period.
he annual targets for DSM programme for energy efficient

Table 4.14 shows t

hat 66 MW of peak demand and 1,891 GWh of energy can be saved
a

pumps. It is seen t
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by the year 2012. This is equivalent to a cost saving of Rs. 6,378/kW. The cost of saved

energy is Rs. 0.22/kWh.

Table 4.14 Annual DSM programme targets for energy efficient pumps

Year Demand Energy Total Programme
savings savings adoptions cost
(MW) (GWh) Nos (Rs. million)

(Thousands)
2003 3.9 233 16.7 10.8
2004 8.3 49.9 18 20.4
2005 13.3 80.0 19.3 28.9
2006 18.9 113.9 20.7 36.4
2007 25.1 151.7 21.9 42.8
2008 31.9 193.5 23.3 48.4
2009 39.4 239.6 24.5 53.1
2010 47.6 290.0 25.9 57.1
2011 56.4 345.1 27.2 60.3
2012 66.0 404.9 28.5 62.8
Total 66.0 1891.9 226 421.0

4.2.5.10 Retrofication of Agriculture Pumps

Agriculture sector is having about 700 thousand consumers (CEA, 2002). It is

assumed that, 40 % of existing pumps are retrofitted by the year 2012, This will lead to

280 thousand pumps retrofitted by the end of the plan period. A saving of 10 % in

energy consumption has been assumed through such replacements. The cost of

retrofication is assumed to be RS- 2500 per pump.

ows the annual targets for DSM programme for retrofication of

2.6 MW of peak demand and 1,506 GWh of energy

Table 4.15 sh

agriculture pumps. It is seen that 3
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can be saved by the year 2012. This is equivalent to a cost saving of Rs. 9,366/kW. The

cost of saved energy is Rs. 0.33/kWh.

Table 4.15 Annual DSM programme targets for retrofication of pumps

Year Demand Energy Total Programme
savings savings adoptions cost

(MW) (GWh) (Nos) (Rs. million)

(Thousands)

2003 3.1 18.5 19.9 12.6
2004 6.6 39.7 21.6 23.9
2005 10.6 63.7 23.0 33.8
2006 15.1 90.7 24.7 42.6
2007 20.0 120.8 26.2 50.1
2008 25.4 154.1 27.8 56.7
2009 31.4 190.8 29.4 62.2
2010 37.9 231.0 30.9 66.8
2011 45.0 274.8 32.5 70.5
2012 52.6 322.5 34.0 73.5
Total 52.6 1506.6 270.0 492.7

4.2.6 Summary of DSM Programmes

cost of saved peak

Table 4.16 shows the summary of DSM programmes arranged according to the

demand for the utility. Following conclusions are drawn from the

analysis of these DSM programmes

1.

s highly attractive to the utility. The highest energy and peak

CFL programme i
avings are expected t0 be realised by the CFL programme in domestic

ergy efficient pump programme in agriculture sector.

demand s

sector, followed by en

82



2. The CFL programme is also attractive from the economics point of view, as the
cost of saved energy and cost of saved capacity is minimum for this programme
i.e. 0.20 Rs./ kWh and Rs. 5,100 /kW respectively.

3. Domestic and agriculture sectors show the highest savings in terms of energy
and peak demand. Thus the DSM programmes in these sectors are highly
recommended in order to reduce the increasing energy demand in these sectors.

4. The average cost of saved energy for all the DSM programmes is Rs. 0.60/ kWh.

It shows that all the DSM programmes cost less when compared with the

average unit cost of electricity supply i.e. Rs. 2.36/kWh (see table 3.5).

The average cost of saved capacity is Rs. 16,959/kW, which is much less than

the average cost of creating additional capacity which is approximately Rs.

40,000/kW.

The estimates of savings potentials are highly sensitive to market penetration

rates of different DSM options. For instance in domestic sector an increase in the market

penetration rate for CFL lighting option from 1 to 1.5 CFL per consumer, can result in

increase in cumulative energy savings from 5,887 GWh to 8,831 GWh. by the year

2012. Similarly the peak demand savings would increase from 228.6 MW to 342 MW.
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Table 4.16 Summary of DSM programmes

DSM option Sectors Peak Cumulative  Programme cost  Cost of saved  Cost of saved
demand energy energy capacity
savings savings by (Rs. million) (Rs./kWh) (Total

(MW) 2012 (GWh) resource)
(Rs./kW)
Compact Domestic 228.6 5,887 1,163 0.20 5,100
fluorescent lamps
Energy efficient Agriculture 66.0 1,891 421 0.22 6,378
pumps
Energy efficient Commercial 11.8 173 111 0.64 9,046
air —conditioners
Energy efficient Industrial 31.2 902 292 0.32 9,384
motors
Retrofication of Agriculture 52.6 1,506 492 - 0.33 16,157
pumps
Energy efficient Domestic 12.7 349 189 0.54 17,881
electronic ballasts
Energy efficient Domestic 17.4 457 313 0.68 17,988
fans
Power factor Industrial 23.4 NA 433 NA 18,504
correction
Energy efficient Domestic 11.8 323 301 0.93 25,508
refrigerators
Energy efficient Industrial 9.6 264 258 0.97 26,876
industrial lighting
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4.3 ANALYSIS OF RESULTS
4.3.1 Results of Reference Scenario

4.3.1.1 Sectoral Energy Demand

Sectoral demand projections during the plan period (2002-2012) indicate higher

growth in domestic and agriculture sector, while industrial and commercial sector

register lower growth rates in the same period (Table 4.17). The overall electricity

demand for all the sectors in the state is estimated to rise at the rate of 7.6 % p.a. during

2002- 2007 and 6.8 % p.a. during 2007-2012. The projected energy requirement in the

domestic sector increases from 4,314 GWh in 2002 to 11,837 GWh in 2012. This shows

an average growth rate of 10.8 % p.a. during 2002-2007 and 10.2 % p.a. during 2007-

2012. The proportion of electricity demand in this sector gradually increases from 22.7

% in 2002 to 29.6 % in 2012.

The projected energy requirement in the commercial sector increases from 1,175

GWh in 2002 to 2,631 GWh in 2012. This shows an average growth rate of 8.5 % p.a.
during 2002-2007 and 8.1 % p.a. during 2007-2012. The proportion of electricity
9% in 2002 to 6.5 % in 2012.

demand in this sector gradually increases from 6.1

The projected energy requirement in the LT & MT industrial sector increases

002 to 2,254 GWh in 2012. T
p.a. during 2007-2012. The proportion of

i WS an average
from 1,730 GWh in 2 his sho ge growth rate of

32 % p.a. during 2002-2007 and 3.1%

tor gradually decreases from 9.1 % in 2002 to 5.6 % in

electricity demand in this s€C

2012.

gy requirement in the HT industrial sector increases from
ner

The projected €
2012. This shows an average growth rate of 8.5 %

4,795 GWh in 2002 to 11,081 GWhin
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p.a. during 2002-2007 and 7.3 % p.a. during 2007-2012. The proportion of electricity

demand in this sector decreases gradually from 25.2 % in 2002 to 27.6 % in 2012.

The projected energy requirement in the agriculture sector increases from 6,287
GWh in 2002 to 11,063 GWh in 2012. This shows an average growth rate of 6.5 % p.a.
during 2002- 2007 and 5.6 % p.a. during 2007-2012. The proportion of electricity

demand in this sector gradually decreases from 33.1 % in 2002 to 27.6 % in 2012.

4.3.1.2 Overall Energy and Peak Demand

Based on the energy demand forecast, the transformation programme of LEAP

has been used to simulate the energy supply to assess the adequacy of primary resources

to meet the forecasted energy demand. Transmission & Distribution Module has been

used to accommodate the losses occurring in the transmission, or distribution of

electricity. The peak demand has been estimated by assuming a suitable overall load

m. In the reference scenario, results from the LEAP model reveal that

out 24,711 GWh and 50,301 GWh in 2002

factor of the syste

the total energy demand is estimated to be ab
and 2012, respectively, as presented in Table 4.18. The energy requirement in 2012 is

s the energy demand in 2002. The peak demand is expected to

more than two time
MW in the year 2012 in reference scenario.

increase from 4,195 MW in 2002 to 8,324
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Table 4.17 Electricity demand in different consumer categories during 2002-2012

Sector Base year Projected Annual Projected Annual growth
consumption energy growth energy rate
in 2002 demand in rate demand in
2007 2012
" Units GWh GWh % GWh %
Domestic 4314 7,269 10.8 11,837 10.2
Commercial 1,175 1,774 8.5 2,631 8.1
Industnal LT& MT 1,730 1,934 32 2,254 3.1
Industrial HT 4,795 7,646 8.5 11,081 7.3
Public lighting 118 136 3.9 163 3.7
Railways 258 364 7.1 513 7.1
Agriculture 6,287 8,288 6.5 11,063 5.6
Water works 311 390 54 500 49
T&D losses 6,000 8,500 6.2 11,000 4.8
Total (all Rajasthan) 24,986 36,301 7.6 51,042 6.8
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Figure 4.2 and Figure 4.3, shows the official energy and peak demand forecasts
respectively, made in sixteenth electric power survey of India by CEA (CEA, 2002).
The forecasts made by CEA indicate an energy demand of 56,133 GWh and a peak
demand of 9,423 MW by the year 2012. The energy and peak demand forecasts in
reference scenario differs from the official energy demand forecasts of CEA, as it
incorporates the intended development focus, introduced through interventions in the

form of planned growth of connections and adjustment in energy intensity. But still the

results of the forecasts are comparable with the official forecasts.
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Source: (CEA, 2002)
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4.3.1.3 Capacity and Resourceé Requirements
been specified according to the
' h power plant has
Two dispatch rules for €ac
t load curve. In this method, each power plant is dispatched
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Here, it is assumed that the expansion of generation capacity will meet the forecasted
demand completely and so no shortages will occur during the plan period, new capacity
should be added to the system in order to meet the growing demand. As seen in Table
4.18, the installed capacity is expected to increase to 11,303 MW by the end of year

2012, from the base year capacity level of 4,887 MW. This shows almost two-fold

increase in the installed capacity. The primary energy resource requirements increase

from 8,185 thousand tonnes of coal equivalent in the base year 2002 to 15,467 thousand

tonnes of coal equivalent in the end year 2012. It represents an increase of 1.88 times in

the primary resource requirements from the base year value. The impact on

environmental emissions is increased from 16,030 thousand tonnes of CO; equivalent to

32,640 thousand tonnes of CO; equivalent by the year 2012.

Based on this forecast, and the average installation and maintenance cost per
kW of the new generating capacities, the cumulative total capital expenditure needed to
meet the above capacity requirements is about Rs. 251.9 billion (at constant price). Thus
a phased investment expansion programme for power sector should be prepared to meet

the demand in most economic and reliable way. As the state government would not be

tal expenditures, private sector may be encouraged to

able to meet this level of capi

wer generation projects like the independent power producers

finance and invest in po

scheme.
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Table 4.18 Results of the reference scenario

Year Units 2002 2004 2006 2008 2010 2012 Ratio

201272002
Energy requirements GWh 24711 28,641 33,326 38,449 44,070 50,301 2.03
Peak demand MW 4195 4,836 5,598 6,426 7,329 8,324 1.98
Capacity requirements MW 4887 7314 8249 9201 10,351 11,303 2.19
Capital requirements Rs. billion/time Period 11 53 101  151.0 201 250 -

(Cumulative system cost)

Energy consumption million tonnes of coal equiv. 7 8 9 10 12 13 1.85
Environmental emissions  million tonnes of CO; equiv. 45 52 57 68 80 93 2.1
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4.3.1.4 Capacity Mix

Figure 4.4, shows the installed capacity profile under the reference scenario.
The new capacity installations are accomplished mainly through coal and gas based
power plants. The installed capacity of conventional coal based power generation
increases from 2,450 MW in base year 2002 to 4,559 MW by the end of year 2012
representing 41 % of the total installed capacity. The share of other plants in the year
2012 include 12.6 % (1,423 MW) hydroelectric plants, 6.8 % (774MW) CCGT, 3.5 %

nuclear. 2.2 % (250 MW) wind, 1.2 % (140 MW) ISCC and 14.9 % (1,685 MW)

temporary allocation.
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Figure 4.4 Installed capacity R
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The overall energy demand and supply in reference scenario shows that the
increased electricity demand would result in the increased use of fossil fuel and
significant portion of fuel requirement would be met by coal based power plants.
This would result in the increased release of greenhouse gases (GHGs). Reducing

the growing energy requirements through energy efficiency not only reduces the

capital requirements for new capacity additions but also controls the release of

GHGs.

4.3.2 Scenario Comparison

In this section, forecast results of alternative scenarios are compared with

reference scenario. This comparison is carried out in terms of overall electricity

demand, capacity requirement, environmental emissions, and capital requirements.
b

4.3.2.1 Energy Demand
Figure 4.5 provides 3 comparison of energy demand under different

mand in reference scenario is expected to grow from 24,985

scenarios. Energy de
GWh in 2002 to 51,042 GWH in 2012, which represents an annual compound

growth of 6.8 % over the forecast period. DSM, T&D and IRP scenarios results in a

£2,910 GWh, 2,585 GWh, and

cenario. Lowest energy demand is

5,495 GWh respectively in
reduced energy demand 0

the year 2012 as compared t0 reference S
shows an average growth rate of about 5.3 %

registered under the IRP scenario. This
a considerable savings can be achieved through

Per year. It may be noted that

reduction jn T&D losses only:
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Figure 4.5 Energy demand under different scenarios

4.3.2.2 Peak Demand
The power demand would increase at the same rate as the energy demand unless
e p

the demand profile undergoes someé changes. The forecast of demand profile pattern is
mand p

€xtremely important as this determines the type of generation plant or DSM options to
yi
be considered. As the best approximation, the shape of load-curve is assumed to remain
nsidered.
h d The reference, RET and T&D scenarios assume a constant load factor of
unchanged. The refe ,
' .72 is assumed for peak
enarios a load factor of 0
0.7, while in case of DSM and IRP sc
6 shows the peak demand under different scenarios and
4.6 s

demand estimation. Figure . .
hen these scenarios are compared with

ings, W.
Figure 4.7 shows the peak demand saving |
the peak demand is projected to grow from

In reference scenario,

MW in 2012, representing an
W. and 1,102 MW in DSM, T&D, and IRP

reference scenario.
Sce annual growth rate of 6.5 %.

4,195 MW in 2002 to 8,324
21 M
Peak demand is reduced by 692 MW
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narios, respectively as compared to the reference scenario by the year 2012 (Figure
sce e

4.7).
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4.3.2.3 Capacity Requirement

Figure 4.8 shows the capacity requirements, and Figure 4.9 shows the
capacity mix in different scenarios. Figure 4.10 shows the capacity savings when
compared with reference scenario. The total capacity requirement under the
reference scenario is estimated to be about 11,303 MW. The capacity mix mainly

comprises the coal-based capacities and gas-based power generating units. In case of
RET scenario the total capacity requirements are of the order of 11,865 MW, which

represents a higher value as compared to reference scenario. This is due to the fact

that the renewable energy based power plants are assumed to operate at a lower

capacity factor, leading to higher capacity requirements. In case of DSM and IRP

scenarios. the installed capacity requirements are 10,601 MW and 10,715 MW,

respectively. It shows a capacity saving of 702 MW and 588 MW in DSM and IRP

. . the reference scenario. The reason for less
scenario respectively, as compared t0

, L. o inly due to the more dependency on renewable
capacity savings in IRP scenario 1s mal y

i 1 have a lower capacity factor.
energy based power plants which are specified to ha pacity
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4.3.2.4 Capiral Requirements (System costs)

Figures 4.11 shows the cumulative system costs and Figure 4.12 represents
the cost savings due to reduced capacity requirements under the alternative
scenarios, The cumulative system represents the costs incurred to build and operate
the electric power system under different scenarios as well as investments made in
" '5s. The cumulative system cost in reference
DSM programmes in different scenarios.

1 case of IRP scenario the cumulative system

scenario js Rs. 249.8 billion, while 1
s a significant financial savings of Rs. 7.3

cost is Rs, 242.5 billion. This represent
n DSM and T&D scenario are Rs. 242.8

. . & i
billion. The cumulative system oSt
y. This represents a financial savings of Rs.

billion and Rs. 245.6 billion, respectivel
illion of T&D scenario.

: b
7.0 billion in DSM scenario and Rs. 4.2
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%:3.2.3 Energy Resource Requirements

Figures 4.13 and 4.14, provides a comparison of energy resource
requirements under different scenarios. DSM, T&D and IRP scenarios result in
reduced energy resource requirements as compared to reference scenario. Lowest
Cnergy resource requirement is registered under the IRP scenario. The energy
T€source requirement by the end of year 2012 is 15.3 million tonnes of coal
€quivalent (MTCE) which is reduced by 2.2 MTCE and 0.8 MTCE in IRP and DSM
Scenarios, respectively. The energy resource requirements increase almost 1.8 times
the base year energy resource requirements under the reference scenario, while the

IRP scenario register an increase of 1.6 times the energy resource requirements of

base year.
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4.3.2.6 Environmental Emissions

Figures 4.15 and 4 16 provide a comparison of environmental emissions

and IRP scenarios results in reduced

under different scenarios. DSM, T&D
ared to the reference scenario. Lowest emissions

€nvironmental emissions as comp
are registered under the IRP scenario. In case of reference scenario, the
der of 86.5 millio

, equivalent and 7.5 million tonnes

n tonnes of CO; equivalent,

eNVironmental emissions are of the of

on tonnes of CO

Which are reduced by 18.2 milli
vely. The environmental

: .
o Co, equivalent in [RP and DSM scenarlos, respectl

the base year environmental emissions under the
S

€Migs; . '
Missions increase almost 1.9 tHM°
: : increase of 1.6 times the
registers an
[RP scenaro

r .
Sference scenario, while the
r. In fact the

RET scenario itself reduces the

enyi o
Wironmental emissions of base yed
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environmental emissions by 9.4 million tonnes of CO, equivalent, when compared

with the reference scenario.
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4.4 COST BENEFIT ANALYSIS

The alternative scenarios are compared from an economic point of view
with the reference scenario in terms of the ratio between benefits and costs and
avoided cost of GHG emissions. Table 4.19 shows the summary of cost benefit
analysis of different scenarios. The total cost represents the net present value of the

total expenditures made in various DSM options under different scenarios. The costs

are discounted at 12 % interest rate and presented in present value. The benefits are

the avoided generation costs, expressed in present value (PV), and derived from the

comparison between the alternative scenarios and the reference scenario. Due to the

complexity involved in the evaluation of all costs and benefits in power generation,

only three important economic factors are considered: capital investment, operation

and maintenance, and fuel costs. The benefit cost ratio for the DSM, T&D and IRP
Scenarios are 2.3, 2.2 and 1.8, respectively. This represents that investing in DSM

eficial than investing in new capacity additions. In

:ti\’i[ies iS a]InOS[ fwo tiHlCS ben
(I Ca[lier tIlCIC iS no iIlVeSt t in M Opticns_
) men | )S

case of RET scenario as describe
de options, 1.¢. replacing conventional power

This scenario considers only supply si
er plants. The benefits in this case also

Plants by renewable energy based powW
uced fuel consumption. This also results

nclude avoided generation costs due 10 red
pital cost is higher due to higher unit

in reduced GHG emissions. Although the ca
. t the net benefits (avoided
duced running cos
Cost of thege lants, but due © *
power plants,
. 4 n.
8neration cost) work out to be Rs. 1.5 bilho
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The alternative scenarios also result in reduced GHG emissions. For
example, the emission savings in IRP scenario when compared with reference

scenario are of the order of 16.4 million tonnes of Carbon equivalent.

The reduction in GHG emissions and the cost of reducing them is shown in
Table 4.19. The cost of avoided GHG emissions is a ratio of net discounted GHG

emission savings to the net DSM expenditures in different sectors. Amongst all the

altenative scenarios considered in the present study, IRP scenario results in the

lowest cost of avoiding GHG emissions (Rs. 681.8/ tonnes of carbon equivalent),

followed by T&D and DSM scenarios having the costs as Rs. 1321.4/ tonnes of

Carbon equivalent, and Rs. 1,432/ tonnes of carbon equivalent, respectively.

The results of the present analysis have also been compared with other

Studies to check the consistency of the aﬂalysis. It has been observed that the results

r studies, for example, Reddy and Parikh (1997)

Match fairly well with othe
s Rs. 960/tonnes of carbon

' a
®limated the average cost of conserved carbon

sector 1n India. In the present study also the

€qQuivalent though DSM in industrial
ge of Rs. 681/tonnes of carbon

in the ran
Ot of conserved carbon was found t0 be I th

. i t.
“Quivalent to Rs, 1432/tonnes of carbon equivalen
ost-benefit-analysis based on the

| represent the ¢

Tables 4.20 and 4.2
The results of cost-benefit-analysis

diSCOLlnt rates of 10 % and 14 %, respcctively.
xample, the value of saved carbon

: ; . For €
are highly sensitive to the discount rate

quivalent to 795.5 million tonnes of

| rbon €
Creases from 681.8 million tonnes of ca

ased from 12 9% to 10 %. Similarly the

{ ecre
Carbon equVEiIerl[, lfthe discount ['ate 158 d

ount rates. For example, if the discount

vo; - the disc
Olded costs arc highly sensitive 10
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. i . s e e t.
rate is increased from 12 % to 14 %, the avoided cost of electricity generation

decreases from Rs. 16.4 billion to 14.3 billion.

; Gl
Table 4.19 Cumulative costs and benefits compared to reference scenario at 12 % discount rate

Scenarios

DSM RET T&D IRP

a. Costs (DSM programmes)

(Rs. billion) 38 0.0 0.0 3.8
1. Domestic

0.1 0.0 0.0 0.1
2. Commercial
0.5 0.0 0.0 0.5
3. Industrial LT& MT
0.1 0.0 0.0 0.1
4. Industrial HT
0.8 0.0 0.0 0.8
5. Agriculture
00 0.0 3.7 3.7
6. T&D
53 0.0 3.7 9.0
b. Total costs (1+2+3+4+5+0) '
(Rs. billion) . 24 15 80 164
C. Benefits (Avoided generatio '3 L
€0sts) (Rs. billion) - 71 1.5 : .
" otbenefi (e 0% e 2.3 NA 2.2 1.8
®. Benefit/Cost ratio (c/b) y oy 6.6 782

f.GHG savin
gs
(Million  tonnes ~ of ~ carbon

“Quivalent) 3.7 i

8 Discounted GHG savings hon
(Million  topnes  of  car

equivalent) 1’432.4

- Cost of saved carbon (g/_b) )
%‘5 of carbonM

2.8 13.2

NA 13214 6818
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Table 4.20 Cumulative costs and benefits compared to reference scenario at 10 % discount rate

Scenarios
DSM  RET T&D IRP
a. Costs (DSM programmes)
(Rs. billion)- 1 0 0 1
1. Domestic
0 0 0.1
2. Commercial 0
0.6 0 0 0.6
3. Industrial LT& MT
0.2 0 0 0.2
4. Industrial HT
4.3 0 4.3 4.3
5. Agriculture
0. T&D
6.2 0 4.3 10.5
b. Total costs (1+2+3+4+5+0)
(Rs. billion) 14.2 1.7 9.2 18.9

c. Benefits (Avoided generation

Costs) (Rs. Billion) . 8.0 1.4 4.9 8.4
d. Net benefits (c-b), (Rs. billion)

2.1 1.8
23 NA
€. Benefit/Cost ratio (c/b)
6.6 28.2
8.4 16.1
£ GHG savings
(million tonnes of  carbon )8 139
¢quivalent) 3.7 %2 .

g Discounted GHG savings -
(million  tonnes of &

€quivalent) 1.675.4

)

h. Cost of saved carbon (g{b) g
“-(Bfi/_tﬂmes of cmboW

NA  1,535.1 795.5
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Table 4.21 Cumulative costs and benefits compared to reference scenario at 14 % discount rate

T Scenarios
DSM RET T&D IRP
a. Costs (DSM programmes)
(Rs. billion)
0 :
I. Domestic 0.8 0 8
0 0 0.1
2. Commercial 0.1
0 0 0.5
3. Industrial LT& MT 0.5
0 0 0.1
4. Industrial HT 0.1
3.4 0 0 3.4
5. Agriculture
6. T&D 0.0 0 3.3 3.3
4.9 0 3.3 8.2
b. Total costs (1+2+3+4+5+0)
(Rs. billion) 10.9 1.3 7.0 14.3
C. Benefits (Avoided generation costs)
(Rs. billion) _ 6.0 1.3 3t 6.1
d. Net benefits (c-b), (Rs. billion)
9% 0.0 2.1 1.7
€. Benefit/Cost ratio (c/b)
o4 161 6.6 28.2
f. GHG savin '
. gs )
(million tonnes of carbon equivalent) 5.7 7.9 2.8 13.2

g Discounted GHG savings
(million tonnes of carbon €q
h. Cost of saved carbon (g/b)

-(-Rﬁ-_/_tgllnes of carbon M

ujvalent) 1324.3 NA 1178.5 621.2
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4.
SSUMMARY OF THE RESULTS

In: " ,
n all the alternative scenarios, the total cost (overall power syst
. _ em :
and DSM investment) is significantly lower than the referen o
E: ] ce scenari
which does not incorporate DSM in the planning. In spite of higher ¢ o
. _ apaci
requirements in RET scenario, the overall system planning cost for tl -
or the plam

period 1s lower, b i h
r, because the running costs of the renewable en
ergy based

power pl Wi ‘e ciomi
plants ( ind and ISCC) 1s SIgmﬁcantly lower than the co
nventional

candidate power plants.

DSM inv
‘estments are very small as com i
pared with total s
ystem plannin
g

costs. Thus a sm 1 1
all amount investment 1n DSM
can save a lot of ex i
penditure

on resource planning.
the DSM options considered is significantly

The cost of saved energy in all
ge cost of electricity. This shows that the

lower than the long range avera
¢ effective than investment made in new

investment in DSM 1is much mor

generating capacities.
onsidered, IRP scenario seems to be

Among all the alternative scenarios C

e and environment friendly.

highly cost effectiv
¢ and agriculture sectors can lead

ammes in domesti

Investment in DSM progr
ge number of consumers. The

g as they affect a lar

to substantial energy saving
programme in domestic sector

h lower for CFL

& ;
ost of saved energy 18 muc
culture sector.

and energy efficient pump programme in agri
The benefit-cost ratios are highest n cas€ of DSM Scenario. Further the
e sensitive.

benefit-cost ratios are discount rat
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~Chapter 5

MAJOR BARRIERS FOR DSM

IMPLEMENTATION IN RAJASTHAN
POWER SECTOR

S.1INTRODUCTION
There is no doubt that the savings pr ojected through varions D5M programumies if

chapter 4 are within achievable limits. But actual implementation of these programmes

ional, financial and information related barriers

has var: . : R
$ variety of technical, policy, institut

003; Kulczycka,2003). Successfully marketing and

V
(Verbruggen, 2003; Clinch, 2
quire the development of new skills

i 2 . eyt .
Mplementation of DSM in Indian utiliies will re
NeW institutional structures, new 1aws and regulations, NewW businesses, and whole new

a large barrier to DSM. One of the objectives of

in - :
dustries, The size of this task alon€ 13
rs in actual implementation of DSM

thi : , : -
his thesis was to study and identify various barrie
Programmes. This chapter ‘dentifies the major barriers through a series of in-depth
als of Rajasthan. Quitable policy measures are

intery: _ - ;
erviews with the top utility officl

Su )
8gested for removing these barriers:

5_2 M
ETHODOLOGY
extual understanding of the

as to obtain a cont

e of the study W
y was considered as an appropriate

Since the objectiv
in person surve

bary; .
Tiers for DSM implementatior
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method. For the purpose of this study, 20 top officials of various organizations were
selected as samples for data collection. Since the study is targeting key policy makers

therefore the judgmental sampling method was adopted while selecting sample. Experts

selected for interview were top management officials of RERC, Transco, Discoms,

Department of energy, Government of Rajasthan and some independent consultants in the

state. A list of the experts interviewed is enclosed in appendix-A

The semi-structured interview style was chosen because it allows the respondent

o speak in his or her own words on the topic of interest and allows the interviewer to

adapt the interview to capitalize on the special knowledge, experience or insights of

respondents. Because these individuals Were Jocated in different organizations, prior

ne or fax were taken (o conduct the interviews. The

4ppointments through telepho
ing June 2003. The interviews lasted for an average of one

'Nterviews were conducted dur
DSM implementation issues,

hour, The questions 1n interviews covered broadly the

Which are as follows.
¢ for implementing DSM programmes through existing

* What are the pros and con

utility framework?
r implemcnting DSM?

+ Are tariff reforms necessary f0
he current framework of the utility?

* Who should carryout IRP under {
il i nt DSM?
* What are the disincentives for utility t0 impleme

s in adopting DSM measures?

* What are the barriers for end user |
hould adopt to increase attractiveness of DSM
sho

* What mechanisms the regulatOFS

In utilities?
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programmes?

5.3 BARRIERS FOR DSM

I'S

related t - _
o the utility for promoting DSM programmes as well as the barriers related
ated to the

end users i .
in adopting the DSM measures. A brief discussion on the salient aspects of
s of the

responses gi ;
s given by the experts with respect t0 specific barriers is attempted i
In next

section.
Tab] .
e 5.1 Key Barriers for DSM implcmentation
e
ey Bajpioy
Y barrier Elements of Barrier

zed planning; 1o central agency to develop an

Lack :
of planning Lack of centrali
integrated resource plan at state level.

al mechanism; limited ESCOs market

institution
Jegal and regulatory provisions for utilities

Institiir
stitutional barriers ~ Lack of
ack of

development; 1

to work with E COs. . .
ive marketing expertise for of energy efficiency

Lack

expeno-f Lack of aggress Xpe! .

Ise technologies Jack both expertise 11 planning with utility and
mission.

regulatory com
Non scient: e :

N scientific Under—priced electricity tariffs; heavy subsidy to domestic and
| sectors:

SR cult
agriculturad
increase energy efficiency;

utilities 10
port DSM investments; fix rate

No incentives

La .
to Ei( of incentives
Hities traditional regulation does not sup
of electricity purch se price for Discoms
Lac ; . Y
infok of essential Lack of end-use information; absence of load resr;ar_ch activities;
Mation limited availability of informatiol on existing end-use
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Key Barrier

Elements of Barrier

Lgck of finances
with utility

Severe shortage of
capital

High price of
energy-efficient
“quipment

Mistrust between
consumers and

Utility

Perception of risk

Lack of access to capital; high cost of borrowing capital; limited
financial capital of potential customers; bias in financing for
large enterprises compared to smaller ones (as reflected in

interest rates).

Industries are facing severe capital shortages; many firms
operate only periodically due to lack of capital to purchase raw
materials; investments are made only in critical items.

y sensitive to first price; consumers buy

Consumers are extremel
lowest price irrespective of

whatever equipment has the
efficiency.

o not pay their electric bills; large debts;
lieve that a utility will have a sincere interest

r electricity bill.

Many consumers d
consumers do not be .
in helping them reduce thel

s risk; short-term view of investment (e.g.,

Technical and busines . m | .
d); risk that existing production processes

short paybacks require
may be affected.

L ——

3.3.1 Lack of Planning

The planning process of t
Performed at various agencie
Departmen; of Power, etc. Furthe
imp]emented from time to time by ¥
Electricity Authority (CEA), Ministry
TheI‘mal Power Corporation (NTPC)’
Discoms and Transco are responsible
imponam question is to what extent th

*houlg be the cost of secured qualit)’ powe

he electricity sector 1n Rajasthan is currently being

within the gtate like Genco, Transco, Discoms,
S

r. they are closely influenced by the policy measures

government of India like Central

arious agencies of

f Power as well as power producers like National
0

tc According 0 the current understanding, the
elc.

for secure supply today and in future. But one

y should be hold responsible for it, and what

r supply t0 (he consumers?
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The experts unanimously agreed that the major barrier in DSM implementation is
due to the deficiency in the planning system. Currently there is no central agency to
develop an integrated resource plan at state level. Under the current framework, utilities
are finding it very difficult to integrate the supplysside aud demand.side pptions

S' =Y = 3
Imultaneously through an integrated resource planning (IRP) approach. In current

s : s
tructure where the functions of the electricity industry have been unbundled into

Separate businesses, IRP can be undertaken in the natural monopoly elements of the

Industry, i.e. the Transco and Discoms. These utilities, while sourcing new supply
Options should evaluate the supply-side project’s roezitrelative fo demand-side options.

%32 Institutional Barriers

Discoms are seen as a natural choice t0 implement DSM, as they have advantage
Of consumer contact, established consumer relations, a billing system and a delivery
ese Discoms do not have any institutional

Capabilite i
dpability within the state. But, currently th

Mechanism who can take up the task for implementing the DSM programmes. Some
limited resources and expertise to take up

Discoms have recently formed a DSM cell with
re unable to handle the large scale DSM

th " .
°Dsm promotional activities. But still they a
f developing private sector capabilities

I ;
b ngammes, Experts en‘lphaslzed on the need (0]
ss requires performance contracting, a

th _
Tough ESCO market development ESCO busine
yet not familiar. In case of utility

Co . ) g are
NCept with which utility and consumer

gM  programmes wit
be required; for bills. Utilities may not

h ESCOs, new institutional

iny
Olvement in promotion of D
AT . ions will
fgements, practices and legal provis! | |
was also recognized that private sector

be vy ats. It
Willing to participate in such arrangemet
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development would not occur naturally, and a market that is conducive to DSM should be

created first by the Discoms.

3.3.3 Lack of Expertise

Restructuring in Rajasthan power sector has resulted in new organizations that are

acting, in part, in new capacities. The newly formed Discoms bear responsibility for

improvimg the end-use efficiency of their consumers. DSM cells have been created in

these Discoms for this purpose. These DSM Cells lack both expertise as well as the

Manpower required to kick start a DSM activity. Marketing of energy efficiency
#ppliances as a part of DSM activity s a new concept for these DSM cells. Since the
ith the consumer, Was alien to traditional SEB

Philosophy of DSM, namely working W
Is to be educated in the areas of customer

Culture, an urgent need exists for the DSM cel

‘ontacts, end-use technologies and expanding their perspectives {0 system seals rellrey
A rapid progress can be made on both fronts, if

t . G
han their narrow job descriptions.
dustries could be hired. The

Iti : _oriented in
“ditional staff with experience in customer-orient
ies for field exercises.

" i i it
trammg should be focused and persistent with opportun
¢f also needs DSM oriented training and expertise.

Regulatory commission’s st
gulatory commission expressed his

' e re
This was evident when one of the member of
of Rajasthan power system, there was no scope
rve

Opin;
Piion that with almost a flat load ¢t o
cen achieved by limiting the power

: had b
DS, while it is the fact that flat load curve
annot be considered as regular DSM

sy o that €
PPly to agriculturists and load shedding

energy conservation through DSM s still
d curve

n]e
ASures, Further even with flat loa

feasib[e'
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day o , . .
y or day of the year. The fixity of the price erases any incentive for Discoms to be alert

for building strategic load shape under the principles of DSM.

When we argued that, when the Discoms are not able to recover their costs fully

d ’ ; ; ’
s average cost of supply 1s higher than average tariff. DSM can provide a means for

Mmitioat] s ) ;
itigating that loss. The utility officials told that, mn case of subsidized consumers

may save their subsidized amount, but the

(Agriculture and Domestic) promoting DSM

saved electricity will go again to the subSidiZed consumers only rather than diverting it
r revenues. This leads to a net loss to

to e . .
non subsidized consumers and generating highe

utility in terms of expenses made against the DSM promotion activities.

Experts noted that short-term profit considerations motivates utility managers to
increase sales, conservation poses @ threat of revenue erosion, which in turn threatens
eamings, For example there is 2 fairly good savings potential exists in industrial sector
through different DSM measures: Funding for these projects can easily be made

ernis of tri party agreements or equipments

avail. coogl 1
ailable through financial institutions in t
tility to reduce consumption by industrial

leas; .
Sing, etc. There are little incent1ves to u

Cong i ) : IS.
umers who are their best payin& consume

5.3 |
6 Lack of Essential Informatio®
nts significant challenges for managing a

ype of end-use information

lar ;
8¢ Volume of end-use informati _ .
.- DSM programme. The first 18 the information
ive

iS e s
Ssential for structuring a ¢OSt effect | .
ond is the time patterns

se by customers and the s€C€

hese data is customer

0N ey ies: .

X .

ISting end-use technologl€s inu —
for updating

s. The usual proces®

of
®Nergy yse called load shape
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surveys and isti
load research on statistical samples. Both databases need to b
o be built, b
frankly, the : o
y, the cost and time commitments would be significant

Because '
¢ of the very low level ofcon1putcr12ati011 within the utilities, handlin d
| ) gan
compilatio
n of the end-use data for DSM programmes formulation will be very difficult
1cu
It is rec |
0 o ] i
mmended that part of the budget for 1mplcmcnting the pilot DSM project b
g c

devoted

to the purchase of computers and software for better document and record
s

Management.

5.3.7 Lack of Finances for Utilities

Poor financial conditions of the Discoms do not allow them to make investments
n large scale DSM programmes. In most cases, financial institutions prefer to lend based
On balance sheet financing. It means that either the utilities should have strong balance
Sheet, or its client where it intends to put @ DSM measure. As a result, utilities find it
f credit history, utilities are treated as a

diffy .
cult to raise finances. Further, due to @ lack 0

irements, which utilities are unable to

hi i
8h credit risk. This leads to high collateral requ
griculture sector, the agriculture

Provide SM potentia exists in
provide even the seced money to take

1dition and cannot

Cong
un i

1ers have poor financial col
se programimes is arranged through

" .
11 size of the individual project, the

ment. Being sma

ESCo. :
Os in terms of tri party arrang®
t of the project and do not like to

ﬁna : ’ I
ncial institutions find very high transaction o

ﬁnance them.
While asking the easibility to get financing of a DSM project through ESCOs,
ions prefer to lend based on balance

9¢
perts told that, in most cases;
trong balance sheet, or its client.

She
tof ESCO. [t means that either ESCO should have S
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As a result

b ESC 1 i
| Os find 1t dlffiCUlt to raise finances. Since ESCO indu y n
'lni[iﬂ[ stagces in I : : | 3 iS Stlll |

dy ndia, this has been am I 1 W

5 ajor barrier to the gro th
I'T of ESCO industry i
ry itself.

DL!C [0 a Ir'lC] i

collateral i
requirements, which ESCOs are unable to provide

A .
8 Severe Shortage of Capital

Ihe ex B 1 ]
erts 1n th y fl‘OIIl lndustry Slde llldicatcd that Illost Of Riljil tl
P e surve S 1an'S

le and cement based industries, which are facing severe i
capital

periodically due to lack of capital to

In i
dustries are marb

S

hortages, so severe that many Operate only
u

Purchase raw materials. In addition, the investment needs in aged, out-of-date industrial

as are the pressurcs just to stay viable. The industrial

» d told that for many industries investments are made only in

ftical items. Experts in the survey :dentified lack of capital as the primary barrier to

e experts in the survey

equi
pments are enormous,

cop
1sultants interviewe

told that most of the

fnsta“i“g DSM measures. Many of th
ndustries are willing to make improvements in end-use efficiency, but lack of capital is
he major barrier which hinders them in opting for encrg
4] have to b€ 3 cen

Clear
ly, upfront financial assistance wil

y efficiency improvements.

tral component in any DSM

Pro T -
gramme initiated in Rajasthan:

5 3.9

High Price of Energy-Eff-C'e“t Equipmellt
he high prices
plamed that equipment buyers are

for energy—efﬁcient equipment as a

A number of expe
nts. They ©X

Owest-priced piece of equipment even

Signif

1 i

cant barrier to DSM investme
Choose the ]

CXtre
n] o *
ely sensitive to first price: they
e will be much chea
per

Whe
n
they know that the more efficient

0 g
Perate and in general wil
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This price relationship between efficient and inefficient equipment is due in part
to the fact that most energy efficient equipments are not locally made. The experts said

that even though they recognized superior efficiency and technology in the branded

equipment, they would buy whatever had the lowest price.

One solution to this problem is for the utility to defray part of the cost of DSM

measures by providing financial incentives or financing for its customers. The costs to

provide financing, however, can be fully recovered through shared savings contracts,

With the individual customers benefiting from the financing rather then belng résovered

from all rate payers, and thus avoiding cross subsidies. To encourage the highest level of

Participation, at least some portion of the incentives will need to be provided up front
or in some way reduce the first cost of the energy

father then after installation is verified
is for the private sector (ESCOs) to offer financing

Hficient equipment. Another solution
et Rt
tha i paid back through shared savings in the custqmers utility bills.

3:3.10 Mistrust Between Consumers and Utility

e economic slowdown, many companies found

In recent years, due to seV€l
n up large debts with the

Jectric bills, and consequently ra

themselves unable to pay their €
ed bad feelings between

' .+ ents have creat
Clectric utility. In addition, mandatory curtailm
mistrust between consumers and utility that

the utility and some of their customers: This -
providing customer

w they aré interested in

. - 0
st Might be overcome 0Nce the utility sh ;
r understanding of the

i tte
: o ce there 18 @ be
*vice in addition to selling electricity and on

s simply don

ot believe that company in the business

be
efits of DSM. Some customer | ‘ |
ave a sincere interest in helping them to

" 1d h
Ofproﬁ““g from the sale of clectnclty wou
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reduce thej ‘ s g .
1eir electricity bill. Once they understand, most participants will be willing t
ng to

ccept assistance from their utility.

Perhaps the best way around this barrier is for the utility to quickly build a

positive worki _ _ ' .
ve working relationship with their key customers. Once customers see that the

Ullll it Seags L . . .
ty is interested in a business partnership, and they have a chance to learn more about

the rati
1€ rationale and benefits of DSM, they may choose to participate.

3.3.11 Perception of Risk

Consumers do not have experience with proven cost effective DSM technologies.
As a result they perceive these technologies to be unreliable, particularly if they have not
are reluctant to adopt new, innovative technologies

ins
talled the measure. Further they
sruption in routine caused

d . . :
Ue 10 their performance uncertainties and fear for a possible di
(Parikh et al., 1996b; Khanna and

b 1 .
¥ the implementation of energy efficiency measures
providcd to consumers through pilot

7
berman, 1999). Technical support MaY be
d build confidence in terms of reliability

den
1 . _ _ _
Onstration projects to gain experience an

and .
Performance of these technologles:
M POLICY MEASURES TO OVERCOME THE BARRIERS
It should be made mandatory for Discoms 0 Jevelop their own DSM plans so that
ge of potential suppliers (e.g. Independent Power

] sector suppliers such as National

they could trade with a wide ran
Centra
Hydro power Co

resources (savings through

P ;
Toducers, Generation Companics,
rporation, etc.) and

well as dev
on) through 2

t ' ’ ti
"ansmission and distribution Joss reduc

J present a8 ount of energy and power to be
uld pr

elop their own

e
Onsumers (through DSM) 25 .
Jeast cost planning approach.

A 5 .
ccordlng to this idea Discoms sho
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purchased by Transco, at a reasonably acceptable price. Of course it should be the
starting point for negotiations and reassessments of Discoms position, but behind
that proposal a full internal analysis using integrated resource planning should be
done, with different alternatives for trade with Genco and other suppliers as well. In

such a scenario the role of generating companies will be limited and they have to

provide electricity at competitive rates.

Present tariff does not provide appropriate signals to consumer for shifting towards
conservation. The subsidized rates also lead for inefficient usage of electricity by

these consumers. Until the subsidy is removed it is very difficult to promote DSM in

these consumers. There is a necessity of tariff reforms to improve prospects of DSM.

peak periods, there is no enthusiasm

Without differential tariff between peak and off-
for Discoms for implementing DSM measures. The unfortunate situation gets worse.

While Transco does face the market price variations, they have none of the
M, they ar€ arms-length removed from retail

Qualifications for implcmenting DS
stomers.

Customers, Discoms being their only ¢t
e with proven cost effective energy-saving

Consumers do not have enough experienc
ve energy efficiency technologies to be

Measures. As a result the end-users percel
ed the measure. Further the end-users

Unreliabe, particularly if they have not install

innovative technologics due to their performance
in

ar
© reluctant to adopt new
in routine caused by the

; isruption
Uncertainties and fear for 2 possible disrupt!
| s a need to develop pilot
"Mplementation of energy efficiency measurcs: There 1
umers in terms of reliability and

, of cons
demthtratioﬂ projects to build confidence

ies.
perfOrmance of energy efficiency teChnOlogl
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In order to finance the EE and DSM activities, a dedicated fund may be raised
through a special levy for DSM applied on consumers of electricity per unit of

electricity sold. Furthermore, the administration of the funds can be made by utility

with regulatory oversight.
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_Ehapter 6

\ DSM IMPLEMENTATION:
STRATEGIES

6.

DSM i
implementation 1
involves the use of appropriate instituti
itutional fram
ework for

Market
penetration of € i
nergy efficient technologies Didden and Willi
' iams (2003) classif;
¥

these
framey
NVOrIrK 1 i . i p
rks in to two categories: (i) artificial DSM framework, (ii) natural D
’ ral DSM
s created by regulatory commission b
Yy

frame
W0
rk. The artificial DSM framework i

jeve certain level of savings through DSM

Making :

King it mandato gl
ry for the utilities to ach

he utility as @ part O

¢ responsibility is given to such an

f their integrated resource

TheSe
D
SM targets are specified by !

plainm
1
g (IRP). Under the natural DSM framewwk th

al interest in implementing DSM. Thi
. S

ts own commerci

aCIOr (e
8. ESCOs) which has i
1. The financial imp

lications to the utility

Cha

Pter d;

Iscusses both possibilities in detai
e described througl

the most common structures of

1 a quantitative analysis of

Un

h o he artificial DSM framework ar
Ypothetical DSM programmes- The analysis attempts
ertically integrated electricity utility and completely
dentities in gener

eting of energy efficiency

Clecty:
unburicuy supply industry namely @V
dj Ndled electricity utility having separate i ation, transmission and
I8trihy s

le i, As DSM implcmentation involves mark
ologies ang programmes, there i a need £ an appropriate institutional framework
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that has ¢ -
he capability to encourage customer participation. This chapter also discus
ses

the d B el
Possible institutional arrangements for DSM implementation. Following are the k
€ Key

[I .
Ssues addressed for implementing DSM.
What are the roles of different actors in implementing DSM under the current

utility framework?

What are the incentives and disincentives for energy companies in implementing

DSM?

What are the possible institutional arrangements for implementing DSM?

6.
2 ARTIFICIAL DSM FRAMEWORK

Under the artificial DSM framework, regulators put obligation for utility to
). The regulators require utility to achieve

Perform certain level of DSM (Eyre, 1998

Shergy efficiency goals (e.g., a minimum amount of CFLs per household) after a certain
ammes it will implement

Period of time. It is the utility’s responsibility Wich DSM. progy
standards the utility could be

to . .
dchicve these standards. If they do not achieve the
cense could be withdrawn. The main

fi . | |
nancla”Y penalized, or even worse, their supply i
and evaluation cost. As utility bears the

dis | |
advamage of this system is the hlgh monltor
costs, they can implement DSM under this

"Spong;
111 3 » . . . S
Hsibility for minimizing their consumer
s on how broadly the

esponsibiiities depend

fra

]'n ayqe ?

tWork. The scope of the utility s DSMr
er’s costs. At a minimum,

qinimize its consuIm

1
M that minimises the cost of

egu] .
Alors define the utility’s obligation t0

u . vest in DS
a 5 d inves
tors may require utilities to plan an

Clog
trig;
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I : : g
n next subsections the applicability of DSM/IRP for each of the different entiti
ities:

Generatj St

dl10 ’ ey . L e . . 5

n Utility, Transmission Utility, Distribution Utility, and The State Govern
srnment

are discussed.

6.2 i
-1 Generation Utility (Genco)

* It will be very difficult for the generating utilities to integrate the long-term supply-

6.2, ,
2 Transmission Utility (Transco)

side and demand-side plans simultaneously under an IRP framework, especially in a

situation when generation is owned by state and central power generating companies
Currently, there is no central agency to develop an integrated resource plan at state

level.
The regulators can play an important role in compelling the generators to evaluate

ct's merit relative to demand-side options.

the supply-side proje

works will remain a monopoly, there are

he transmission net

Due to the fact that t
r the IRP framework through Transco.

opportunities for implementing DSM unde
Transco takes a crucial position on the whip for balancing the various options of
an [RP-plan.

Transco may be dire cted by appropriate regulations for taking this additional task
new supply options.

of promoting DSM while sourcing
 ated bY the Transco through a nation-wide
inl

DSM programmes can be
M can be recovered via the

hemes and t
gulatory mech

he cost Of DS

Competitive tendering S°€
anisms.

: re
transmission charges of some othef
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* Syster ' : - :
ystem boundaries are an important issue in restructured electricity markets. F
. For

ex : Bt
ample, the Indian electricity market has state level transmission utility to trad
e

f‘ = . e . e
or electricity from state and central sector electricity generating companies

6. S
2.3 Distribution Utility (Discom)

° 2 o . . .
The Discom can be an important vehicle for introducing DSM programmes. This

will also avoid their distribution system capacity upgrades.

* It is possible for Discoms to provide a standardised DSM programme, but it is

unlikely that Discoms could aggressively promote market transformation
strategies which include development of energy efficiency standards and codes,

etc.

6.2
4 State Government
DSM under the [RP framework through state

The state governments can perform
n with the electricity companies.

Planning commission in co-operatio
sis on the target of increasing economic

L]
The government can put more empha
ocial goals, e.g.,

efﬁciency through DSM, and with wider environmental and s

CO ;
2 reduction.
nmental and social

[RP, where the enviro

This may only make full sense of
ideration. But, in case of Rajasthan the

aken into cons
h could aggressively

Objectives have also been t
ntral agency whic

ce
State government does not have any

Perform this task.

6.3
ve the responsibility for

N
ATURAL psM FRAMEWORK
ework 18 to 8!

The £ & ]
ma 1atura . : =
in idea of a1 1] have 1O financial losses if electricity

enEr
8Y effie; '
fficiency improvement 10 87 ent
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CO”SU[HIJU-O 1 I ff
nis CdUCCd 1 4 i €I1erl e
i SUCh entity can be elther the maI]UfﬁCturerS Of gy Cc ency
GQUI.DI'[](:‘I]I er rvice c danile ES(: I ffl 1
S Or en i ‘
"}" S IcCe Omp 111€8 ( OS) WlliCh can P OV.d
[+ 1ae energy c lC'
5 ICI]C}’

Services using rket-
mark . [h
g arket-based mechanisms such as performance
Contracting 1
. IS

framew
ork has alread ied i
y been tried in Ahemdabad Electrici E
ity Company (AEC) i :
in Gujarat

(Weisbro
ad
et al., 1998). There are two basic models under which the ESCOs perf
orm the

DSM
progran o o i
grammes. This includes the shared savings contract and the guaranteed savi
savings

Contract.

6.3.1
Guaranteed Savings Contract
Ut i i
wer this guaranteed savings contract the ESCO installs an energy efficient
n

Measyr
¢ ar i iaie : i
d takes full responsibility for its proper functioning. The customer enters into

Separate
agreements for energy services and for financing. Typically the ESCO arrange

agreement. The ESCO and the customer enter

finang;
Cingy o

g but is not a party to the finance
t" whereby the ESCO provides

"energy SErvices agreemen

imo
a tuml
rmkey contract or
such as operations, maintenance,

e”gine :

e : ;
fng, equipment installation, and other services
offered by ESCO for a guaranteed

a d &
8 verification. PGI'IOIIIIB.I]CC guaran €
ent, COVEIS the C].lStOI'I’lCI"S obligati0n

Sav;
VIngS. The )
second agreement, 8 financing agreem
y fixed and unconditional; it 1s not

to

Pay | |
for the project's initial costs: It is typicall
ergy cost savings. The ESCO is paid

Cont
Inge
Sent on or subject to offset pased on actual en

Yth : .
€ savings due to the installed eqmpmﬁnt-

6.3
\ .2 S[
lar g
red-Savings Contracts
avings are verified periodically (e.g.,

s contrach 8
o ESCO is based on the

U
Nder the shared saving
d the payl‘llﬁﬂt t

m()l][h SCO
€ E
ity for minima] hours of

Y,

B Quarterly, annually) by th
[$ l ! |

) J-user beal the respons:bll

S .
Vings from project. The en
127



Operation and minimum energy load levels of their plant. The ESCO remains responsible

or project performance, including any on-going equipment servicing, maintenance and

monitoring functions. The ESCO receives the payments through utility for verificd,

delivered kW and kWh energy savings, typica

Ily over a 7 to 10 year term.

The problems faced by such contracts are as follows:

An ESCO must at least recover the costs of its audi, which may not be the case with

Small customers.
st and most efficient equipment. Indeed,

ESCOs may not always install the newe
for the maintenance and proper operation of the

because the ESCOs are responsible
has reached a certain

installed equipment they may only install equipment that
technological maturity and which they are familiar with.

Because the ESCO industry is still under the Jeveloping phase, governments have to
Play an active role to stimulate their activities.

6,
4FINANCIAL IMPLICATIONS OF pSM
rform DSM is the possibility of

lnCI‘

Cased profits. Therefore, the
p , .
Ursye them, is to be analysed. This section anal
i

Wity
g DSM programmes. The fin

In

C

b]

: ility to pe
The strongest economic rationale for 3 utility to P i |
f DSM activities on the utility, which

financial impact ©
yse the short run and long run financial

well as @ completely unbundled electricity
s

Pact of DSM on a vertically integrated 2
ancial

y implementin

ave following components.

Consider an electricity utilit

Pacy tility will b
°fDSM programmes 01 L DSM programme,

jementing the

t supplys
e benefit of avoided costs for energy SPP
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L, the lost revenues due to reduced kWh sales;

R, additional revenues, c.g. payments for encrgy efficiency services from customers, or

Payments for DSM programme implementation from a dedicated EE&DSM Funds;

L-B are the net lost revenues duc to reduced kWh sales as an effect of the DSM for the

CUstomers (i.e. the lost margin that would have been generated by selling instead of

saving the kWh).
The lost revenues L are dependent on the consumer class concerned, and on the

Clectricity prices to this consumer class.
anies and different DSM

The avoided costs B are different for different energy comp

Programmes which are promoted.
erms of profit or loss due to DSM

the financial impact on electricity utility in t
elp of following equations.

ir _ ;
"Plementation can be expressed with the h

DSM
B +R>C +L (ie., the utility makes aproﬂt out of )

SM)?
B+ R < C+1. (l e., the utility faces a loss out of D )

n different encrey companies, the basic

! 0
" order 1o quantify financial impact of DSM

ated as follows (hypothetical values, but
m

M : " sti
ket prices and costs of clectricity art e

bag |
tdon typical Indian conditions):

Wholesale peak power 0 /kWh
' Wholesale partial peak price t0 Discoms Rs. .
' Wholesale off peak price to Discoms Rs. 1.25 /k
" Toinenisston dharass 6 0.25/ kWh sumers Rs. 0.5 /kWh

stic conl
to dom®
Variable distribution costs: losses

. . es to
Variable distribution costs 10%°

0.75 /kWh
; consumers RS:
agﬂculture
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\i'l]i 1
< blC dlSt l 1
I]b tion 2
u costs: IOSSCS to Cornn'lchiﬂl und industriul cons
a umers RS.

0.25 /kWh

Price
af.e ici i
lectricity to domestic consumers. Rs. 3.0/ kWh

fCIC -icl 1 1 S

Rs. 0.75/kWh

Pric
5 . .
f electricity to agriculture consumers.

Avol ;
voided capacity charges Rs. 0.75/kWh
Avoi .y

voided transmission network upgrades Rs. 0.05 /kWh
rades Rs. 0.10 /kWh

Avoided distri
voided distribution network upg
ancial impacts of DSM programmes in different

The se the fin
ne 4 1
xt sub-sections analyse t 1

Consum
& ;  en gt
I categories performed by the electricity utilitie

long-
g-term point of view.
mand Shortage

6.4 1
1 Sh

ort-term View with Peak De
ancial impact of a DSM programme

The :
short-term view 18 used to analyse the fin
on th

e utilj : i
ty. It can examine whether tO implement OF not the programme The short-term
es is mOre relevant, a5 it considers the economic

Pers

pect]

tive on net lost revenu
f electricity industry

Two different types ©

distribution utility

Altract
iveness of DSM for the utility-
(Discom) purchasing

§t
. namely unbundled electricity
ntegrated electri

electricl-ty f ' .
rom power pool and a vertically 1
k and its OWIl distribution network are

smission networ.

DW

Cone;
nsid
ered for the analysis.
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6.4.1.1 Example: Discom buying from the power pool

The net lost revenues for Discom can be expressed by following equation:

] . .
Net lost revenues = lost revenues — (avoided) short-term marginal costs (cost of

electricity from the power pool + transmission fee + variable distribution costs: losses)

The net lost revenues to Discom will depend on the consumer class concerned,

and on the electricity prices to this consumer class. Table 6.1, 6.2 and 6.3 shows the

DSM programmes in  domestic,

financiq] implications of  hypothetical

mdustria]/commercia], and agriculture consumers respectively.
d by Discom in domestic

Table ¢, Effect of a hypothetical DSM p-rogramme offere

Sector: Short-term view with peak demand shortage

Co\ Rs./kWh
Stcomponent 3.50
/ .
LOS[ rchnueS 3 OO
o .
Yoided cost of electricity from power ponl 0.25
0.50

T .
ransmlssion fee

Var: .
dMiable distribution costs: losses -
3 QS e 0.25

me offer
Tap), 6.2 Effect of a hypothetical DSM program
peak demand shortage

“Mmer; iew with
1al sector: Shon-temifi//—— Rs./kWh
4.50

Co
omponent
3.00

ed by Discom in industrial/

C

0

}&/

Sty Cvenuyeg
0.25

Vo3
tded cogy of power purchases
0.25

Ta ;
drg : 1.00
N ble distribution costs: 10SS€S

|
0t Fevenyes
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Tabl ; :
e 6.3 Effect of a hypothetical DSM programme offered by Discom in agricultur
e

sector: : .
tor: Short-term view with peak demand shortage

monenr
Lost revenues a
Avoided cost of powe 1 &
Transmission fi S s
) 0.25
Variable distribution costs: losses o
-3.25

\
Net lost revenues

omestic sector will lead to a net profit of Rs. 0.25/kWh to

DSM programmes in d
amme cost as Rs. 1.0/kWh and

the 1;
¢ Discom (Tab]e 6.1). If one considers the DSM progr
gramme, the net profit would be Rs. -

the p;
Discom share the 50% of the cost of the pro
ctricity is further sold to industrial or domestic

0.25/.
kwh (loss). But, if the saved ele

Se .
clors, this will further lead to overall profits to the Disconl.
(Rs. 1.0/kWh) are experienced by

Typica“)/, the highest net revenues 108S€S

Oatjy, o , mercial sectors (Table 6.2). Assuming
& DSM programmes in industrial and com
the net revenues loss to

SSC ' m
D R /kw t of DSM proglamme incurred to the Disco
| icit is divertcd to domestic or
a f the savcd electricl Yy
to Rs. I.S/RWII. I
Iectricity, the losses to the Discom

agn' ;
ey . dised €
Iture sector, which are getting subsidis
It .
her INcreage,
umers will be highly beneficial to the
e cons

Implement: o agricultur
enting DSM 1n 25 he Discom (Table 6.3). Assuming

5, 3.25/kWhto!

m. ]t | fR
eads to a net profits © J the Discom, the net profit becomes

Rs
0.5,
kwn as cost of DSM Progfamm | or domestic sector, the

Rg ted 10 industria

$ 2, e diver
75/kWh If the Saved electrlclty 1S dlvc

Dl‘gf-
Ifs .
*IDiscom will further increas®
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6.4.1.2 Example: Vertically integrated electricity utility

In case of a vertically integrated utility, the generation, transmission and
Istribution portfolios are held with a single electricity utility. This is a common structure

i ” :
I states where the restructuring of state electricity boards has not yet been carried out.

The net Jost revenues for such utility can be expressed by following equation:

! ) -
I\et lost revenues = Jlost revenues - (aVOIdEd) short-term marglnal costs (fllel

®penditures + variable distribution costs: 10sses).
Table 6.4, 6.5 and 6.6 shows the financial implications of hypothetical DSM programmes

i . : :
1 domesnc, industrial/commercial, and agriculture consumers respectively.

P Rs./EWh

e
05t copy
ponent
Lo en // 3.50

2.00
0.50

Variah1. +-
WU“O“ costs:losses __—— 1.00
Mues S

mme offered by 2 vert

ically integrated

T _
able ¢ 5 Effect of a hypothetical DSM progra
orm view with pe

tility ;. : Short-t
lty In lndustrial/ CommerCia] Sector' Short R /kWh
S.
CO\ ‘/,/f
T
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2.00

St reVeHUeS
0.25

ak demand shortage
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1% Yded fug] ¢t
dn .
N Ole distribution costs: 105568 2.25
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Table ¢ .
.6 Effect of a hypothetical DSM programme offered by a vertically integrated
ate

utility i -
Y in agriculture sector: Short-term view with peak demand shortage

-___—-—_
Cost component
: Rs./kWh
0st revenues
- 0.75
Voided fue] cost
e 2.00
able distribution costs: losses 0.75
-2.00

N
et lost revenues

Implementing DSM programmes in domestic consumers will lead to net lost

r . . aqs
Venues of Rs. 1.0/kWh to the vertically integrated electricity utility (Table 6.4). If
/kWh and the utility shares 50% of the

CONsidar:
Sidering the DSM programme cost a5 Rs. 1.0
further increases to Rs. 1.5/kWh. But, if the

Cost
of the programme, the net lost revenues
this may lead to a profitable situation for

Saved . . .
| CICC“"CH}’ is diverted to industrial sector,

the
electric;
ICIty company
ial/ commercial consumers may accrue

Implementing DSM programmes in Industr
These are their high

hi s
Ighest Nt revenue losses of Rs. 2.25/kWhto the utility (Table 6.5).
ed through electricity sales

st revenue is generat

Payiy, .
& consumers for the utility and highe
h as cost of DSM programme

ing Rs. OS/kW

er increases to Rs. 2.75/kWh. As

to thi
1
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nue loss furth

and commercial cons

r agriculture consumers,

iflcu
Ite
d to the utility, the net reve
umers, it is quite

Cuf‘re . ]
n . i : ria
ty there is no load shedding to indust

rted to dome

e clectricity company further

stic 0

ible that (he sayed clectricity may ¢ 4%
the losses to th

Whic :

N are getting subsidized electio”

111Cre&ses

. 1] lead to net profits of Rs.
Imple : 0oa riculture Consumers "

2'0/]( menting DSM 1 g Rs. 0 5/kWh as cost of DSM programme
suming =7
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. 1. If thc Sa cd ici S

diverted to
to industrial 1 rther lead to ov
or domestic consumers, this wi overa
, this will further lead
m“i[y‘ t erall profits to the

6.4.2 .
ong-term View with Need for New Capacity

The " .
long-term perspective is the one taken by the society and used, e.g., in th
» M5 €

lO[aI re
sour . i ;
ce cost test, which is one important cost-benefit test for DSM programmes

USed das i
a tool to decide whether DSM programmes are cost-effective and should be

ent ) .
ed or not from the perspective of society. The cost of avoiding the environment

Pollutig
n through DSM has not been considered in this analysis.

6.4 2
2.1 Fv _
Example: Discom buying from the power pool
Under the long-term perspective, if a Discom implements DSM programmes, the
osts, avoided transmission fee,

ben
efits ara : -
S are in the form of avoided marginal electricity ¢
a\/()l'd
€ . . . v .
d distribution losses, and avoided distribution network upgrades. The net lost
quation:

reven

Ty s 5. .
€S In this case can be expressed by following €
term marginal costs (cost of electric

! ]05
Lrevenues = Jost revenues — (avoided) long’

d digtpit e
distribution network upgradeS)
ypothetical DSM

Table 6.7. 6.8 and 6.9 show the financial implications of h
onsumers respectively.

DI‘Q
&r : '
Mmes in domesti ¢, industri al/commerc:lal, and agriculture

gramme offered by Discom in domestic

Ty,
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6.7 Effect of a hypothetical DSM pro
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Ong-term view with need for new capaclty
o /// Rs./kWh
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5t o
0
Mponent
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OSt r

Co Venyeg
St of
W from pOM
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Cost component
Rs./kWh

Transmission fee
Variable distribution costs: losses 0
Avoided distribution network upgrades i
0.10
-0.35

]
Net lost revenues
~-'_'_'—-—___

Tab]
€ 6.8 Effect of a hypothetical DSM programme offered by Discom in industrial/

Commercj
I X . " .
cial sector: Long-term view with need for new capacity

F v -
: St component Rs./kWh
Ostrevenyes 4.50

Cost - '

. of electricity from power pool 3.00
"Ansmission fee 0.25

Vari e |

A 1able distribution costs: losses 0.25
Vol P

3 lded distribution network upgrades 0.10

e

“tlost revenyes o9

T . ; :
able ¢ g Effect of a hypothetical DSM programme offered by Discom in agriculture

Secmr: Lo . it
ng-term view with need for new capact y
Rs./kWh

S

C\
OS( compolle”;
L e 0.75
3.00

0
St revenues

Ost of
electrici
g, ricity from power pool 0.25
ission fee 0.75
0.10

Wapje 4 . .

A"o'd ¢ distribution costs: losses

ided 1 . .

Netl d distribution network upgrades =
0

ers will lead to 3 net profit

Implementing DSM prOgrammes in
(Table 6.7), 1f on® consider
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T , :
Net lost revenues = lost revenues — (avoided) long-term marginal costs (fuel expenditures

* capacity costs + variable T&D costs: losses + avoided transmission network upgrades +

avoided distribution network upgrades)

Table 6.10, 6.11 and 6.12 shows the financial implications of hypothetical DSM
Programmes in domestic, industrial/commercial, and agriculture consumers respectively.

Table 6.10 Effect of a hypothetical DSM programme offered by vertically integrated

utility in domestic sector: Long-term view with need for new capacity
?_____; Rs./kWh
OSt component
Logt revenues -
Fuel expenditures s
CaPaCity COsts ((:Z(S)
vaﬁable distribution costs: losses 0:05
Avoideq transmission network upgrades 0.10

Avo; .

Voided distribution network upgrades 0.15
N
etl()S\“‘ff"enues e ——

gramme offered by vertically integrated

Table 6.11 Effect of a h},pothetical DSM pro

. ty
' th need for new capacl
erm view W1
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a A
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I(ible 6.]2 ]Ef . 0 by Ve y T]
I‘CCI Of a hYpO[hCUCElI DSM pI' gl‘amme Offeled nica“ lnte d
& alC

d( il ]

—_—
Cost component
Lost revenues o
Fuel expenditures o
Capacity costs v
Variable distribution costs: losses g;ij
Avoided transmission network upgrades 0.05
Avoided distribution '
network upgrades -
-2.90

lT
Net los revenues

Implementing DSM programmes  in domestic consumers will lead to net lost

o the vertically integrated electricity utility (Table 6.10). If

re
Yenue of Rs. 0.15/kWh t
) and the utility share the 50% of the

Considear:
*idering the DSM programme cost as Rs. 1.0/kWI

Co . :
SLof the programme, the net lost revenue further increases to Rs. 0.65/kWh. But, if the
table situation for the

Save ) .
d electncity is further sold to industrial, this may lead to a profl

Uti“ty_
t revenue losses of Rs. 1.35/kWh

The utility in long-term may accruc highest ne
ble 6.11).

d commercial consumers (Ta

by

floayj .

"dling DSM programmes 1 industrial an
ility, the net revenue

Assyr: | t
SUming Rs. 0.5/kWh as cost of DSM programme incurred to the

IOSS aq"
fllrther increases to Rs. 1.85/kWh for the utility-
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verted to industrial or domestic consumers, this will further lead to overall profits to the

utility.,

6.4.3 Implication of Quantitative Analysis

L.

o

Typically the results are better for Discoms than for vertically integrated
Companies, particularly, if the short-term perspective 1s relevant. The highest net

lost revenue is experienced by vertically integrated utility, particularly in the short-

term perspective.
Typically, both types of electricity utilities are better off by performing the DSM in

agriculture consumers. The profits are further increased if someone else runs

(pays) the DSM programme.
face a net loss by performing DSM in

Typically, both types of electricity utilities
he losses are further increased if someone

Industrial and commercial consumers. T

¢lse (ESCOs) performs DSM.
i tive for verticall
A positive economic result is possible: 1 long-term Perspective ¥

Mtegrated utilities.
n to let someone else

; , o it by itself tha
It is always better for an electricity utility to do 1t bY

et lost revenues; but not the profit from
en

do i, because then the utility only has th

thiesgares
€rvice .
| g i avoided costs (€.8.,
. viding higher
Thig . 1 gituation 1S PTO
result holds, unless a Spect? 100 e.g, a co-funding
’ . : rOVldlngs €.8
: hanism 15 P
WYV0ideq r a policy me¢ ,
network upgrades), © I a better alignment
. through
. ices (€8
of mcrease p]
DSM costs, or the allowance [© s valid 38 in case of regulated
which

0 jvers
fauo“’ed revenues with cost drivets

Clegy .. .
Ctnc”y utilities in India).
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6.5IN
NSTITUTIONAL FRAMEWORK

DSM
programme i
In ian i
e plementation involves the use of
s along wi e
o | priate marketj
echnologies. The market penetration of e
n of each DSM
programme

Needs g
n appropri '
1ate 1nstituti
stitutional framework that has capabilit
1ty to encoura
ge consume
T

particip 1 S
ation l
. duch an 1 l
Institution can act as a coordinator between tl
1€ consumer, utilj
’ tl]lty

and oth
er key
players. Thi i
1is section suggests four conceptual institutional fi
rameworks fo
r

DSM ;
in :
plementation, which are as follows:
I. DSM - |
Cell within an Existing Institution
2. :
Creation of a New DSM Cell
3. D
Cell within Electricity Utility

4. D
S i
M Projects for Existing ESCOs

6.5
. _] DSI\
1 cops
Cell within an Existing [nstitution
osed to create an independent DSM cell within an

U -
wder this framework, it is prop
ork (Figure 6.1). The DSM

Cel] y;
l“ I .
eceive outside funding and 8t Jater stage wil

(SUC
h ag
NP . o
C, Chamber of Commerce and Industrial Association). The DS
ersonal with

grammes and recruit p

I'es
Donsib;e for :
r implementation of the DSM pro
jon programmes can be

Eren
Xpertise. During start-up well defined informat
s own targets for DSM

ertak
i ;
N and at Jater stages the DSM cell can have it

Iny
pl
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— l Central Government
Utility ] l DSM Cell I

Energy
Efficiency
Services

State Government

Energy Agencies

Consulting Companies

Consumers/
End Users
ESCOs

, Industry Associations

Vure 6.1 DSM Cell within an Existing Institution of the Sta(e

Pros.

° Lo
Wupfront cost

Repu{ation of host institution can be used.
ices can be offered.

' C iency serv
0 ; en
Mprehensive cost and energy effict

Be
ter epresentation of the end-user

Cons'
L}

Dif .

; o "

) elties i finding host institutio? ly companies:

La - olectricity SUPP

CK . elec
. l\Ofcooperation with the existing Jw-how.
pecialized

No spe.. of S
Pecializeq DM attitude and Jack »



6.5.2 Creation of a New DSM Cell

UI]dc [h]s “E]n'];‘ T [ S d
N prOpOSBd tO Create an h]de“e“ €
nt[)Shd Ce“ W' i
lt]llll

the state (Fip -
(Figure 6.2). The DSM cell can be represented as a part of a national D
onal DSM

Programme i
. During the start up period the DSM cell will receive the funding fi
rom

Nationa]
al or state
te budgets for general energy awareness activities and cost free en
ergy

Y services. After the start-up period the cell may provide fee paid consultanc
Y

S€rvices
- At a later stage the cell will also provide ESCO services (such as NPC

Champ
er of Commerce and Industrial Association). The DSM cell will be responsible for

implen i
le ' ith di
Ntation of the DSM programmes and recruit personal with different expertise.

Utility ) F)SM Cell

Energy
Efficiency
Services

Consumers/
End Users

Bj
6.2 Creation of a New DSM Cell

’ Central Government

State Government
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Pros.

* Direct contact with state enterprises

* Creation of a specialised cell with relevant know how

* Easy transfer of experience

Cons,

Uncertainty regarding commercial services

" Inseeure future will not attract qualified personnel

* High cost because of a new operational cell

Di i 1 e rapidly.
’ lfﬁculties n hiring or developing experienc
f losses as a consequence of programmes

: i
Energy companies might not co-operate

t price regulation
Tn by the agency are not avoided through correct p

653 p . ity Utility
SM Cel within Electriclty ectricity utility and most of the energy

o art Ofe]
The DSM cell will be an existing P 6.3). The start-up for

ity utility (Figure
efﬁciency services will be financed by the electricity U t. The DSM cell
1 , nt.
tate Governme
the Dg - ith the central and s |

fo
Wi ’ y Thc Work
! 50 deVCIOP its own commercial services

mercial DSM services.

agn . ket for coml
*Pilog Project for the development of a mar
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— F 1 Central Government
Utility DSM Cell

State Government
Encrgy Agencics
Consulting Companies
Consumers/
End Users
ESCOs

Industry Associations

Figure 6.3 DSM Cell within Electricity Utility

PrOs.

1]

I . .

twould r educe administrative cOsts: | |
t can also collect information on

i . mer. |
UtII’“eS have direct contact with the custo

ivering

Cong
Umey’ ns. -
s energy use pafiet derable experience 1n del

si
IH SOme states energy compames alreadY h

Ds
Mto their consumers.

1]
Tors
“lif aSpects can also be included. .

[}
2 _ t at the
it Offcriteria will be the avOld‘ad coe

Dg

Y Measures will be closely coord!
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Cons,

* Energy A ¢ .
ergy companies might see the delivery of energy efficiency to customers
as

onflicting with their commercial objectives.
° -ne , . C . .
Energy companies have no tradition and experience in energy efficiency.

Reluctance of consumers to participate in programmes in energy efficiency offered by

the utility.

6. .
5.4 DSM Projects for Existing ESCOs
Under this framework the DSM cell of electricity utility will prepare DSM
nsulting companies for its

Projects through state funding and call the local ESCOs and co
o monitor the performance of

f . i
teld Implementation (Figure 6.4). The DSM cell will als

theg .
¢ field implementations.

Energy
Efficiency
Services

Electrici[y

Consulting Companies

Consumers/
End Users

dustry Associations

i
8u
64 DSM Projects for Existing ESCO®
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Pros,

Cons,

It would reduce programme administrative costs.
ESCOs will have direct contact with the customer.

Utility can achieve its desired goals.
Utility can utilise the marketing experience of ESCOs for better delivery of DSM to

their customers.
ives through proper DSM measures

Utility can achieve its desired load shape object

M to small customers (Domestic and

: iveri S
ESCos may not be interested 1n delivering D
Agriculture) due to small quantum of savings. |
tly most efficient equipment.

d mos
ESCOs may not always install the newest a1 tsh
: in India, governments have
BeCause the ESCO industry is under the developing phase 1

: jvities.
L Play an active role to stimulate their actl
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_Chapter 7

T
MPLEMENTATION STRATEGIES

7. 7
TINTRODUCTION
e various barriers for implementing

AS dl ar
SCus i i I
ussed 1n pI’BVlOUS chapter, there
Ir. A range Of DSM implementaﬁon Stlategies

DSM
I' .

programs in Rajasthan power secto
wolved in DSM

ha\r
€ come
out I i I ili
of our discussions with the utility officials and experts i1
n involves different actors with

inlp[e

n .

lentation. But, actual DSM i :
, implementatio

entation strategies with varying implications

Conﬂic ;

linp : .

ng objectives and different implem

fficiency and stakeholde
a critical analysis of the range of

r acceptance (Metty and

in
effect;
Ct]\’ 2
eness, cost, feasibility, €

). This necessitates

ategy of combination of strategies from

Beck..
With, 2002; Clarke, 1994

ai[e
Matjy
e .
strategies to determine preferred str

chapter evaluates a range of alternative DSM

SPecif;
IC stak
stakeholder point of view: This
tive using the Analytic Hierarchy

imp)

&

mentation st _ L
rategies from @ multicriteria perspec

90; Hobbs and Maheshwari, 1990).

Pro
Cess
(AHP) method (Saaty, 19

cted to identl

W indicated that if all
the number of pair-

A |
by iterature review Wwas condu
ble
Mengari : ossible criteri
tation strategies. The Jiterature revie : fa and
wise

at
el‘n ;
atjy

Co V¢ strategies were

hlp ;

5 cholder in ut. The number of

ns required would be unmanageable . p
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evaluatio '
n criteria
and alternativ
atives strategies needed to be red
reduced to tl
hose that w
ere

most im
portant and
and refl
ected the problem conception of the stal
1¢ stakehold
ers.

To en
sure that the hi
. hierarchy criteria and alternatives were m fu
ers, In-de interv -
pth interview e
. erviews were conducted with representati N
er groups. A ' v o
o | e th
mi-structured interview style was chosen b -
ecause it allo
ws the

respond
ent to s s
peak in h
is or her own words on the topic of interest and
and allows th
€

Iewer to ad
apt the i IV' w 1
intervie to capitaiize on the Special knowledge expe
] -rienc
p € or

of res
pond
ents. The purpose of these interviews was to identif;
ify any DSM

lentation :
strategies that I '
1ad failed to emerge fr i
om the literature revi
review. Three

EXpert
s from e
ach stakehold i
er group were interviewed. Expert
' s selected for 1 i
nterview

“’Ere £F i
officials of Raj
of el 0 |
ajasthan EIECU’IClty Regulatoxy Commissi n (RERC) rans i
s mISSiOD
panies (Discon1), and some independent

Cong
Ul[an[ :
S In ur
the state. Based on extensive literature review

diff,
stake i e 1 1
holders, eight alternative 1mplemcntat10n strategies and six evaluation
| hierarchy design.

Crite]‘i
a(T
able 7.1) were selected for the fina

12
] ;
Dedicated Funds
s a major problem in

nts/ projects i

Finapc;
ancing energy efficiency equipme
ESCOs are not having

umers, as well as

gestcd to crea
port energy efficiency

im
DIementing D N
SM programmes. Utilities, cOnS
tea dedicated fund by

€ho
Ugh fundine o ; _ _
g to invest in such projects. [t was Sug
funds can sup

_ Such funds have been

GM programmes. The

y officiency/D

ote €nerd
failure gtories. Some of

in )
many countries t0 prom
g as well as

Cx
p(ir'
€ with funds is hOWGVCr mixed Wlth SUCCGS
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3 ].d /
} gy ICiency

Fund, Hun
, gary Energy Efficienc ' '
y Credit Fund (EECF), and En '
: ergy Project Special

Ac :
count (EPSA) in Korea (Painuly et al., 2002).

% i
2.2 Publje Benefit Charges

As di : . :
iscussed in the chapter 6, the implementation of DSM in certain section of
0

Customer
s .
poses a threat of revenue loss to the utility. Loss of income through reduced

electrici
][ ’ e F -
y sales may be mitigated if utility have access to funds raised through the

Public pe
C benefits charge to carry out DSM programmes. Recently al
hat energy companies like SMUD in

most 20 States in the

Usa -
have introduced public benefits charges, 50 t

thes
€ States can continue with EE-DSM programmes (Thomas et al., 2000).

12,
3 Revenue Regulation

Rey :
®nue regulation is one more way to overcome the financial disadvantage faced by
allowable revenue of a

Utilitjec : |
'S In promoting DSM. Under revenue regulation; the total
ar rupee figure: Within this revenue cap, the utility is

Utiljty, ;
Y s set each year at a particul
in any way it chooses. Any over or

0 set the structure and levels of retail prices
ning the allowable

corrected in determi

Ung
er . ;
collection of revenue in one Year 15

e successful in promoting

y has been ql,lit

reven
U¢ for the following year: This strat€8
mas et al, 2000).

Dy -
M in tountries such as the UK Denmark and Italy (Tho

7
n cost effective  DSM

2.4
Techlll'cal Support
iable, particularly

t Consumers do not ha 1

eChnOlO | jve these technologics to be unre
gies. As a result they perce!’® th

¢ reluctant to adopt new,

if
they

Further the¥ &

e measure'

lave not installed th
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I“ .y a. lzl 1 p e[l
to

consun
1ers through pi
] , .
gh pilot demonstration projects can help in buildi
ing confidence i
ce in

terms of relj
reliabili
iability and performance of these technologies

702.5 1 -
Obligation to Perform DSM
y to promote certain level of DSM

Re .
gulators can make it obligatory for utilit
ith utilities in their tariff approval hearings

gU]a 01 arge
Re t . W
n]ay negotlate the DSM t g t

In]plel
Nnentaty .
ation of a proportionate DSM programme can be made a non-bypassabl
€
ants (NTPC, NHPC) to

condjtj
on fi

or sale of power from central government power pl
year of electricity was saved

the st
ate utiliti
utilities. In Denmark around 700 GWh per
ies' DSM activities, e.g., through free

betwy
een
1994 and 1998 through energy compan
energ
y ' -
: efﬁmency audits for industry and commerce, programmes promoting compact
cent lamps (CFLs), rebate programmes for Class A refrigerators and freezers

s success Were agreemen
allowance to fund DSM costs via

ts between utilities and

(Tho
m
as et al., 2000). The basis for thi

8ove
mn
1ent, the legal obligation to perfonn IRP, the
h electricity price regulation,

n-principle Of Daﬂis

gt revenues from the reduction in kWh

the
tarif;
fs, and the “no-proﬁt—no—IOSS
Wh;
Ch a]
lowed the utilities to recover any net lo

Salgg

ow expense item, and

a relatively I

12
. I6 T
ax Fv _ _
X Exemption and [ncentives
the amount they pa

For many customers the electricity bill 18
o s) in y for
nsitivity to minor changes (increases or decreas® )

hand, 3% paid 10 the governmen
er ;

Clony .
ctrlcity i o "
negligible. On the of
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€
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Siglliﬁca]
1L expens
: e and se
individuals and B 16] EiHoL. dispropuTianare]
and busine cly more
S : attenti
sl ses (Parikh et. al., 1996a). An ention from
y attracts . . Any potential t . .
some 1nteres . 0 minimi
t and it is possl st Bl
provide sj possible to capitalise :
signals : on this heigl .
promot : ghtened i
incen ing investment in energy efficie rlerestio
ive for e ncy. Providi
nerev effici g a fi ;
gy efficiency through the existing tax syst neneial
ystém can b
e an effecti
ive

mechanj
nism for
governmen : .
equied o t to financially interact directly with energy end
admini : Y eng-u
lstrative framework is already in pl Sers as the
ace.

T 7
47 Promoti
ting through Industry Associations
rticularly in the initial
phase can be i
quite successful

A ;
| consortium approach, pa
in ’
Promotin
g DSM
programines (Reddy and Parikh, 199
, 1997). The consortiu
m may consist
including  utilities, IDBI (as financial
ncia

of
Iepres :
entativ
tatives from organizations
ally from manufactur
Confederation of Indian Industries

es of efficient appliances and

Organ;
ets,amzation), industry (especl
quj
(CH)p ::”5) and association representatives like
Associate Chambers of Commierce and Industries (ASSOCHAM) appropriate
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7.3 HIERARCHY DESIGN
The formulation of the decision hierarchy is a critical step in the AHP process. A

summary of the AHP method is described in appendix B. AHP involves decomposing
the problem into a hierarchy of interrelated decision elements i.e. goal, evaluation
Criteria and solution alternatives. Figure 7.1 shows a three level hierarchy tree

developed for selecting an appropriate DSM strategy. At the top of the hierarchy is the

pla”“ing goal, which is defined as the «DSM implementation” in present context. The

factors that affect the choice of the best strategy are divided in to six generic groups:

compliance flexibility, legal feasibility, potential for

effec[ivencss, economic feasibility,
der acceptance (Table 7.1). The next layer consists

Market transformation and stakehol
atisfying the overall decision goal.

Of the solution alternatives under consideration for s
2. were selected as alternatives for the
H

Sight alternative strategies discussed in section 7.
nd alternatives in this manner allows the

AP hierarchy. Arranging the goal, criteria a

elationships inherent in the situation and

decic;
“Cision maker(s) to visualize the complex T

as : ' .
°C8S the importance of each 1ssU€ at each level
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Ta ‘
ble 7.1 Hierarchy evaluation criteria

—_—
Evaluation Criteria

Definition

Ef'fcc[i\'cncss
Economic feasibility

CO“?PIiance
flexibility

Lega feasibility

P %
[rotential for market
ansfonnation

SiakehOider

dac
%

The ability of the DSM implementation strategy to achieve the
goal of DSM implementation

The economic impact that the DSM implementation strategy will

have on utility business viability

lity in adopting the DSM implementation strategy

Utility flexibi g th
with its existing business activities

The need for new or modified laws to implement the strategy
barriers resulting from market

a set of market effects, that lasts

in market
d, or changed

The reduction 11 q by
- jon, as evidence .
ln[ewent] been WIthdrawn, reduce

after the intervention has

M implementation strategy to different

Acceptability of the DS

stakehOM
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7.4 SURVEY DESIGN
In order to rank alternative strategies a survey was conducted on the participants

of a USAID sponsored one week training program on “Regulatory implementation of
IRP/DSM™ organized by the Institute of International Education (IIE) at Jaipur and
Hydrabad. The program was attended by 20 participants in Jaipur and 20 participants in
Hydrabad. There were 18 participants from utilities (mainly Discom), 8 participants
from Regulatory commissions and 14 experts from consumer groups. A questionnaire
Wwas circulated among the participants to collect their responses on the six evaluation

Criteria and the eight alternative strategies (see appendix C). In the first section, the

Participants were asked to give their preferences, assigning 1 to the most preferred

Strategy and 8§ to the least prefem:d strategy. In second section, the participants were
on criteria used for evaluation of

¢ . [O gi\’e [heflr Welghtage 0“ SlX dl t
e weightages were assigned in terms of

alternative DSM implementation strategies. Th
L: Low, VL: Very Low for the specified

VH: Very High, H: High, M: Medium, |
asked to compare the relative importance of

3 ' ici re
“Tleria. In third section, participants We |
ect to specified erteria.

Y Implementatjon strategies with resp

S CRITERIA IMPORTANCE WEIGHING

S rticipants Were asked to comparc the relative il:;(.ma?ce OfajaCh

urvey particip ¢ the goal of DSM implementation.

“Valuatiop criterion when selecting 4 strateg 10 1 e relative importance

. hts, the averag
From the indjvidual participant’s importance Welegre et d. The results of the pair-
Weightg of the evaluation criteria for each grouP w mic o (Eco), Compliance
cono

Wise CTarisen T E ffectivencss (Eff), E

156



flexibility (C ibili
y (Comp), Legal feasibility (Leg), Potential for market transformatio (Pot)
o ) ' n (Pot) and
cholder acceptance (Stake) criteria for utility, regulatory and consu
mer groups are
shown 1 '
wn in matrices A, B and C, respectively. The priority vectors generated fi
ed for the

indivi g
ividual stakeholder group from these matrices is presented in Table 7.2

. The higher the value given to a particular criterion, the greater its perceived
ceive

importance with respect to the study goal.

Eff Eco Comp Leg Pot  Stake
Ef 1 0.969 1.476 1.632 1.348 1.409
Eco 1.032 1 1.524 1.648 1391 1.455

A="Comp 0.677 0.565 1 1.105 0.913 0.955
Leg 0.613 0.594 0.905 1 0.826 0.864
Pot 0.742 0.719 1.095 1211 1 1.045
Polt 0.710 0.688 1.048 1.158 0.957 1 ]

(Utility group)

= 6, N =6, CI=0, RI= 1.24, CR=0)

(}"m.’m
[‘ Eff  Eco Comp Leg Pot Stake |
g 1 0800 1091 1333 1.500 1.714
4 1667 1875 2143
Eeo 1250 1 136 N
B=|Comp 0917 0733 1 1222 1.375 1.571
Leg 0750 0.600 0818 1 1.125 1.286
oo 0.667 0533 0727 0889 | 1143
| Poie 0.583 0467 0636 0778 0875 1 ]
o — N =6, CI=0, RI= 1.24, CR=0)
nax ’

157



[ Eff Eco Comp Leg Pot Stake
Ef 1 1.043 1.333 1.500 1.143 0.923
Eco 0958 1 1.278 1.438 1.095 0.885
C=|Comp 0.750 0.783 1 1.125 0.857 0.692
Leg  0.667 0.696 0.889 1 0.752 0.615
Potr  0.675 0913 1.167 1.313 1 0.808
Polt 1.083 1.130 1.444 1.625 1.238 1 ]

(Consumer Group)

(hmax = 6, N =6, CI=0, RI= 1.24, CR=0)

Table 7.2 Criteria weights for each stakeholder group

Evaluation Criteria Utility group Regulators Consumers
weighting group group
weighting
weighting
Effectiveness 0.209 0.194 0.188
Economic feasibility 0.216 0.242 0.180
Compliance flexibility 0.142 0.177 0.141
145 0.12
Legal feasibility 0.128 0 5
. ; 0.129 0.164
Potential for market transformation 0.155
0.113 0.203
Stakeholder acceptance _ 0.149
0 1.000
Total 1.000 1.00

—_ S

the sum of the priorit

y weights for the criteria is 1.

For each stakeholder group,

rticular crite the greater is its perceived
o a pa

rion,

The higher the value given !
e study goal. For example,

mportance wi ect to th
e with resp .1i+v of the DSM implementation

participants from the utility

b indicated that the rammes) Was the most important

ting DSM Pro&

of promo
tation strategy:

s :

lrategy to achieve the goal
- men

- . DSM imple

“Miterion in choosing an alternativeé D
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The representatives from regulatory group also weighted the criteria economi
feasibility (0.242) and effectiveness (0.194) as more important than the other crit 'lc
o iteria,
The criteria compliance flexibility (0.177) and legal feasibility (0.145) were given
moderate importance, as the respondents from this group are primarily policy advocates

\,vho . it
se focus is modifying laws and regulations. Compliance flexibility was al
also

relativ : : 5.3
atively important to this group, receiving a weighting vector of 0.177. This result i
- is

consi 1 ; :
istent with the interview comments by regulators emphasizing the flexibility of tl
1e

A _ _ , . ;
ility in adopting a strategy matching with the existing business objectives.

Of least relative importance to the utility as well as the regulatory group was
constrains in adopting the DSM

S .
takeholder acceptance. This suggests  that
t as important an evaluation criterion

Implementation strategy by stakeholders was no
e experts interviewed from this group said

T 1 r ey beca“ e many Of
hlS was not SUIpIIS”lg 5 1 th
der the restr ucturing phase in India and ﬂley

tl : I .
1ey believed that the utility industry 13 un
mplementing the innovative policy measures to

are |j :
€ likely to get more qutonomy 101

i .
Mprove the performance of the utility.
eighted the evaluation criteria more evenly than

the consumers w
h of 0.203). A weight of 0.203

ow of 0.125 and a hig
followed by effectiveness and

As a group,

el .
ither of the other two groups (1-¢ ]
rolder acceptance criterion,
s of this grouP also mentioned all three of thea

remaining criteria were weighted

W .
45 given to the stakel

ec . R 1
Onomic feasibility. Representatlve

discussions: The

feasibility and

Criters .
teria repeatedly during the
est that economic

y results sugg

e other cyaluation criteria considered. It

r .
Clatively equally. These surve

portant than th
lected the same criteria

effect; :
fectiveness are slightly more i

is | ;
Iteresting to note that poth the
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p l\ .
n
1] - Imi

feasibili
ility was
the most I
; -
mportant decision criterion, foll d
} owed by
effective
ness

criterion.

importanc
¢ and not a '
bsolute importance. The fact that a criterion i
on is weighted
as havin
g

less i
mportance th
an o e
v other criteria 11 the table does not necessarily m
ery httle 1 e
importance ' .
" In fact, given that the evaluation criteria includ r
cluded in the
surve
d fro i interv y
m the literature and inte iews with expert
erts in this

were b
a
sed on those that emerge

Stratee ]
2y selection it 1S Mo I o
debate, 1t 1s M re Ilkely than not that most if not all of th
the criteria h
ad

some im
portance to each of the stakeholder groups.

7.6 CO
I\.
IPARISON OF ALTERNATIVE STRATEGIES
lative importance of the six evaluation criteria, th
) , the next

After determining the r€
ive implementation strategies. Th
: e

Step W t to
as to Hf‘,la e ]lese cri Slia the alteIIl
lmpOIIallce on DSM ilIlpIelllentation

partici

lpants were asked to provide relative

ified criteria (S¢e€ appendix ¢, Section C). The AHP
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composite weights that serve as ratings of
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egies with respect to spec

1ce a veetor of
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parison of alternative

g the problem goal. Pair-wise com
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egies, namely dedicate
support (TS perform DSM (OBP), tax
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ation (RR), technical
g through 1P
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ption and incentives (
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18 matrices of 8 x 8 are

Promotj
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Following these,
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formulated. A sample pair vise comparison matrix for alternative strategies against the

effectiveness criteria computed for consumer group is shown bellow.

I DF PBC  RR 78 OBP
DF I 1471 1389 1136 1316
PBC 0680 1 Q944 Q773 0895
RR 0720 1059 1 0818 0947
IS 0880 1204 1222 1 1158
o8P  a760  L118 1056 0864 1

i 0640 0941 0889 0727 0842
0BP (680 1000 Q944 Q773 0895
ESCO  gs40 094l 0889 0727 0842

(Amax = 8, N=8, CI=0, RI= 1.41, CR=0)

iori ights
Corresponding set of priority weigh

groups with respect to each criterion

in maximu
comparison matrix imply small changes

gistenc
Matrix. It is also necessary 0 test the cOnl

ncy ratios (CR) ar

€ach hierarchy. Consiste .
is
cture. The cons

(o 18 : tru
45 well as on entire hlerarchlcal s
he ratio of Con

dCceptable. Consistency ratio is ¢
: for ran
Random Index (RI) where RrJ is CI

Tables 7.3-7.5

'mplementation strategies with I

bes
ative is the one that
m

§roup, The highest rated alte

¢ computed for the jud

tency ratio of less than 0.1 is

domly gcnerated re
= Omax- NV N-1).
ch of the DSM

17

1563
1.063
1125
1373
1.188

1.063
1.000

were computed. Small chan

e weights for ea

PIA

1471
1.000
1059
1294
1118
0941

0941

ESCA

1.562
1.062
1125
1375
1.187
1.000
1.062
1

of strategies for all decision making

ges in pair-wise
m eigenvector value (Amax) of the

y because of the varied importance of

gments of evaluation

sistency Index (CI) and Average

ciprocal matrix. For a

terion for each stakeholder

t meets the evaluation criteria.
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perceive that it may be made mandatory to utility to perform certain level of DSM in
different sectors.

Like the utility group, the respondents from consumers group also preferred the

dedicated funds strategy (0.169). Both the utility group and consumers group preferred

the technical support strategy for their second priority.

Sensitivity analyses was conducted for regulatory group who gave less
preference to the dedicated funds strategy o determine if changing a group's evaluation
of the strategy with respect to one ot a combination of the six evaluation criteria would
significantly alter the ranking of the strategy- The most critical issues that would need to
1 of these groups with respect to this strategy

be addressed to increase the comfort leve
14 t . H . th

are legal feasibility, Compliance flexibility and stakeholder acceptance. However, the
mizing this strategy for all three groups would be

Sensitivity analyses revealed that opti
- oups preferred this strate
very difficult. Thus, although the utility and consumer gr ps p gy

mely hard time getting buy-in or support from the
re

over others, it would have an ext

regulatory group.
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Table 7.3 Utility group strategy prefercncces
Alrernarive Straregies /

Evaluation Criteria
Economic Compliance Legal Potential for Stakcholder  Strategy
Effectiveness  feasibility flexibility feasibility — market acceptance preference
' transformation
0.209 0.216 0.142 0.128 0.155 0.149
Dedicated funds 0.032 0.031 0.016 0.017 0.023 0.020 0.138
Public benefit charges 0.026 0.027 0.017 0.016 0.021 0.020 0.127
Revenue regulation 0.027 0.025 0.017 0.017 0.017 0.018 0.120
Technical support 0.029 0.029 0.020 0.016 0.020 0.019 0.134
Obligation to perform. 0.025 0.022 0.016 0.017 0.021 0.019 0.121
Tax exemption 0.024 0.028 0.016 0.018 0.019 0.020 0.125
Promotion through 0.023 0.03 0.019 0.013 0.019 0.016 0.119
Industry associations
Promotion through 0.023 0.025 0.020 0.015 0.015 0.017 0.115
BSCOs
Note: The weights of the evaluation criteria are given below the titles.
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Table 7.4 Regulators group strategy preferences

Alternative Evaluation Criteria
Strategies
Effectiveness Economic Compliance Legal Potential for Stakeholder  Strategy
feasibility  flexibility feasibility = market acceptance  preference
transformation
\ 0.194 0.242 0.177 0.145 0.129 0.113
Dedicated funds 0.023 0.03 0.019 0.018 0.017 0.013 0.119
Public benefit 0.032 0.03 0.023 0.015 0.017 0.014 0.13
charges
Revenue regulation 0.018 0.042 0.023 0.015 0.013 0.014 0.125
Technical support 0.032 0.039 0.028 0.029 0.023 0.018 0.169
Obligation to 0.027 0.036 0.033 0.022 0.023 0.014 0.155
perform.

Tax exemption 0.027 0.03 0.021 0.022 0.017 0.015 0.132
Promotion through 0.021 0.024 0.019 0.015 0.013 0.014 0.105
Industry associations
Promotion through 0.014 0.012 0.012 0.011 0.007 0.011 0.066
ESCOs
Note: The weights of the evaluation criteria are given below the titles.
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Table 7.5 Consumer group strategy preferences

Alternative Strategies / Evaluation Criteria
Effective- Ecopqrr_lic Compliance Legal Potential for Stakeholder  Strategy
ness feasibility flexibility feasibility ~ market acceptance  preference
transformation
0.188 0.180 0.141 U.125 0.164 0.203
Dedicated funds 0.031 0.034 0.2 0.018 0.029 0.034 0.169
Public benefit charges 0.021 0.020 0.015 0.018 0.021 0.025 0.121
Revenue regulation 0.023 0.018 0.015 0.016 0.018 0.025 0.115
Technical support 0.028 0.029 0.020 0.016 0.020 0.028 0.141
Obligation to perform. 0.024 0.020 0.016 0.016 0.020 0.025 0.121
Tax exemption 0.020 0.018 0.014 0.017 0.022 0.021 0.112
Promotion through 0.021 0.023 0.019 0.017 0.017 0.021 0.119
Industry associations
Promotion through 0.020 0.019 0.018 0.015 0.017 0.024 0.114
ESCOs
Note: The weights of the evaluation criteria are given below the titles.
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transaction costs, for example for tendering and application procedures;

requires the establishment of new institutions or new functions in €

Table 7.6 Comparison of AHP and ranking approaches
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_Chapter 8
CONCLUSIONS AND

RECOMMENDATIONS

8.
1 CONCLUSIONS
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e

renew
ab
le energy power generation,
s been quantified

d the extent of benefits ha

been illustrated an

hew
capaci fe
pacity additions has
environmenta] emissions and

in te
m .
§ energy, peak demand, capacity requlrements,

System
cost reductions.
benefits, utilit
’ Yy face

] and clear economic

saving potentia
has been made to identify the

Despite the large energy
An attempt

plementiﬂg DSM.

tion. For this pu

depth interviews

an
um
ber of barriers in im
rpose, 8 series of in-

Major barr]
f barriers for DSM implemen®
fficials and experts. The financial impact of

hay
e
been conducted with the
DSM
activities on the utility has peen run perspective.
namely unbundled electricity

y industry structures

m power pool and a vertically

Tw

0 .

different types of electricit

purchasing electricity fro

distriby e
bution utility (Discom)
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8l

wn 1 1

from
the per :
perspectives of different stakeholders

esented in three parts, namely

[he maj
ajor co 1
jor € nclusions drawn from the StUdy are pr

maj()r 1
Issues in Raj
ajasthan power
sector, assessment of DSM i
potential, and barri
arriers and

in'l ]e 7
plementation strategies for DSM

8.1 .
1 Major Issues in Rajasthan Power Sector
1. ,
Analysis of technical and financial performance of Rajasthan power shows ti
s that
low technical efficiency, high supply cost and uneconomic prices of electricity a
are
osses in the utility. The average cost of supply is

t it
he principal reasons for heavy |
and 3.6). Higher tariff in

tariff (Tables 3.5

higl
gher as compared 10 average
ed these consumers towards

has gradually shift

mmercial sectors
e utility have considerably

industrial and co

capti .
ptive generation.

11 -
icreased in recent years:
reased from 31 % in 1993-

percentage of revenue has inc
s has led the utility into a

2

The level of subsidy as 2
94 1o almost 66 % in Y& 2001-02 (Figure 3.5). Thi
financial crisis. The inadequate capital has hampered the revamping i

a .
ugmentation of the existing power systert
itute about 64 % of the

3T
e average cost CompOSlthn
| has led to increase in the

to .
tal cost and interes
owed capita

(Figure 3.3). The higher inté

unj I
nit cost of electricity geﬂcrauon'
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I aster 1 m € uate
gTOW[h In dO € 1 ]
plam‘lin
g for

su
pply. Thus study suggests DSM

crises.

as a best alternative fi i
or easing the immi
nent energ
y

8.
1.2 DSM Potential

1.

. DSM, T&D and IRP scenario

The stud i
y has examined a number of DSM
programmes for Raj
jasthan power

hat the CFL programme is highly attractive to th
e

Secto Th 1 how
ctor. e analySlS S st
of saved capacity is minimum for this

of saved energy and cost

utility, as the cost
Rs. 5,100 kW respectively (Table 4.16)

programme i.e. Rs. 0.20/ kWh and
esults from the LEAP
rease up to 50,301 GWh and 8,203 MW

In the ref i
erence scenario, T model reveal that the total energy

d are expected to incC

Table 4.17). The cap
a cumulative total capital expenditure of

and peak deman
acity requirements are expected

respectively in the year 2012 (
to increase to 10,853 MW This will need
about Rs. 251.9 billion (in present value)-

s results inared
peak demand i

uced energy demand of 2,910 GWh

s reduced by 692 MW

Gwh respBCtiVC]y;

jvelys

2,585 GWh, and 5,495
ative system cost savings of Rs.

2 MW respect
Rs. 7.3 bi

the cumul

y the year 2012 (Fig

421 MW, and 110
llion respectively b

7.0 billion, Rs. 4.2 billio 2

in RET scenario, the overall system

se the running costs of the

4.5-4.16). .

In spite of highe
becau

t for the plan
.4 and 1SCC) is Sigﬂiﬁcantly lower than

planning cos

renewable energy based
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reduction i
ction in CO; emissions.

The result
s of th
e study suggest that all the technological opti
ions such as DS
M,

T&D |
oss reduction
renewable energy based power generation, should b
’ < attempted

Simultaneo
USI)’ Inv ] c
. estm i
ents 1n these options costs are far less than the i
n reasing cos
ts of

e]ectl [ ” S : : f d : .

In :
ternational funding

8.13B
< Barri
iers and Implementation Strategies
officials and experts clearly reveal that lack
c

I. In- : .
depth interview with the top utility
lack of expertise, non

to end-users, severe capital

scientific tariff, lack of

of planning, institutional barriers,
incentives to utility, lacK of essential information
y efficient equipm
major barriers in DSM implementation

ents, mistrust between consumer
s

sh '
ortages, high price of energ

and util;
d utility, and perception of risk aré the

i .
n Rajasthan power sector (Table 5.1).
ot provide appropriate signals

2.
Present tariff does I
. a need for tariff reforms to improve prospects

to consumer for shifting

t
owards conservation.

of DSM
¢ with proven cost effective energy-

gh experienc

result the end ive energy efficiency

t have enou
_users perce

y have not installed the

3.

Consumers do no
ologies: AS a
able, partic

need 10 develop P
ability and perfo

if the

ilot demonstration projects to

efficiency techn
ulal'l)',

technologies tO be unreli
technology measure: There is @
s - ¢ reli rmance of energy

build confidence of cons

efficiency technologies:
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l i

U[ility The hi
: higher n v i yv y
et lost revenue 18 experienced b erticall integ ted
rated utilities

while the low
er net lost revenue is €x 1
perienced by the Discoms. Typi
. Typically, all the

energy compani
panies are better off by performing the DSM in agriculture
sector.
ce contracting through ESCOs is suggested as a viab
viable

. Energy performan
es. However, since the ESCO industry i
is

alternati i
ative to implement DSM program

dia, governments have to play an active role t
o

un i

der developing phase in In
stim ;

timulate their activities.
trategies for DSM implementation which

. Th . .
e study identified eight different s
evenue regulation, technical

include: .
ude: dedicated funds, public benefit charges, T

perform DSM, tax ©
romoting through en

xemption and incentives, promoting

su :
pport, obligation to
ergy service companies

thro :
ugh industry associations, and p

(ESCOs)
ifferent criteria that include:

ith reference to d

ance flexibility, legal feasibility,

- Th .
ese strategies WeEre evaluated W
eff . g M
ectiveness, economic feasibilitys compli
stakeholder acceptance. Dedicated funds and

formation;
ferred strategies among all the

potential for market trans

e been found to be most Pre

t .
echnical support hav

Stakehold
ers.
an integrated resource plan at state

entral agenc
under it’s planning wing

. CU
rrently there is n0 ©

l
evel.The state govemrnent sho

to : i
conduct such feasibility studics:
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There i
1s a need to
set u icy initiati
p new policy initiatives, minimum energy-effici
-efficiency standa
rds,

regulalions I
ctc. to pr i
p omote the DSM 1n the state. herefore, it is hlgh]y i
» lmperative to

Com 1

of electrici
| -
city use within a closely co-ordinated

he efficiency in all spheres

framework.

8.2
RECOMMENDATIONS

1.

There i
S , -
a need to set up new policy initiatives, minimum_energy-effici
-efficiency

e DSM. Therefore, it is highly imperative

stan .
dards, regulations, etc. to promote th
kage of measures for raising the efficiency in all

to f .
ormulate a comprehensive pac
in a closely co-ordinate

d regulators should work together to

S o e .
pheres of electricity use with d framework.

govemment utility an

It is imperative that the
Jementation. Without such co-operation, it

directive on DSM imp

adway can be made.
there must be incentives to do

frame a national

1s unlikely that any meaningful he

I rge e . T
f utilities are made to invest 11 DSM programim
¢ ensuring that these incentives can be

so. The regulators should investigate ways 0
ilitate the creation 0

hould also fac
public good yielding benefit to the society.

aking DSM programmes is very

€s,

f a culture within the

offered. The regulators

ctured, Discoms

Experience of Indi
owards being restru

ustry moves t
capacity in this area.

limited. As the electricity ind

should continue to gain experie
Demonstration through pilot projects
ociated with DSM pro

grammes on a project by project

the social benefits 385

basis.
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other re
gulatory m
echani
sms that allow utility to recover
cost and/or
make a
profit

fro i
m DSM investments

8.3 FU
TURE SCOPE OF WORK
sse
ssment of the economic and envi
ronmental

.
n

S
. I ere lS 1
] 3 [ eSU]tS. h 1 i ’ t |

ied in the electricit
y sector only. The DSM
strategies can
be

2. D
SM has been appl
rt sector, cooking sector etc. For exampl
ple,

applied i
plied in other sectors such as: transpo
e applied by the strategies s

cles or by switching from one mod
e of

uch as, replacing the old

in t
ransport sector DSM can b

ineffici 1
icient vehicles by energy efficient vehi

t
ransport to other mode.
3T
- Though
the final results of the i
analys1s show great be
nefits of DS
M

g of energy and € these savings are
of equipments: Hen

rporate the impact of DSM on the

nvironmental savings,

im ;
plementation in term
ce, it is suggested that a

very sensitive to the time of use
detailed analysis should be carried out t© inco
lity.

1 tariffs in different consumer

i .
aily load profile of the uti
ates/ differentia

time of user
din further stud
assist in the fo

4
. D .
SM options such as

so be include

ies.
rmulation of one or more

¢ :
ategories may al
gs wou

It i
S ex
. pected that the study findi®
I'siOrlS
of a more fully elaborat® pSM plant
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APPENDIX -A

LIST OF EXPERTS INTERVIEWED FOR THE STUDY

Tnterviewee Numbt.zr of
interviews
Secretary, Department of Energy Government of Rajasthan 1
. 1
Secretary, Rajasthan Energy Regulatory Commission, Government of
Rajasthan
- 1
Deputy Secretary, Rajasthan Energy Regulatory Commission,
Government of Rajasthan
issi mment of 1
Member, Rajasthan Energy Regulatory Commission, Gove
Rajasthan . .<ion, Government of 1
Consultant, Rajasthan Energy Regulatory Commission
Rajasthan 1
. e , Jaipur.
Superintendent Engineer, Transmission Company, JaiP |
1 iscom, J aipur'
Superintendent Engineer, pSM Cell, Jaipur D1s¢ 1
, Jaipur
Executive Engineer, DSM Cell, J.lpurgiﬁ;’"‘ p ‘11
Assistant Engineer, DSM Cell,J alpurjaip ur. ' |
Engineer, DSM Cell, Jaipwf D‘S{com:rrust (CUTS) I aipur
Director, Consumers Unity avings | 1
merce and Industries, Jalpur
m
Consultant, Rajasthan Chambers of C 1
: 1
; i . 1hi
Consultant, Advent Associates J a‘p.ﬁft Authoritys NcV‘;hli)e 1
éssistam Director I, Central azf:; Authoritys New De i
hief Engi 1 Elec .
ef Engineer, Centra Jaipur "

Sr. Mana NHPC Ltd. Nigam,

gera . asal‘aﬂ
Asstt, Engineer, Raj asthan vidyut Pr .
~Totar
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A
SUMMARY OF AHP METHODOLOGY AREENDLR--4

[1]isa structured approach

The I
analytic hierarchy process (AHP) introduced by Saaty

for dc : F
aline w : . . . e
ing with complicated multi-attribute decision problems.

e being considered by a group of experts. The

Ass T ar
ume that n probabilistic phrases
probabilistic phrases. The

e relative weight of these

goal is to provide judgment 0N th
Jues associated with pairs of phrases,

f‘0“0\, " 3
ving is a method of deriving, from relative va

a set - . e e gt RTI
of weights to be associated with individual probablilstlc phrases.

phrases. The quantiﬁed judgments on pairs of

Letcy, Ca, . - - » Cn DE the set of 1

phras . :
€s ¢, ¢, are reprcsented by an n*1 matrix:

A = (@) =123
Ifciis judged to be equally probable c; , then 3= 1
Ifc is judged to be more probabie than ¢; » then a;> 1
Ife is judged to be less probable than Cj s then ajj < 1
a;= /3 ai# 0
Thus the matrix is a reciprocd! matrix (the entry &ij is 1€ inverse of the entry ;i)
phrase® Cj

ompared with

a )
j Teflects the relative probabillty ofci €

N : c
%12=1.25 indicates that €1 is 1.25 times as P obable a5 2
pe found by computing
The vector which represents the priorities of the 1 phrases can
ximum eigenvalue of the pairwise

g to the ma

th '
B eigcnvccmr Correspondm 2, which satisfies the
' as whiC
COmpariso A, An . genva] e of the matrix A1S deﬁned
n matrix A. el

follow:

O\Vln . . . Aw -’—'-?\,W |
o o ssociated with @ given eigenvector W.

a

A igen
iS a constant which 18 called the €18

Qo H
.t the eigen



the or : : . .
1e associated with the maximum eigenvalue (Amax) Of the matrix A. Since the sum

of the wei ; . .
he weights should sum to I, the normalized eigenvector 18 used.

Saa . . :
ly suggests a measure of consistency for the pairwise comparisons. When the

Judgments are perfectly consistent, the maximuim eigenvalue 2. should equal n, the

number of phrases that are compared. In general, the responses will not be perfectly
nvalue is greater than n. The larger this

cons; ; . . ;
nsistent, implying that the maximum eige

eigenvalue, the greater the amount of inconsistency- The deviation from consistency
(CI) is represented by (anax-)/(0-1). Next, the

order 1-10 using a samp

which is called consistency indeX
le size of 100

following random index (RI) table for matrices of
is used o generate a consistency ratio (CR); which is the ratio of CI to the average RI

for the same order matrix. A CI of0.100r i
5 5 7 8 9 10

3 4
1.45 149 1.51
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APPENDIX -C

QUESTIONNAIRE

Your Name: Organization:
Designation: Phone/F o
E-mai: one/Fax:

Section A:

Ranki

Ple’;:{é”g of Alternative DSM Implemeutatior
rank the following eight DSM implementation strategies, assigning | to your

mo
o nitbprefened strategy and 8 to your least preferred strategy. Please assign a different
er between land 8 to each strategy, using all numbers:
Preference Rank

Alternative strategy

s Strategies

Dedicated funds —
P .
ublic benefit charges _
Rev
¢venue regulation —
Technical support _
0 . 5
bligation to perform _
Tax
aX exemption _
Promot; !
prOmOt! on through [ndustry associanons J—
motion through ESCOS T
Section B:
Criteri
eriq Importance Weighting . o ‘
. strategy JOHOWE criteria are being
viteria mentioned

nd: VH:

FOr .
. . entation
selectmg an appropna{g D . U?.IPIENI W()uld [;ke to aSSign to the ¢

ities YO ;
the priort ' p of the rows as Per your judgment. Lege

CoOnsicder
bel idered. Please indicat€ _
ow. Please mark a tick (¥) aga135:ye$0w //
vL: Ve
Low e Level as per your

Tmportd!

C°W High, H: High, M: Medium, L+ =°

iteria e

v///"ff

EffeCtiveness //F—fff

Economic feasibility ///f/f

Legal feasibility //ffﬂf

I
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